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A Study of Spectral Line Identifications in Perseid 
Meteor Spectra 

L\l\' IL\LLID.\Y 

,\ BSTRACT-.'\ detailcd lisl of spectral line idenlifirations is deri,·ed from the sludy of fi,·c Perseid melcor speclra . 
. \ total of 229 fealures are idenlified in lhe region from 3680 ,\ to 8710 .\. lL is shown thal lines of l'< II, O 11 , and 
·r I f are present, and probably a lso lines of r I, Ba I, and Ba II, in addition to lines of olher a toms and ions pre

viously idenlified . The high C\.citation energies required for lhe lines of~ l [ and O II are discussed. Addilional wa,·e
lengths may be e\.pecled lo appear on speclra of higher dispersion or by further e\.lensions of the observations to the 
ultr,n ·iolet and infrared. 

RÉSUMÉ- La liste détaillée d'identifications de raies spectra les pro,·ient de l'étude de cinq spectres météorique des 
Perséide . On a identifié un lotal de 229 traits particuliers dans la région a llant de 3680.\ à 710A. On a reieYé la 
pré ence de lignes~ 1 r, 0 1 [ et Sr l f, de même que la présence probable des lignes de r I, Ba I et Ba JT, en 
plus des lignes d'autres atomes et ions identifiées antérieurement. Les grandes énergies d'e"cilalion requises pour les 
lignes :-J li et O If y sonl discutées. On peul prévoir la décOLl\·erle de longueurs d'ondes additionnelles dans des 
spectres de plu s grande dispersion ou encore par des obserrn Lions plus poussées au sein de l'ultra ,·iolel cl del 'infra rouge. 

Introduction 

Among the meteor spectra phoi.ographecl at i.he ::\fean
ook and Xewbrook meteor obse1Tatories, Alberta, Can
ada, during 195 , 1959, and 1960 are se,·eral excellent 
spectra of P er eid met.cors. The clctailecl analysis of i.he 
atomic emis ion lines obseiTed in these spectrn leads to 
a table of line identifications which is consiclerably more 
extensive than any such table previously publishecl. This 

which the spectrograms wcre securcd have been des
cribed by Halliclay (195 ). The observing staff at the 
obsen'atories consi:-;tecl of A. A. Griffin, J. 1\I. Grant, 
Y. N. Beck, and T . E. Chmilar, together with T. L. 
Pearson and E. IL Seaquist as summer assistants. 

tudy i de,·oted exclusively to these spectral line identi
fications. orne of the spectra al ·o exhibit interesting 
niriations in intensity which \Yill be discusscd in a later 
paper. 

Observational Material 

The observatorie them elves ha,·e been clescribed by 
1illman (1959a) and the meteor spectrographs ,Yith 

The analysis of spectral lines is based on measurements 
in the pectra of five <lifferent Perseid meteors. For one 
meteor three differcnt spectrogram · contributed to the 
total number of lines measurccl. The basic observational 
ma1.erial Ü; summarizecl in Table 1. uccessive columns 
list the date and universal lime of the meteor's appear
ance, the obserYing station, the camera letter and ex
posure number of the spectrogram, and t he emulsion 
usecl in the camera. The next columns li t the number of 

TABLE 1.-0BSERVATIONAL DATA 

Date Uni versai Grating, Dispersion Shutter, 
Time Station Exposure Emulsion* grooves breaks 

Number pcr mm I II per 
y m d h m s order order second 

195 12 8 01 15 Newbrook T 5ï0 Tri-X 400 115 61 none 

~ewbrook U 5ï0 IR 400 U:3 none 

Ne1dJrook \YY I-D 80 1950 11 

1959 8 13 !) 27 55 Ncwbrook S ï66 Tri-X -100 117 60 none 

19G0 8 12 5 28 Ncwbrook II 15 2 IR 400 119 24 

1960 12 18 53 :\Icanook B 668 I-D 300 105 12 

1960 13 6 14 31 ;\foanook A Gï8 I-D 300 106 50 12 

*Tri-X - Kodak Tri-X Aerecon film. 
IR - Kodak Infrared Aerographic film. 
I-D - Kodak Spectroscopie I-D cmulsion on film or plates. 

935.J..J.-5-l ½ 
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lillP,-; per mm oil the ohjcc(i \·e gra ting fo r eac h camera 
and the di,-pr r,-;ion of t he origill a l ,-;pec t rogram in ,\ /mm 
for the fir,-t orcler an d a l,m fo r the :-;econcl order whene\· er 
thi:-- \1·a,-; u,-;ed in the rcdu ct ions. The fin al column in
dicate,-; the pre,-e ll ce or abse nce of a rotat ing shutt er in 
front of the gra(i llg hy indiea ting th e a pproxima te num
hrr of timC':-- per ,;econd that the (ra il \l" fü, interrup ted for 
tho,;e camera,; " ·hich were equ ipped \Yi t h a shutter . 

Reproduct ions of fo ur of the mcteor spec tra appcar in 
Figures l to 4 . T he fi gures a re a il a rra nged with increas
ing wavelength to t he right Lo fac ilita te compari sons. 
\YaYclength markers appear a t th e edges of the figures. 
In Figure,; 1 and 4 the direct ion of motion of the meteo r 
is tO\rnrd the top of the fi gure ,Yhilc in Figures 2 a nd 3 
the direction of t he rn eteo r's motion is towa rd t he bottom 
of t he figure. 

Figure 1. Exposurc T570. This shO\\·s the first-order 
spectrum a nd the blue end of t he second-order spectrurn 
of a spectacular P erseid metcor wi th numerous fl a res. 
Yariat ions along the lcngth of the t rail represen t Yaria
tions in the lurnin osity of the meteor as the camera which 
took this photograph had no occulting shutter. Arnong 
the strongest lines in the spcctrum arc the follo\Ying , 
frorn lcft to r ight: t he K and H lines of Ca II in the first 
order at 3933 and 3968 A rcspectively; À4-!81, due pri
marily to ::\Ig II ; a strong pair at 5170 and 51 3 A du e to 
::\Ig I , with some blending from F e I ; the sodium D lines 
near 5893 A ; a pa ir of lines due to Si II at 6347 and 
6371 A ; and t he Haline of hydrogen at 6562 A. To the 
right, the lines of K and H domina tc the second-order 
spcctrum . 

T his is meteor spectrum number 275 in l\I illman's 
(1959b) world li st of meteor spectra. lt pro,·ed to be t he 
most useful of t he group of fi yc meteors under considcra
tion .• \. total of seven spec t rographs photograph ed at 
lea,-;t a portion of t he speet rum . E xpo:-,ure r570 showed 
some infrared fcatures, a lth ough unfo r tuna tely rnost of 
the infrared rcgion lay just oubiÎde the fi eld of the camera. 
Camera '\YY, using a \"Cry fast, low-dispersion system, 
recordecl t he auroral green line at 5577 A. The oth er 
:--pectrogram,; did not record a ny lines no t detccted on 
cxpo:--urr T570. 

Figure 2. Expo,;urc 8 766. Th e fi gure shows th e ,;cconcl
nrcler :-,pcct ru m in t he blur region only. Th e strong pair 
of linc,-; arc again the JI an d K lin c,; of C'a II while the 
strong linc at t he righ t i,; À-148 1 of ~Ig JT . The bla ze of 
thr µ;rnting i:-- :--uch t hat t he blue end of the second order 
ha,, high intrn,;ity but t he effi ciency drops rnpidly in the 
region ju:-,( bryoncl -L300 .\ , \\·hcrc rn cteor spec tra contnin 
110 "tro11g line:--. Th r termi nal fl a rc of Lhi s m cleor ,rns 
likrl)· the hrigh test of the group, bu t the fir,;t-ord er por
tion of the ,-pectrogram ha,- genera lly infc ri or definition. 
The :,('('OJHI order , rp produced in F igure 2, ha,; excellent 

defini tion be tween 3 50 A a nd 4500 .\ . The strong in
tensity a nd high dispersion made t his a valuahle, pectro
grarn for deta il e<l stucly of thi s 1\-a \·eleng th rcgion. 

Fig ure 3. Exposure I-115 2. Thi s i,; one of th e hest in
fra rcd spectrograms in existence a nd 1-,hows e:-;sentially 
a il strong linos in t his region that haYe been identified 
in rn cteor spec tra. Th e sensitivity of th e infra rccl ernul
sion is high in the blue-Yiolet region a nd also in the in
frared, but is quite low in the green, yellow, orange and 
red regions. This causes the effec ti rn spli tting of the 
spec trum into t\Yo par t , the first-order blue-Yiolet region 
at the left, dominated hy the H a nd K lines, and t he 
first-order infrared regi on a t the righ t which i. O\" erlapped 
with the . econd-order blue-Yiolet. Th e strong triplet of 
lines near the righ t consi ts of the infrared oxygen line 
at 7774 A a nd the second-ord er H and K lines. X ote the 
greater strength of the oxygen line a t the top of t he 
figure before the strong flare which brings up the H and 
K lin e . Except for H and K, a ll lines of even moderate 
intensity in the right -ha nd portion of the figure are in
frared lines rather than second-ord er violet lin e . The 
sensitivity in t he YisuaJ region is o low that the intense 
X a D lin e a re barely detec ta ble on th e original nega tive. 

Figure 4- Expo ure A67 . This spectrogram (and im
ila rly exposure B668) was secured on I~odak pectro
scopic I-D emulsion on glas pla tes. The camera focal 
length \\·as 12 inches compared with 8 inche for Figure 
1 to 3. Becau e of different emulsion sensitiYity curves 
this spec trum pro\·ed pa rti cularly useful in th e yellow 
to rcd regions. Only the firs t ord er i reproduced. The 
strong lin es can readily be ma tched \\"ith t he i:;tronge t 
featurcs in Figure 1. 

Measurem ent of the Spectrograms 

The spectrograrns 1\·erc m easured in a rneasuring 
cngin e reading t o an accuraey of 1 mi cron , a lthough 
errors in se tting will norma lly exceed this value. Pre
liminary wavelengths were obtaincd by linear inter
polat ion between two waYelengths chof-en near the end 
of the spect ral region under measurement. A correc tion 
cun-e ,ms th en dra1Yn up from th e obsen-ed difference.:; 
between the,;e n1lues a nd th e la boratory Yalu es for ma ny 
of th e ,-(ronger lin e:-;, and correc tions read from thi s curYe 
\rere th en appli ed to all preliminary Ya lue,;. Th e spec tro
gram s haYc suffi ciently high disper:-; ion a nd st rong enough 
int ensi ty to make this proccs,; ea;; ier to a pply a nd more 
nccura te tha n is usunlly th e ca. e in cl ca ling 1Yith foin ter 
spectm of low dispersion, wh erc hl ending of ;;pec tral 
lin e;; i,; more serious. 

F or linc;; hrlow 4500 A the seco ncl-order :-;pcc t ra 1\·cre 
gcnerally more useful than t he fir ,;t-orcl er and 1rerc gi,·en 
high er 11·e ight in fo rming a l"erage \lilYelengt hs wh en the 
sarn e line was measured in bo th ord ers. "\Yhen clo,;e line 
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wer blended in the first order, but were resolved in the 
second order, the econd-order measurem ent · were adop
ted. Faint line. were sometimes measurable in the fir t 
order but not in the seco nd. 

After the measurement had been completed it was 
found that a number of very faint lines could be detected 
on enlarged posit ive prints which were too faint to :ee 
with the measuring engine. These line. often stand out 
most clearly by sighting along the pri nt at a :mail angle 
to the plane of the paper. Approximate wavelengths 

were obtained for these lines by interpolation between 
nearby features using a millimeter seale and est imat ing 
distances on the enlargements to 0.1 mm. Additional e,·i
dence for the presence of these faint lines was often avail
able from microphotometer tracings of exposure T570. 

The measured ,rnvelengths and the adopted identi
fication s are .-ho,Yn in Table 2. The results are pre. ented 
in detail in the hope that the table may serve as a con
venient reference for identifications in the spectra of other 
fast meteors. 

TABLE 2.- tl'fEASURED \ \TAVELENGTHS AND JDENTIFICATIONS 

À meas 

36 3 

3706.1 

3i19.0 
3726 
3i34 .4 

3746.2 

3762 

379 .8 

3815.0 
3 20 
3826.3 

3829 
3832 

3 37.6 
3856 

3859.2 
3865 

:3 72 .7 
3877.9 

3886.4 
3896 

3 99.2 
3906 

3919 

3923.6 
3934.3 
396 .6 

400-1. 
4021.5 
4031.l 
4033.4 
403-t.8 
4040.5 
4046.0 
405 .5 
4063 .8 
4067.7 

Atom or 
Ion 

Fe I 

Fe I 
Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

Fe I 
Fe I 

Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Mgl 
:tllg I 
Fe I 
l\Ig I 
Si II 
Fe I 
Fe I 
Si II 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Si I 
Fe I 
Fe I 
Fe I 
Fe I 
Ca II 
Ca II 
Fe I 
Fe I 
Fe I 
Mul 
Mn! 
:\1n I 
Mnl 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

Mul t. 

5 

21 
5 

21 
5 

21 
5 

21 
5 

21 
21 

21 

45 
20 
20 
45 

:3 
3 

20 
3 
1 
4 
4 
1 

20 
20 
4 

20 
4 
4 

20 
4 
3 
4 
4 

20 
4 
1 
l 

43 
43 

278 
2 
2 
2 
5 

43 
558 
43 

358 
559 

À Jnb 

3679.9 
3683.1 
3687.5 
3705.6 
3707.8 
3709.2 
3719.9 
3727.6 
3737.1 
3734.9 
3745.6 
3748 .3 
3749.5 
3758.2 
3763.8 
3767.2 
3795.0 
3798.5 
3799.5 
3815.8 
3820.4 
3825.9 
3827.8 
3829.4 
3832.3 
3834.2 
3838.:3 
3856.0 
3856.4 
3859.9 
:3862. 6 
:3865.5 
3872.5 
:3878 .6 
3878 .0 
3886.3 
3895.7 
3898.0 
3899 .7 
3905.5 
3906.5 
3920.:3 
3917.2 
3922.9 
3933.7 
3968.5 
3969 .:3 
4005.2 
4021. 9 
4030.8 
4033 . l 
4034.8 
4041.4 
40-15 .8 
4058.2 
4063.6 
4067 .0 
4068 .0 

Camera 

s 
s 

s 

s 

s 
s 
s 
s 

s 
s 

À mco.e 

4072.0 

4077 .3 

4083.8 

4106.3 
4109.5 

4118.7 
4128.6 
4131. 3 

4143 .7 

4154.6 

4167.5 
4174.0 

4178 
4181.8 
4184 .4 
4187.7 

4HJ1.5 
4195.5 

4198.7 

4202.0 
4206.4 
4211 
4216.2 

4222.7 
4226.!J 

4233 . 1 

4235.8 
4246 .5 
4250.7 

4254.5 
4258.2 
4260.5 
4268 .0 
4271 . 6 

Atom or 
Ion 

Fe I 
OIi 
Sr II 
0 II 
Fe I 
Mn! 

Fe I 
Fe I 
Fe I 
N I 
Fe I 
Fe I 
Si II 
Si II 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Mg! 
Fe I 

Fe I 
Fe II 
Fell 
Fe I 
Fe I 
Fe 1 

Fe I 
Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Sr II 
Fe I 
Ca I 
Fel 
Fe II 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Cr! 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

:tl[ult. 

43 
10 

l 
10 

558 
5 

559 
698 
354 

10 
357 
801 

3 
3 

43 
43 

523 
354 
:355 
694 
695 

15 
H) 

354 
27 
28 

354 
355 
152 

152 
693 

152 
522 
42 

:3 
152 

:3 
l 

152 
2 

69:3 
27 

:3 
152 
152 
693 

42 
152 

l 
3 

152 
482 
42 

152 

À !ab 

4071. 7 
4072.2 
4077. 7 
4075 .9 
4076.6 
4082.9 
4083 .6 
4085.3 
4084.5 
4107 .5 
4110.0 
4109 .8 
4118 .5 
412 .1 
4130.9 
4132.1 
414:3. 9 
4143.4 
4156.8 
4154.5 
4154.8 
4153.9 
4167.3 
4172.7 
4174.9 
4175.6 
4173.4 
4178 .9 
4181. 8 
4184.9 
4187 .0 
4187.8 
4191 .4 
4195.3 
4196 .2 
4198.3 
,1199 . 1 
4202.0 
4206.7 
4210.4 
4216.2 
-1215.5 
4222.2 
4226.7 
·l227 . 4 
423:3. 2 
4232 .7 
423:3. 6 
-1235.9 
4247.4 
4250.8 
4250.1 
-1254.:3 
4258.:3 
4260.5 
4267.8 
4271.8 
4271. 2 

Camera 

s 

s 
s 

s 
s 

s 
s 

s 
s 



10 PL'IlLlC\TI0::-;-8 OF THE DO'.\rr::-;ro.N OB 'ERVATORY 

T\Hl.t 2. '.\[f; \Sl"RED \Y.\ n : r.E:s<:T11s ,\:S D lDEVrIFl<'.\TIO:s,;- Conli1111cd 

= 
,\ tom or .\t om or 

À Olf>l\1 ]011 '.\I ult. ;,_ hl, Canwra À 1111':l'l Ion \Iult. À hh Camera 
---

-12ï-l .1' C'r 1 l:2ï -l .8 -l5ï 1. 1 '.\Iµ; J 1 15ïl. 1 
-!282. 1 FP I ïl 1282 .-1 158:l. 1 Fe• II :3ï 15 ~-

Car .5 -128:3 .0 FP Il :{ I,'> ;3. 
-128!1. Cr l l -128!1.ï s Ca 1 2:3 ~.) 1. 1 

Ca I 5 428\1. -1 1.5 5 . !J 
-12!11 .ï Fe I 3, H -12!)1 .5 s -1601 Fe I ;3() lü02. !) 
-12\1-1.1 Fc- I -li -12!1-l . 1 X JI 5 -1601 . .5 
-12!1\J . 1 Fe I 152 -12!)!1.2 -lG06 ::-; II 5 IO0ï . 2 

Ca [ 5 42\J\). 0 Sr I 2 -l60ï . :3 
-1:;o:i C'a I 5 -t:302 . .5 l61!J.5 .Fe I 21 16Hl.:3 

Fe II 2ï --no:i.2 Fe II 38 -1620 . 5 
-1:rn8.0 FP I -12 -1:ioï. n X Il 5 1621 . -1 

Ca I .') -1:rnï . ï --15:30.0 Fe II 3ï IG2!1.:l 
-t:lt.5.1 FP I ïl -1:lJ.5 . 1 xn 5 rn:30 _.5 

F<' I[ 32 .i:31-l.:l 45;35 F<' l 55--1 16:lï . .5 
J:318 Oll 2 -131 ï . 1 Fe I 22 46:l .0 

--l31!J.û --16--12- 1651 OII 16-11. 
Ca I 5 -1318 . ï --16--1!1 . 1 

-1:325.8 Fe I -12 --1:325.8 --1650. 
--1:ns.5 b HI 1 43-10.5 X Il 5 -16-t:l . l 

Fe I 41 4:3:37.0 Fe I --10\J -16-lï . -1 
Crl 22 .13:in..1 4666. ï Fe I 55-l -166 . l 

-1:3H.ï Crl 22 -1:l-l -L5 Fe I t.: 22 -l66ï.5 
n.51 . l '.\T µ; I 1--1 -1:351 . 0 Fe II :n -l66{i . 

Fe I il 1:3.52. ï H.iïû OII l 16ï:L 
Fe Il 2ï -1:351. J6ï{i .2 
on 2 -t:HU.4 --lû!ll Fe I JO!) 46!)1 . -l 
Cr [ 22 -1351 .8 -lï02.!J '.\lg I li -lï0:l.0 

4:368. û or 5 4368.3 Fe I 21 -lï05 . 0 
Fe I -l l -l36ï.\l --lï:33.ï Fe I ;3 -lï:3:l . û 
Fe II 28 -i:rn!l.-1 432:3. ï '.\ln I 16 -l 2:3..5 

-1:3ï6. l Fe 1 2 -i:n5.!l 4861 . 2 H I J -1861. :i 
-1:is:i .G Fe 1 ·H -13 ;3 . .'i Fe I :l i -185\1 .ï 

'.\lg II 10 ·t:381.6 48ï0 . . 5 Fe I :H 1 ï 1.:i 
-l:389 .6 Fe I 2 -i:38!J.2 -18ï2. 1 

'.\[g lI 10 -1390.6 --l !J 1. :3 Fe I ;31 -18!)0.8 
l-l0-1. ï Fe I -Il --14tH .8 -18!) 1. 5 
H0!J.ï Fe I 6 -1-!0ï.ï s •1!12:3. 5 Fe I 31 rnrn .o 

-l-108 . -l 1!)20 .5 
--1-115. :i \\" Fe I -Il -l-115. l Fe Il --12 -102:3 . !J 

Fe Il 2ï --1--ll(LS 49-10 Fe I 16 -l!l:l!l . ï 
OII 5 -l-11-1 .!) Fe I :31 -1\):3 

44 l ï .0 4!J5ï.6 Fe I :3J -l!l5ï .:l 
4-122 Fe I 350 4-122.6 -l95ï . 6 
4-127.-1 Fe I 2 -l--12ï .3 19(iï Fe I 68ï 4966.1 

'.\Ig; II \) 4-128 . 0 OI J-l -ltl6ï . ·l 
4-n ! Ca I --1 -1-1:35 _() I\Hiï . !J 

-1-1:35.ï -l\lü8 . 
Fe I 2 1-1 :3.5_ 2 --1!)8 l.l Fe I :3 1 IUS.ï.li 
'.\Ig II !) -!-l'.ll.O Fl' I H81 l!I 5.:3 

J-112. ï Fe I (i8 1-1-12 . :3 Fe I l()(j{j 1\1 :3 . \) 
Fel :350 -1-l-l'.l. 2 Fel lüliï l!I 2 . 5 

-1-1-lï Fe I (i8 -1-1-lï . ï -l\18:l . :3 
X II 15 4-l-lï .0 5005.ü b Fe I :llS 5001i. l 

-l-15,5 . l Ca I --1 -1-1.5-l. Fe I \lli5 5001 .\l 
-1--155 .!l Fe I !18-l 5005. ï 
-l-156.6 X II HJ .'i00l. 1 

Fe I :350 -l-l.5-1.-l 500 1 .• 1 
l ltil .• ', Fe• f 2 -1-!Gl . ï X ll l\l, G-1 500.'> . I 
J lti8 F<' l :3.'i0 -l-ltili.ü 3012 Fl' I 1(\ .'>012 . 1 

l-lG!l .-1 l•'e 1 tlû5 .'i0l,1 .0 
-1-lï,i. 1 Fe· I :\,'i0 -1-lîG. 0 ~ X l[ l .')010.(i 
J--181.:l .\lg; II --1 -l-l8l. 1 50 1\J.(J F<' l [ 12 ,'>018 . J 

-1-181 .'.l 01 l :3 501 .8 
Fe• 1 :2 -l-l, :2 . 2 50JH. :3 

J 18!1.:l Fe 1 2 l-18!1. ï 5020 . 1 
_F{' 11 :3ï -1-18\1.:2 5031 FP 1 ,>8,5 ,',O:m ., 

-l-1\1:l.(; Fe 1 08 -1--1\JI .(i F<' I 1 J.50 .10:31. !I 
FP If :3ï -l-l!ll . 1 5012.2 w Hi II ,) ,10-11 . 1 

l.i22 Fe• II :lï -1520.:2 Fe• I l{i ,i0-l l . 1 
FP II :is l.'>22 . li F<· 1 :l(i ,i0-11 .8 

l.i:!is F" 1 (i8 l.'i28 . li X Il 1 :,0-1.j . 1 
l.i l!I . -; FP 11 :is 1.-; 1!1 .. ; ;j().j( i. ï Hi Il ;j ."',0.ili . ll 
l.'i.'i.) :1 F, , Il -,-

·) / \.'°).'j.j . !I .--ill,'ili . l 
Ball 1 J,5,i 1. 0 50ï:J Fel 1 IJ!l 1 ,j()ï l. ,' 
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TABl,E 2.-;\fEM\URED \YA \'ELENGTIIS AND lDENTIFIC'ATION f\ Conl imted 

Atom or Atom or 
À IO('R'J Ion l\Iult. À lab Camera À lll('tl!! Ion i.\fult. À lnh Camera 

5110.9 Fe I 1 5110.4 Ba I 2 55:35 . ,5 
51-ll.0 Fe l 16 51-12 .9 557 l. 6 Fe I !i86 5569.6 

Fe I 383 5139 . :3 55ï2.9 
513!) .5 5577 01 3F 5577 .4 WY 

5152 )fa I 5l4 5587 .6 Fe I 686 5586 .8 
5 l53 .4 Ca I 21 5588 .8 

Fe I 16 5150 .8 5600.n b Ca I 21 559-l .5 
5151. 9 5598 .5 

516 .5 ;\ [ g I 2 5167 .3 A 5601. 3 
Fe I 1 5166 .3 5602. 

5168 .9 Fel 686 5603 .0 
Fel 37 5167 .5 5615 .4 Fe l 686 5615 .7 
Fe II 42 5169 .0 5624 .0 Fel 686 5624.5 

5lï3. l i\ Ig I 2 5172 .7 A 5657 .2 Fe I 686 5658 .8 
Fe I 36 5171. 6 Fel 1107, 1314 5655.5 

518:L7 ~ fg I 2 5183 .6 5665 .9 NII 3 5666 .6 
5 l94 Fe I 36 519-l .9 Si I 10 5665 .6 

Fe I 383 5Hll.5 5679 .2 II 3 5676.0 
5192.4 5679 .6 

Fe I 10!)2 5195.5 5685.3 Na! 6 5682.6 
5205 .3 Fe I l 520-l.6 5688 .2 

Fe I 66 5202 .3 NII 3 5686 .2 
Crl 7 5204 .5 Si I 11 568-l.5 

5206.0 5709 . 1 Fe I 686 5709.4 
5208 .4 NII 3 5710.8 

5214.3 Fe I 36 5216 .3 i I 10 5708 .4 
Fe I 553 52 15.2 5762.l Fe I 1107 5763 .0 

5217.4 5890.0 Nal 1 5890.0 
5227 .9- 5895.9 Nal 1 5895 .9 
5235 \\' Fe I 37 5227.2 5942 NII 28 5941. 7 

Fel 383 5226 .9 5957.9 Si II 4 5957.6 
5232 .9 01 23 5958 .5 

Fe I 553, 1090 5229 .9 5!)58 .6 
Fe II 49 523-l .6 5978 .9 Si II 4 5979 .0 

5270.2 Fe I 15 5269 .5 600j NI 16 5999.5 
Fe I 37 5270.4 6008.5 
Fe I 383 5266 .6 6027 Fe I 101 6027 .1 A 
Fe II 49 5276 .0 Fe I 1178 6024 .1 
Ca I 22 5270.3 6102 .7 Ca I 3 6102 . 7 A 

5302 .6 Fe I 553 5302.3 6120 .9 Ca I 3 6122 .2 
5317 .4 Fe II 48 5316.8 6138 Fe I 169 6136.6 A 

Fe II 49 5316.6 Fe I 207 6137.7 
532 .0 Fel 15 5328 .0 6157 .8 01 10 6156 .0 

Fel 37 5328 .5 6156 .8 
Fe l 553 5324.2 6158 .2 
01 12 5329 .0 Na l 5 6154 .2 

5329 .6 6160.7 
5330 .7 6167 .8 b Ca I 3 6162 .2 

5340 .0 Fe l 37 5341.0 Ca I 20 6 l66 .4 
Fe I 553 5339 .9 6169.l 

5371. 3 Fe l 15 5371.5 6169 .6 
Fe l 1146 5367.5 6192 Fe I 16!) 6191 .6 ,\ 

5370.0 6203 Fe I 207 6200 .3 A 
5383.0 Fe I 1146 5383 .4 62W Fe I 207 6230 .7 n 
539 .0 Fe I 15 5397 .1 6247 .5 Fe I 169 6252 .6 
5-105.-l Fe I 15 5405 .8 Fe I 816 6246 .3 

Fe I 1165 5-104 . l Fe II 74 6247.6 
5-ll-l.6 Fe I 1165 5415.2 6301 Fel 8L6 6301 .5 B 

Fe II 48 5414 . l 6319 Fe I 168 6:318.0 A 
5423 .7 Fe I 1146 5-124 . 1 Mgl 2:3 6:318.5 
5430 .0 b Fe I 15 5429 .7 6337 .9 Fe I 62 6335.3 

54:34 .5 Fe I 8lli G:3:rn .8 
or 11 5-1:35 .2 63-17.6 Si II 2 6:3-17 . 1 

5-135 . li358 . l Fe I 1:3 li358 .7 
5-136 .8 6:Hl .3 Si II 2 6:37 l. -l 

5-l-lG .7 Fe I 15 5446 .9 6398 .5 Fe I 168 6393.6 
Fe I 1163 5-145.0 Fe I 816 6400.0 

5455.0 Fe l 15 5455 .6 6422 Fe I 111 6-l2l .-l s 
5-lti:3 . l Fel 1163 5463 .0 6-l:38.8 Ca I 18 64:3!1 . l 

5463.3 6-155.9 Fe II 7-l 6-156 . -1 
5476.5 Fe I 1062 5476 .6 01 \) 6-15:l .!i 
5505 .7 Fe I 15 5501. 5 li-15-1 . ,'i 

5506.8 li-156 .0 
552 .6 b i\Tg I !J 5.528 .4 li-162 .2 F'l' I 168 6-162 . 7 

Fe 11 55 5534 .\J Ca I 18 6·162.6 
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TABLE 2. - :.!EASl"RED WAVELE:--IGTIIS A:-D loENT(FICATIO:--l fi-Concluded 

6-183.6 

6c!95.3 b 

6525 
65,16 
6562.8 
65ï 1. ï 
659cl.5 

6680 
6ïlï.l 
6ï52 
7➔23.7 
ïcl42.l 
ï468 .0 

Atorn or 
I on 

:-,; I 

:N II 
Fe I 
Fe I 
Ca I 

Ba I 
Ba 1 
Fe I 
HI 
Ca I 
Fe I 
Ba I 
Fe I 
Ca I 
Fe I 
XI 
XI 
:NI 

:.luit. 

21 

n 
168 
18 

6 
6 

26 
1 
l 

268 
6 

268 
:32 

ll l 
:3 
3 
3 

À lah 

6-182 . ï 
6c!83.8 
6-18-l.9 
6482.0 
6-19!).0 
6-195 .0 
549:3 .8 
6499.6 
6cl98.8 
6527. :3 
6546.2 
6562.8 
65ï2 .8 
6592.9 
65%.3 
66ï8.0 
6717.7 
6ï50.2 
7423.6 
7442.:3 
7468.3 

Camera 

A 

s 
u 
u 
u 

À mcas 

77ï3 .9 

8186 .9 

82 15.3 

8244 
8-146.9 

8498 
8542.2 
8592 
86:30. 2 
8663 
8683 .-l 

8710.2 

Atom or 
Ion :'.Iull. À lsb Camera 

OI 1 ïïï2.0 H 
7ï74.2 
7ïï5.4 

XI 2 818-l.8 li 
8188 .0 

:NI 2 210.6 H 
216.3 

8223.l 
XI 2 242.3 H 
01 4 446.-l H 

8446.8 
Ca II 2 8498.0 H 
Ca II 2 5-12. l H 
NI 8594.0 H 
:N I 8629.2 H 
Ca II 2 662.l H 
NI 1 8680 .2 H 

8683.3 
8686.1 

XI 1 870:3 . 2 H 
8711. 7 
8718.8 

b - feature noticeably broad. w - wing observed on red side of feature. 

The table is arranged in order of increasing waYe
length. Column 1 shows the measured wavelength of 
each feature. It is quoted to 0.1 A. when it is dcrived from 
accurate measurement, and to the nearest whole Ang
strom unit when it is derivcd from measurement of the 
po iti\•e prints. Other columns list the identification for 
each feature, showing the atom or ion concerned, the 
multiplet number, and the laboratory wavelength, 
obtained from J-1 .lfultiplet Table of Astrophysical Inlerest 
(Moore 1945). Frcquently t,,·o or more lines are expected 
contributors to a single feature. The M.f.T. Wavelenglh 
Tables (Harrison 1939) were also found uscful for judging 
relative intern;ities of many lincs. 

~Iost of the mcasurcd waveleugth:; arr based on 
measure:-nents of spectrogrnm T570 . Certain faint lincs 
\\·ere detected only in :;orne of the other :;pectra, some 
line:; were resolvecl on S766 which were blendecl on T570, 
and the infrarecl lines depend on U570 and Hl582. An 
entry in the final column indicates that the measured 
wanlenglh is deri\"Cd from a spectrogram other than 
T570 . For example, the triplet due to manganesc near 
4030 A was blended on T570 but resoh·ed into its thrcc 
components in the second order of S766. Thi:; represents 
the highest resolution achieved; the separation of the 
t\\·o ,,·cakrr eomponent:; is only 1.3 A, which corres
pond;.; to a rr;;olution of 35 linrs per mm on the original 
film . 

Discussion of Identifications 

~inC'e any cletailed li;.;t of laboratory waYelengths \Yill 
contain :,;enral lines more clo;.;cly spaced than the best 

resolution achieved on these spectrograms, the method 
of selecting the identifications to list for each feature i 
by no means straightforward. The identifications refleet, 
to a eonsiderable degree, the prcvious expcrience and 
the judgment of the particular investigator. Differences 
of opinion are likely to exist among different investi
gators, particularly in the case of very ,,·eak line 
whieh have been recorcled on one or only a very few 
spectrograms. 

Table 2 eontains many entries, both mea.-urcd wave
lengths and multiplet identifications, which have not 
been ]i:;ted previously in mcteor speetra. Sorne of the ·e 
identifications arc admittedly doubtful. On the other 
hand the dispersion and rcsolution of these spectro
grams ha:; seldom bcen equalled or surpassed in earlirr 
investigation:;, A eomparison of ob;.;ernd and laboratory 
wavelengths in Table 2 indicates that, for unblended 
feature:-;, the errors of measurement are only a few tenths 
of an Angstrom, \\·hich i:; of great he lp in ehoosing identi
fications compared with many earlier :;peclra in \Yhich the 
errors were often from 1 to 3 Ang:-;troms. For the lines in 
Table 2 that are quotecl to the ncarest Angstrom, ho\\"
ever, the errors may again be from 1 to 3 .\. 

Table 2 lists 229 separate featurcs, and the identifica
tions include 458 separate lines as expectcd contributors. 
T\\"eh·e chcmical elcments arr includecl in the atomic 
:;tate and eight of them arc also listecl in the first :-;tagc 
of ionization. ln ail, 160 different multiplets are Îln-olnd 
and these ha,·e been collectecl in Table 3, ,,·here the ele
ments are arranged in order of increasing atomic weighL 
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TABLE 3.- 1\1 LTIPLET IDENT!FIED IN TABLE 2. 

Atom or Ion 

HI 
I 

NII 
OI 
on 
Xa I 
~lg I 
l\Ig II 

i I 
Si II 
Ca I 
Ca II 
CrI 
l\In I 
Fe I 

Fe II 
r I 

Sr II 
Ba I 
Ba II 

Multiplets 

1 
I, 2, 3, , 10, 16, 21 
3, 4, 5, 8, 15, 19, 28, 64 
1, 4, 5, 9, 10, 11, 12, 13, 14, 23, 3F 
1, 2, 5, 10 
1, 5, 6, 8 
1, 2, 3, 9, ll, 1-J., 15, 23 
4, 9, 10 
3, 10, 11 
1, 2, 3, 4, 5 
1, 2, 3, 4, 5, 18, 20, 21, 22, 23, 32 
1, 2 
1, 7, 22 
2, 5, 16 
1, 2, 3, 4, 5, 13, 15, 16, 19, 20, 21, 36, 37, 38, 39, 
41, 42, 43, 45, 62, 66, 68, 71, 111, 152, 168, 169, 
207, 268, 27, 318, 350, 354, 355, 357, 358, 383, 
409, 482, 522, 523, 553, 554, 558, 559, 585, 686, 
687, 693, 69.J., 695, 698, 801, 816, 821, 822, 965, 
984, 1018, 1062, 1066, 1067, 1090, 1092, 1094, 1107, 
11-1.6, 1150, 1163, 1165, 1178, 1314 
27, 28, 32, 37, 38, 42, 48, 49, 55, 74 
2 
1 
2, 6 
1 

Sorne of the multiplets are represented only as partial 
contributor. to a single blended feature. In such case , 
or even when it is a suspected contributor to several 
features or the only contributor to an extremely weak 
line, the pre ence of the multiplet may be considered 
doubtful. Table 4 lists 41 multiplets which, on this basis, 
are con idered to be the doubtful entrie. in Table 3. 

umerous lists of line and multiplet identifications in 
meteor spectra have been published. Among them, ones 
published by Millman (1953, 1956, 1961) and by Russell 
(1960) are perhaps the mo. t useful for purposes of 
companson. 

TABLE 4.-DOUBTFUL MULTIPLET IDENTIFICATIONS 

Atom or Ion 

I 
II 

OI 
OIi 
Na I 
MgI 
Mg II 
Si I 
Ca I 
Fe I 

Fe II 
r I 

Ba I 
Ba II 

10 
4, 19, 64 
13 
5, 10 
8 
23 
9, 10 
3, 10, 11 
20, 23 

Multiplets 

62, 66, lll, 358, 482, 554, 585, 687, 694, 695, 698, 
821, 822, 1018, 1066, 1090, 1092, 1314 
32, 48, 55 
2 
2, 6 
1 

In the detailed di eus ion below, particular attention is 
directed to those identifications which involve an atom 
or ion not previously identified in meteor pectra. Many 
of the new multiplets in Table 2 are additional multi-

plets of a.toms who ·e pre ence was already well estab
lished in othcr spectra and it was to be expected that 
more intense spcctra with improved re ·olution would 
add ignificantly to the number of multiplets. Thi . is 
particularly true of atomic iron, which has such a com
plex spectrum, and which has already accounted for the 
identification of a majority of lines in prcviow; meteor 
spectra. No particular jw,tification i · required, therefore, 
for the addition of a multiplet such a Fe I, 1146, which 
contributes two unblended lines and one blended Jine 
in spectrum T570. 

On the other band, very careful consideration i re
quired before adding a new atom to the list. This hould 
include consideration not only of the measured lines to 
be attributed to the atom, but also a reasonable explana
tion for not observing other equally strong lines of the 
spectrum if such lines exist. Furthermore, the possible 
presence of the atom in observable quantities in meteors 
(or the upper atmosphere) should be considered. Some
what less strict considerations apply before adding to the 
list of identifications lines that are due to the first ionized 
stage of an atom known to be present in the neutral 
state. With these criteria in mind, attention will now be 
given to each atom or ion identified, and later to some 
others which remain undetected. 

H I. The Ha line was first identified by Millman 
(1953). Hr, and H-y are also contributors to these Perseid 
spectra. 

NI. The strong infrared multiplets identified by Mill
man (1953) and Millman and Halliday (1961) are found, 
as well as a few others in the visible region. 

NI I. One of the most interesting results of this analysis 
is the identification of lines due to ionized nitrogen. A 
line of moderate strength at 5679 A is observable on 
both T570 and A678 and is identified a· t-5679.56 due to 
multiplet 3 of N II. A weaker member of the same 
multiplet at 5676.02 A probably also contributes to the 
arne feature. No other reasonable identification is avail

able for this feature. A microphotorneter trace of T570, 
on a linear intensity scale, is shown in Figure 5, which 
shows that À.5679 is well separated from the feature near 
5685 A (which is largely due to sodium but should also 
contain another line of N II, 3 and possibly a line of 
neu tral silicon). 

Ionized nitrogen is listed as a contributor to 15 features 
in Table 2. In only 2 cases, ÀÀ.5679 and 5942, is it the 
only identification listed for the feature, but in several 
cases the line appears too intense to be accounted for 
entirely by the other contributors. Furthermore, there 
are no seriou omissions where a strong line of ~ II is 
known to exist but is lacking in the meteor spectra (ex
cept for À.3995 which is lost in the halation a.round the H 
and K lin es). 
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The prcscncc of molccular nitrogC'n in the atmosphrrc 
at mrtPor heighb i" wrll C'stablishrd, hcncc thrrC' is no 
problrm in accounting for the prcscnce of nitrogcn. 
:--tro11g Jinrs duc to 11eutral atomic· nitrogcn, as \\'ell as 
the fin,t positive group of band,; of molecular nitrogen, 
are obsetTed in meteor spectr:1. The significanl feaiurC' 
is the high excitation energies required for the lines of 
X II. They range from 20.6 ev to 23.1 ev for the upper 
,.;tates of the obserwd lines, with one other doubtful con
tributor a.t 27.8 ev. The;;e ,·a.lues, together " ·ith the lines 
of O II discus:,ed below, are much higher tha.n any pre
,·ious excitation energie , which went only as high a 
12 to 13 e,· for the Balmer hydrogen lin es and some of the 
Jines due to X I, 0 I, and Si II. 

<D a, "' 
<D r- CO 
<D <D <D 

"' "' "' 

1 

r-"---.. 

\/Vi~.f'. 
5660 70 80 90 

Figure 5. lntensity trace of N Il line al 5679 A, exposure T570 

The lines of X II arc observed in the terminal flares 
near the bottom of the trails, at hcights of about 80 km. 
At this height atmospheric nitrogen i in molecular form, 
so that the total encrgy rcquired to di sociate the mole
cule, ionize the atom, and excite the observed lines 
amounts to 45 ev. This is very high comparcd \\'Îth other 
lines obsernd in mcteor spectra but still represents only 
about 10 per cent of the kinetic energy of an anrage 
ntom from a fast metcor. In addition, it is possible that 
the dissociation, ionization, and excitation arc accom
plished by successive collisions of atmosphcric particles 
with meteor atoms rather than all by the initial collision. 

0 I . Strong lines of O I are obserYed in the infrared 
rcgion and seYeral weaker multiplets are identificd in 
the YÜmal rcgion. The auroral green line was observed on 
011c spcctrogra.m of spectrnm 275. Its presence in meteor 
spectrn has becn di"cussed preYiously (I-Ialliday 1960). 
The identification of O I, 10, at 6157 .A, rcsults from a 
comparison of the linc \Yith the Xa D lines on plates taken 
,,·ith the I-D cmulsion. The Tri-X and I-D emulsions 
>oth ha\'e sornc minor maxima and minima in their 

,;ensiti,·it~· C'lll'\'es in the rrd. Xear 6160 .\ the I -D emul-

sion i: . uperior to Tri-X bccause one of the maxima for 
the I-D emulsion is in this vicinity. The feature has somc
t imes becn attributcd to Xa I, 5, one of the doublets 
with 6 A :eparation which is centrcd almost cxactly on 
the more closely ·paced triplet of O I, 10. , orne of the 
spcctrograms which resol\'C Xa D show À6157 a.- a 
sharp line, indicating that the dominant contributor, in 
these cases at least, is O I, 10 rather than Xa I, 5. It 
may a.lso be noted that the line is comparati\'ely weak in 
the spectrn of ,,;lo,,·er mcteors where O I, 10 would not be 
expecLed because of it.- high excitation potential. 

0 II . SeYen feature · arc listed with lines of O II as 
contributors. The only unblended member of thi. group 
is a very wea.k line at 4676 A, due to O II, 1. The pre
sence of O II, 1 as well as X II, 5, is required to account 
for the width of a diffuse feature which extcnd from 
4642 to 4651 A. The presence of line due to O II is 
somewhat more difficult to cstabli ·h, owing to the blend
ing effect. of other lines, tha.n "·as the case for X II. The 
excitation energies for O II are slightly higher than for 
~ II , ranging from 22.9 to 2 .6 cv for the four multiplets 
listed in Table 3. The t\rn case. are sufficiently imilar, 
howevcr, that with the prescnce of X IIe. ta.blished, lines 
due to O II should definitely be expected. \\'hile oxygen 
i a less abundant atmo pheric constituent than nitro
gen, it must be expected that the meteor will contribute 
many oxygen atom that were present in silicate and 
other compounds in the meteor. 

Na I . The D lin es are strong in all cases and well 
re olved in some of these spectra. Three other multiplet. 
of ?\a I are contribu tors to blended fea.turcs. 

Jfg I . AU the usual multiplets of l\Ig I arc identified 
in these spectra. 

Jfg II. In addition to the very strong line at 44 1 A 
two other multiplets of :\Ig II are expected contributors. 

Si I. The presence of Si I line in these spectra remain 
doubtful, in spite of the prominence of i II. Three 
multiplets are listed as possibly prescnt but the ab,·ence 
of a line nea.r 4102 A, the location of multiplet 2, cast 
douht on the prescnce of the oiher Si I lines. 

Si II . Fi\'e pairs of Jines are identified with i II in
cluding the trong pair near 6350 A. 

Ca I . \Vhile 11 multiplets of Ca I are listed in Table 3 
only 2 or 3 of these arc at all prominent. ~Iost of the 
othcr multiplets are blended \l'ith lines duc to other 
clements. 

Ca II . The II and K lines of Ca II are much the strong
est lines in Perseid spectrn and are often so oYerexpo. cd 
as to make difficult the dctection of any other lines with
in 30 or 40 .\ . ~Iultiplc1 2 i,- prominent in the infrnrPd 
rcgion . 
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Cr I. hromium i ' a minor contributor to metcor 
pectrn but a fcw lin . of the ,.·lrongest multiplets are 
lefinilely prcseut. 

Mn I. A for Cr I, a fcw of the strongc t multiplets of 
11n I are oh erved. The triplet near 4030 is the mo t 
l!"Ominent feature due to Mn I. 

Fe I. Line of Fe I dominate the identification in 
tlmo. t ail metcor pectra. These spectra add many multi
>lcls not pr Yiously identificd, particularly among the 
ligher multiplet with number above 500. 

Fe II. orne moderately strong lines are due primarily 
:o Fe II and 10 multiplet are li ted in Table 3. Sorne of 
:hem are doubtful, and it i noted that the line of Fe II 
tppear to be involYed in blend more frequently t han 
.ines of most other atom or ions. 

Sr I. The trongest line of Sr I i ugge ted as a 
contributor to a weak feature at 4606 A. The other pos
sible contributor i a line of J II, 5, which, however, 
is li tcd with low enough inten ity that it would not be 
expected to show unless it were reinforced by some other 
line. The more certain identification of r II lend orne 
upport to the pre ence of r I. 

Sr II. The strong line at 4077 Ais pre ent in T570 and 
766. While two other contributors are li ted in Table 2, 

the precision of measurement, particularly in 766, indi
cates t hat the main contributor is Sr II, not Fe I or O II. 
The other trong line of Sr II, at 4215 A, i confused by 
the presence of a strong line at 4216 A due to Fe I, 3. 

Ba I and Ba II. Among the doubtful identification 
are two multiplet of Ba I and one of Ba II. The only line 
of barium which is not li ted as a blend is 6525 A, a 
very weak featurc ob erved on both A67 and S766. The 
wavelength agreement is only fair, a the uggested 
identification is the line of Ba I, 6, at 6527.3 A. The mag
ne ium line at 5528 Ai observed to have a wing on the 
red sicle which can be accounted for by a weak, and 
therefore doubtful, multiplet of Fe II, (number 55) or 
by the strong line of Ba I, 2, at 5535 A. The strongest 
line of Ba II, at 4554 A, is blended with one of the 
stronger lincs of Fe II at 4555 A and hence po itive 
identification of Ba II is lacking. 

Among the elements of higher atomic ,veight, how
ever, barium is perhaps the least surprising one to en
counter. Its location in the periodic table is analagou 
to the positions of magnesium, calcium, and , trontium, 
ail of which are present in meteor spectra. The abundances 
of barium determined in the olar atmosphere (Gold
berg, l\Iüller and Aller 1960) and in the pure ilicate por
tion. of meteorite (Krinov 1960) are less than the abund
ance of trontium by a factor of only 3, in spite of the 
con iderable difference in their atomic numbers. It is 
al o recalled that in a few stellar pectra the line of Ba II 

at 4554 A i. so slrong that the stars have bcen calkd 
Ba II tan, (Bidclman and Keenan, 1951 ). 

It is suggcstcd then, 1.lrnt barium may be prcsent in 
mcteor spectra although its prcscnce is not con. idered 
to be cslablished. 

Elements ot Detected 

A few comment are required regarding certain ele
ments whose presence was not detectcd in the e Perseid 
pectra. In this connection it is to be notcd that the de

finition of these spectra in the ultraviolet region, par
ticularly below 3 00 A, i not very good. In addition the 
transmission of the optic limit the observable spectrum, 
so that very little can be detected below 3700 A. Some 
meteor pectra, photographed with other instruments, 
have had superior definition and transmission in the 
ultraviolet region. As a result some line could be ident
ified in this region which are unobservable on our 
spectrogram . 

l o line of Al I were found in these spectra. The strong 
pair at 3944 and 3961 A are so close to the H and K lin es 
of Ca II that it is impo · ible to search for them near 
strong bursts where H and K are heavily overexposed. 
From weaker portion of the trails, however, it i possible 
to conclude that the lines of Al I, if pre ent, are not as 
strong as the strongest eight or ten lines of Fe I in the 
blue region. 

No features were found which required the presence 
of Co I or Ni I in these Perseid spectra. To some extent 
this may be due to the performance of the instruments in 
the ultraviolet region. Line of both Co I and Ni I would 
be expected from iron meteorites. Both have also been 
claimed at times in the pectra of shower meteors but 
uch identifications receive no upport from these intense 

and detailcd Perseid pectra. 

Among the element till unidentified in meteor 
spectra, yet which might be expected to have reasonable 
abundance , are phosphoru , sulphur and potassium. 
The trong lines of neutral phosphorus are ail in the 
infrared, beyond the limit of the emulsions used for 
meteors. Sulphur would not be detected easily, but 
multiplet 2, near 4695 A, should be kept in mind . The 
strong doublet of neutral potassium is near 7700 A, which 
is an accessible region of the spcctrum, but one which 
may be confused by the second-order ultraYiolet lines 
until filters are used to eliminate the second order. The 
other possible doublet is so close to the Fe I line at 4045 A 
that iL would require somewhat higher dispersion than 
has yet been achieved to detect the presence of com
parati vely weak potassium lines. 

The lines and bands of nitrogen which are observed in 
meteor spectra represent an atmospheric constituent 
excited by the pa sage of the meteor. Sorne fraction of 
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the oxygen radiation " ·ill abo be due to atmospheric 
ox_ygcn. \\ïth cmul,.;ion,; extending \\·ell into the red the 
,;(rong lithium line at 6ï07 .--\ might he found if a cnreful 
:-scarc-h is made i11 thi:-- region . 

Concl usions 

Thr identification,; li:--tc·d in Table:- 2 and 3 haYc hPcn 
eompilcd from fi,·e PPl':--Pid mcteor sprctra. They should 
prove cqually useful in the nnalysis of the ,;pectra of 
other fm:t meteors. For ,;lo,,· meteor. many of these 
features will not be obscrnd, particularly lincs from 
ionized atoms and those lines from ncutral atoms ,,·hich 
require excitation energies greater than about 7 ev. 
Essentially ail the lines found in 8low meteor., howe,·cr, 
are also found in fast mcteors, hence by dropping the 
high-excitation lines the prcscnt table should also prove 
useful for slow meteors. 

Future additions to this list are likely to arise from the 
following sources. ::\Iany lines might be added in the 
ultraYiolet region when a :--ufficiently bright meteor 
spectrum is obtained with one of the spectrographs with 
good transmission below 3ï00 A. Sorne othcr lines might 

be added in the ncar infrarcd, although the indication 
from existing spectrn suggest that this will not hecome a 
region in which the lines are generally crowded . 

In the Yisible region, from about 4000 .\. to 6600 .\. , 
further additions to the list are like ly to be minor ones 
until such time as a Ye ry hr ight meteor is photographed 
,,·ith a first -order dispersion of about -10 .\ mm . ;1leteor 
spectrogrnphs capable of this dispersion arc in operation 
on the Canadian programs conductcd by the Xational 
Research Council and by the Dominion Ob:--en·atory, 
but the expected yield of such detailed spectra is low. 

Significant additions of spectral lines could also arise 
from the instances in which a meteor of asteroidal origin 
is photographed with a . pectrograph. These are Yery 
rare eYents, and scarcely account for one percent of the 
existing meteor spectra of the world. 

The author wishes to express his thanks to the entire 
obsen·ing staff of the meteor observatories in Alberta 
for their persistence and enthusiasm, often under dif
ficu lt observing conditions, and to Dr. P. l\I. l\l illman for 
valuable discussions concerning ;.:pectral identification . 
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The Identification of the (0 ,0) and (1 ,0) Bands 
of the CN Red System in the Solar Spectrum 

l\Lrnro Rrm; TT1* 

.\Bl'iTR\CT A comparison h:1s becn madP of the " ·avclt•ngths of thl' rotational lines in the (0,0 ) and (1,0 ) bands of 
the ex rC'd systC'm prnduced in th<' laboratory \\"ilh the tabulated \\"avrlC'ngths or lines in th e sohtr spcclrum in the 
nl'il,(hbourhood of l l ,000 .\ and 0200 .\ rl'spectively. Somc 3 coincidrncl'S 11·C're rstablished bet ""l'rn CX lirws and 
prcviously unidcntifiecl lirws of solar or trrrestrial origin. 

IUsn1É- Xous avons rt::ib li une eomparaison l'ntre lcs longueurs d 'onde dt'H mil'S rolalionne ll e8 dl's b:indl's (0,0) l'( 

( 1 ,0) du sysfrnw rouge CX ohsNvé au laboratoi re et les longueurs d 'oncll' dassécs du spectre solaire dans ]p voisinage 
de 11,000 ,\ e t \l200 .\ n•spt•cl ivenwnl. Qtwlqu' 38 coï1widences ont été établies t'n(re lC'R raies ex l'~ des rnit•s non 
rncore idl'ntififr~ d'origine solaire ou te rre trc. 

Introduction 
The C'lecironic lrarn-ülion r\.2Il-X~~ of the CX 

molecu le producc · a syi;lem of Yibrntion-rolation bands 
cO\·ering the spectral range from 0.6 to 1.5µ. The' most 
inten:-;e ban d~ of this red sy:-;lem arn localed bel ,,·een 
0.7 and l. 0µ but owing to lechnical difficullies they 
ha\'e scarcely bcen Rtudicd eitlwr in Rolar or :-;le llar 
spectrn. JmproYed infra rC'd -sensiti\'e cmulsiom; now 
make it pos:-;ible to photogrnph the red :,;y:-;tem at high 
spectral resolu lion. Since the prei::;ence of ex is well 
cstablished in cornet::;. planets, carbon stars, and the sun, 
a study of the rotational line structure of the:-;e bands 
co,·ers a wide range of astrophysical interests. 

Accordingly, spectra at high dii':ipersion were oblained 
,rit h a grat ing spectrograph and a lahoratory source of 
ex of the (0,0) and (1,0) band;; of the recl system, cover
ing the speclrnl range from 9140 to 11,550 A. r\. rotational 
analysis has been carried out on the two bands and thcf"e 
re.,ults, including wavelengths and provi8ional rotational 
constants, have been published elsewhere (Rigutti 
1959). In th present paper the spcctrum of the recl 
band:-; produced in a laboratory ouree is compared with 
the tables of line in the infrared solar spectrum by 
Babcock and l\Ioore (1947) and prcviously unidentified 
li nes of . olar or terrei':ilrial origi n are a.-signed to the 
Cl\ rnolecule. 

Observations 
The laboratory sou rce of lhe ex red band,; was a 

D. . eleclric arc Ui':iing carbon or graphite electrodes, 
either 6mm. or 12 mm. in diameter, opcrated in air with 
a current of 7 amperes. A comparison spec trum was 
obtained with an iron arc operaled in a ir " ·ith a D.e. 
current of 3.5 ampere . . 

•~ow at Arcetri Ob~ervatory, Florence, Italy . 

19 

The spectrograph employ a plane' refiection grnting 
(ru led 14,-1:00 lines per inch over an area 3 in. x 5 in.) 
in a modificd Littrow mounting with camera and colli
mator mirrors of 20 foot focal length. The (0,0) band was 
photographed in the scc:ond order with a disperi;ion of 
1.14 A/ mm., while the (1,0) band was photographed 
in the third ordcr ,rith a cli:-;persion of 0.61 A/ mm . 
~ine spectrogrami':i of the (0,0) band were takcn on 
Kodak IZ platci':i hypen,ensitizccl in ammonia, with 
exposurc,; rnnging from 40 to 60 minutes. Four of the 
nine spectrograms "·ere u:cful for \\·a,,elength mcasure
menti':i. For the (1 ,0) band ten spectrograms "·ere taken on 
Kodak Il\I plates hyperscnsitized in ammonia, with 
expoi':iure times ranging from 20 to 60 minutes. Five 
of the ten ;;pectrogram · ,Yerc uscful for wavelenglh 
measurements. Glass filters werc used to i;;olate the 
appropriate orders of the grating: eorning 2540 for the 
(0,0) band; eorning 5031 and 2030 for the (1,0) band. r\. 
Rlit width of 70 µ was used for ail the i':ipectrograms. 

Xo intensity calibration of the plates was attempted 
because it ,m., found that lhe inlensity of the eN lincs 
dependcd strongly on the composition and condition of 
the clec:trodes in the arc source. 

\,Vavelength measurements werc made " ·ith a two 
stage ~Iann comparator at the Dominion Obscn-atory. 
The wavelengths for the iron comparison spectrum 
wcre takcn from the 1\1.I.T. tables (Harrison Hl39). 

Results and Discussion 

Examples of the spectrograms of the (0,0) and (1,0) 
bands are shown in Figure 1 and Figure 2 rcspecli,·ely. 
The results are presented in Tables 1 and 2 in which 
laboratory data are shown on the left and solar data 
from the tables of Babcock and :\Ioore (1947) are on 
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Figure l . The first part of the (0,0) band of the CN red system in emission from a laboratory source. The R:! head is al 10925.547 A. Enlargement 2x. 
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T.\BLE 1. A2II-x2
~ (0,0) BA~o oF ex CoMPAREo To T111;; RoLA R SPErTnt· i\1 

-I ___ Hotational Quantum X umber Laborator~· 
1 

Hun 
- - --- --- - Identification 

' 

\\'ave number \\'avdt·nµ;th \\'av<'- Run Lah . h.Y Ba hrork 
R1 H2 Q1 Q2 P1 P2 Ill in air l<' nµ;th Disk lnl. A and :\Ioorc ( 10-t ï) 

vacuurn , c1n-1 A A 
--· --- --

10 !lt.Jï.\lG0 10928.-105 10\)2 .-t3 ox + 0 . 025 0 
11 \l l .J 6. 60:3 10\):30 . 026 lO!J:30. 06 -:3X + 0.0:3.J Cr. Atm? 
] 2 \ll-l-.J . \l20 10\J:32 .o:38 JO!J:32.06 -2 + 0.022 Atm 

2 \)l:3!). :lïo J00:38. 6ï7 JQ!):38. 68 2:\'X + 0.00:3 Atm 
lï !)t:H .(iï\l lO!l-!ï.S!l0 JO!l-17 .88 l - 0.010 Atm 

5 !)l :30 .8\l3 JO!l-l-8.8:32 JO!MS.85 -:3 + 0.018 0 
20 !lll!).6\J:3 10flG2.27!l ]0!)62.:30 :311s + 0 .021 :\1g? 

10, 11 !l i 18 .ïl.H J0!l6:3 . .J -t!l 10\l(i:3 . ·1 - 1 + 0.031 0 
8 !ll 17 .:3\H 10065.(H:3 10!165 .0:3 -l - 0.013 0 

!) \)1 15 .70\l 10\lGï .0(i\l JQ\)(lï .08 -:3 + 0.01 l -
16 \li l2. 611 10\J70. 7!) 10\)ïü.80 -:3 + 0.002 -

22 !J I0!l.\l82 t0\ln.!l65 JO!ln.m -!XX* + 0.005 0 
18 !l t07 .:321 t O\lï7. t 70 l09ï7.18 5nl + 0.010 Atm 
21 !! 106. ·12.J J0!l!l0 . :321 10\l!J0 .:H -2 + o.orn Atm 

6 908!). -177 10\)!) .720 I0!l!l8 .ï-l -2 + 0.020 -
ï nos1 .sn:3 l 1000 .6:37 l 1000 .G:3 - 2 - 0.007 -

15 0083 .U-H) 11005 . .J I.J 11005 . .J2 -1 + 0.006 -
() \l083 . ..J0 11006 .06!1 l 1006 .08 -2 + 0.011 Atm? 

25 !l0ï6.t:31 ll0I..J . 52\J 1101.Jc. 56 -:3 + 0.0:H -
] 5 !)059.ï:36 lL03-l-.82ï 110:H.so ox - 0.027 0 

]\) !)056 .:343 1 t0:38 .961 l 10:33. !l5 12 - 0.01 l Atm 
17 20 !l0-l8.56D t l0.J8 . .J -t5 110-1-8 . .Jcl IX - 0.005 0 

22 \)0:32. 10.J JJ068. 586 l 1068 .57 -2 - 0.016 0 
20 9028.80 l JOï2.626 ll0ï2 . 6 l -2 + 0.01-l- Atm 
2l !l02l.-l-l-0 1108 l. 66\J LL0Sl . 65 -2X - 0.016 0 

rn 8!)!)2.0ï-l- 11117 .85!) l l l I ï .86 ..J + 0.00L Atm 
28 8\lï..J . :322 l LJ:39 . 85:3 111:30 .s-1- :3 - o.on Atm 
2!) !l6:3 . .J60 l Jl5:3 . 351 lll53 .3:3 - :3 - 0.021 0 

22 8!)57.590 11160 . 661 11160 . 65 (ï5) - 0.011 Atm 
22 39:33_321 lll8-l. 720 1118.Jc.6!) -:3 - 0.030 -
25 8902.620 11229.5ï:3 11220.60 -2 + 0.02ï 0 

35 8 !)0.!Jl8 112H.35:3 112-H.36 0 + 0.00ï Ti 

*Sunspot linc ; absent from di sk. 

TABLE 2. A2II-X2~ (1,0) BA D OF CN CoMPARED TO TH!è f:ioLAR SPECTRUM 

Rotational Quantum Numbers LaboraLory Sun 
IclcntificaLion 

\\ 'ave numbcr Wavclcnç;lh \\"avc- Sun - lab. by Babcork 
Q1 Q2 in in air len11;lh Disk InL. A and l\loorc (l9.J7 ) 

vacuum, cm·' A A 

10906.-137 !)166.:38 1 !) l 66. :3!) -3 +o.oon Fe? 
!) 10!)01.895 !Jl ïO . 200 \Jlï0. lï -:3 -0.0:30 0 ? 

13 10880.:39!) \)188 . :317 !)t88 . :3.J6 -:3 +0.02!) 0 
10 10866.280 !)200.256 \)200.2:3 -:3 -0.026 0 

22 10811.122 !)2.Jï. l!J5 !)247 .19 -3 -0 .005 0 
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the right. Thr rotatio11al quantum numbprs of thp lincs 
a,-, a;;--ig1H·d in the lahoralor:v analysi,.; arc c11tprcd 
u11dcr the headings for tlw ,·ariou,-, bra11(·hc•,-._ lt should 
hc• nolcd that thl' lahlr,-. of Balwoc-k and :'-doore arc 110w 
u11drr rc·,·isio11 al the Xatio11al Burrau of ~tandards 
but mn·clcngths longrr than 6600 .\. \\·ill not be c-hanged 
(:\Ioorc-~itlcrly 1961). 

Tlw \\·ayclc11gth,.; of 569 lines \\·crc mcasurcd in the 
t \\·o CX bands: 322 in t be (0,0) ancl 24 7 in the (1,0) 
band . 'l\rn critrria \\"(' l"f' usC'd in iclentifying these lincs 
\\·ith lines in the solar tables. Firsl, lines werc rctaincd 
only if the differences in \\·ayclenglh "sun-lab" \\·ere 

~À :S:. 0.03 .\, clisrcgarding their pre,·ious idcntific·ation 
by Bal)('OC' k and :\Ioorc (J 94 7). f-:;f'c-ond , Ji nes \\·crc 
rf'jectcd if the relati,·c intcnsities clic! not eorrcspond Lo 
the rolalional intcnsily distribution C'omputed for a 
..:\ 2I1-x2~ band at the tempcralure of the photo
sphcrc, " ·ith duc allowanee made for the spectrographie 
resolution in the solar spN·trum. 

.\s shmrn in Tables l and 2, only 38 ex lines arc 
atlributccl Lo tlw solar spcetrum. This small nurnber 
can hc casily cxplainecl. Firs( of ail, wcak solar lines 
(suc h a:-; those duc to CX) mighl escape cletcction 
altogcther. Thcn , thf' eombined c1Tors in the laboratory 
and solar waYclcngths might in somc cases cxccecl the 
adoptccl limil of 0.03 .\ . The eritcrion of rcjccting line:, 
according 1.o their relatiYc intcnsities m1s strictly 
applicd and climinatecl many lines \\·hich fulfillecl the 
condition t.À :S:. 0.03 A. II owenr, somc crror mighL arise 
bccausc Lhe expec·tecl intensity distribution of 1.he CX 
linei=: mighL be alterecl in the 1-;olar speci.rum. For example, 
blends with other solar lines may cause intcnsity clistor
tions. Finally, 1.he region of the solar spectrum uncler 
cxamination i:, crowdccl with rnany atmo:--pheric lincs 

whi('h are' often inknsc; the ex lines, on the othcr 
hand , arc ,·ery \\·cak. 

The' ic!C'nlifieations gÏ\'C'n in this papC'r ean be rcgarclccl 
with confidf'nc·c for the majority of them satisfy ,;imul
tancou,.;ly hoth eriteria desc-ribed aho\'e. ,'orne cloubts 
can howc,·er be ad,·aneccl for the CX lines coineiding 
\\·ith strong lines a,;signecl by Babeoc-k and :\Ioorc to 
atmosphcric absorption. In tllC'sc easC's the lines satisfy 
the condition t.À :S:. 0.03 .-\ only and il is assumccl that 
thosc atmospheric linC's mask the solar linrs. Thi: i:, 
quitc possible and for thi:-: rcason thry arc retainccl in 
the list. 
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Photographie Registratiou of Transits and Reduction of Observa tions on the 
Ottawa Mirror Transit Telescope 

G. A. BREALEY AND R. W. TANNER 

ABSTRACT:-A new mirror tran it has bcen under development in the Division of Positional Astronomv of 
the Dominion Observatory in Ottawa during the pa t several year . \\'hile the instrumE'nt is now physically com~lcte 
and opcrative, it will clearly require a year or more to make ail the ob ervational, mcchanical and electrical tests 
required before it performance can be usefully assessed and compared with that of conventional in truments. It 
has therefore been decidcd to puhlish an account of its design, construction and method of operation ; to be followed 
at a later time by a report on result obtained by it on an extended program of ob ervation. It has been dcsigned so 
that either visual or photographie observations can be made. For both types of observations a velocity-generating 
analogue computer has been built to drive a carriage, with associated eyepiece and photographie camera, at velocity 
V = V. coso, where v. is the velority of an equatorial tar image and o is the declination of the star being observed. 
For visual observations the eyepiece is used with a differential device to initiate and control the coïncidence of image 
and reference wires in the manner of an impersonal micrometer. For photographie observations a time-mark gen
erator has also been built, which causes a fla~htube to ignite for a few microseconds at known times. An etched reticle 
is illuminated by the flash and i recorded on the photographie plate together with the stellar image. 

Enregistrement photographique des passages et réduction des observations 
au télescope de passages à réflection à Ottawa 

G. A. BREALEY ET R. W. TA ER 

RÉSm1É:-La Division de l'astronomie de position de l'Observatoire du Canada à Ottawa a mis au point, au 
cours des dernières années, un nouveau télescope de passages à réflection. Quoique l'instrument soit maintenant 
au point et en état de fonctionner, il s'écoulera encore au moins une année d 'observations et d'essais mécaniques 
et électriques avant qu'on puisse évaluer la qualité de son rendement et le comparer aux instruments classiques. 
C'est pourquoi l'on a décidé de publier un exposé du plan, de la construction et de l'utilisation de l'instrument. Un 
rapport ultérieur rendra compte des résultats obtenus au cours d'un long stage d'observations. L'instrument a été 
conçu de façon à permettre des observations visuelles et photographiques. On a construit pour ces deux genres 
d'observations, un calculateur analogique générateur de vitesse qui entraîne un chariot portant un oculaire et une 
caméra à une vitesse V = v. coso, dans laquelle équation V. représente la vite e de déplacement d'une étoile à 
l'équateur céleste et o, la déclinaison de l'étoile observée. Lorsque l'on fait des observations visuelles, l'oculaire est 
couplé à un mécanisme différentiel qui permet d'obtenir et de régler la coïncidence entre l'image et les fils du réticule 
à la façon d' un micromètre impersonnel. On l'a muni aussi, pour les observations photographiques, d'un chrono
mètre enregistreur qui allume une ampoule pendant quelques micro econdes à intervalles déterminés. L'éclair illu
mine un réticule gradué que la plaque photographique enregistre avec l'image de l'étoile. 

REGISTRATION OF OBSERVATI O"N"S 

The term "mirror transit", for an instrument such 
a the one described herein, probably originated with 
Dr. R. d'E Atkinson. I n place of the conventional re
fracting telescope, pivoted on an east-west axis so as to 
weep out the merid ian, t he mirror t ransit makes use of 

a mirror of ·uitable size, likewise pivoted on au east
west axi so a · to reflect the light from the selected star 
into a fixed horizontal telescope. T hus differential 
flexure of the telescope is avoided; and furthermore the 
pace orientation of measuring micrometers is constant. 

There are two such telescopes facing one another on a 
north- outh baseline, the tellar image being reflected 
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into the one on the same half of the meridian as the 
. tar. Within 20° of the zenith some freedom of choice 
exists. T he image of t he star is formed at the prime 
focus of the telescope; and in the focal plane are placed 
any refcrence wire rcquired. In theory at least ail 
observations can be performed by a direct examination 
of thi. · domain. In practicc, howcver, this becomes im
practical. If one desire to use high-power, short focal 
length eyepiece.:;, with provision for optional photo
graphie tran its, and optical and photographie regis
tration of collimation and au tocollimation, then the 
design problcms become formidable . In the Ottawa 
mirror transit ail the information is carried to a second-
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ary foc·a l plane through a system of unit magnific·ation, 
wherr it c·an be more conveniently ui-ied. 

Figmr l i,; a Yiew of the north tclcscope and Figure 2 
i,, a »chematic- drawing of the optic-al syHtem, ,,·hich does 
not require any additional description. In order to en
sure ihat the star "·i l! be somewhere in lhc fie ld of view 
at tram-il the mirror anglr must br seL to an aec-uraey 
of the orclrr of onr minulr . This is donr from thr obserY
i ng sial ion by a ,;rn·omr!'hanism; and Hi nC'r t hi,; clcYiC'C 
also sen·rs to srt onr of the paramrters on thr ,·eloC'ily
generating C'Omputer il is clesr·ribed hcrc. 

Figure 2. Optical system of main collimatars, Ottawa mirrar transi t. 

.\ t)·pi('al <'ITOr-signal link is s lt m,ïl in Figurp :3. The 
input rotor i,, ,-,pt to a cksirrd angl<' by nwans of a poinlrr 
or --omP ot lwr rrfPn' 11t·<' dia! and llw Ollt put rnlor will 
ha,·c• induc·c·d in it , ·oltag<'s of a phase• and magnitudr 

REFERENCE 
FREQUENCY 

Figure 1. 
The narth callimalor al an early stage of construc
tion. The velocity computer has no! yel been 
mounted on the pier, nor have the screens been 
added to the 5-station screen selector. 

} 

TOANOTHER 
O1/TPUT ROTOR 
/AMPLIFIER ETC 

TO OEV/CE 
TO BE 

POSIT/ONED 

Figure 3. Errer-sig nal serve link. 

proportional toits angular relation with the input rotor. 
This Yo lt age i:,; amplifiecl and dri\'e.· a servo motor, 
,Yhich in turn rotate the dcvic-e to be positioned. The 
se rvo motor at t he same time rotates t he output rotor 
in ,;uc-h a way a,; to tend to reduce the out-of-pha e 
signal : and rotation will continue until the igna l i 
cssenlia lly zero. 

In practic-e tlw order of accuracy of such a simple 
link i:o of t he ord cr of -15 minutes of arc, set by the 
impcrfeet elPC'l riea l balan('e inheren t in the con.-truction 
of the eomponPnls; and add iti onally hy the so-called 
zC'l'o errors, whic·h oec-ur rhiefly bcc·am,e al some point 
l lw c1Tor signal hec-omp;:; :,;o small that it no lon()'er driYe · 
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th amplifier to full output. Al thi 
deve lop. in ·ufficient torquC' to 
friction. 

point the motor 
overcome residual 

To overcomc thi limitation and aehiC'vc much highcr 
angular accuracy (such as the 1 minute rcqui rcd for mirror 
posit ioning) two completc se rvo links in a so-callcd 
coarse-finc system arc used. On the mirror transit the 
Iwo input servo transmittcn; arc gcarcd 1 :36 as a re t he 
t wo recciving scrvo tran formers. The 'coarse' high-speed 
link tells the ·y tem whcre it i · in the 360° of possib le 
angular position and drive it to the desired vicinity, 
"·here the 'fine' slow- peed link assumes conlrol and 
aceurately positions the sy tem. The fine link bas the 
samc order of accuracy as any similar servo, hcncc il 
re. olves 10° of mirror angle just a. the coarse link re
solve ' 360°. It follows t hen, that it increa. es theaecuracy 
of following by a factor of 36, or in other words, reduces 
the zero errors of the coarse system to one thirty- ixth, 
eorrcsponding to 13-32 seconds of a rc. 

The transition frnm coarse to fine is made automati
cally. A:-;sume the system is lincd up from a pre,·ious 
s<.'tting. If the observer now selecls a ncw <lei;irecl position 
on the lran mitlers both error signais immediately risc; 
ho\\·ever the coarse signal, on increa:-;in()', trips a scnsiti,·c 
relay in the servo amplifier and thus bccomes the driving 
Hignal. This condition remains until, wit hin about 2° of 
coarse-syskm coinciclence, the signal no longer suffiC'CH 
to hold the relay, whereupon the fine signal becomes the 
input. By means of an eleclromagnetic elutC'h energized 
by the samc relay, the controlled devirc is moved quilc 
q uic kly by the high-speed gear train of the mot or, but, 
near coïncidence is movcd more .fowly by the low-spC'ed 
gcar train; which of eour:-;e makes the torque of the 
motor much more effective in overeoming mcehanical 
fr ietion and hcnee reducing zero crrors. 

T \\·o ,·iews of the transmitter arc shown in Figure 4. 
The modificd eounter reads the angle to the nearest .01 
degrec and is set by the pu ·hbuttons ncarby ,Yhich drive 

Figure 4. 
Two views of north serve transmitter. At top 
the camera cycle indicotors are shown above 
the transmitter, and the screen selector contrai 
and olher test switches below. Detoils of lower 
view ore described in the tex!, 
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a ,;mali motor not YÎ:,;ible in the picturc. Fine adjuRt
ments arc made by the thumbwhcel to the right of the 
counter. The fine tranRmittcr is cross-coupled by coupl
ing (3) to the coarsc transmittcr at (2). Coupling (3) iR 
uscd to set the initial phase bctween the coarse and fine 
transmitters. Thcrc is an additional shaft and cam at 
(4), the purpose of which is describcd later. There are 
two such transmittcrs, one for each telescope eyc end; 
and by a system of latching relays eithrr one can be 
placed in control. It i. intended cventually to place a 
third digital servo transmitter in the contrai room (east 
wing of mirror transit building) "·here the obscn'cr in 
winter "·ill be able to perform bi s tasks in comparative 
comfort . 

The mirror positioning servo rcceivcr is shown in 
Figure 5, looking down at an angle (to the horizontal ) 
of about 60°. The large gear, part of which can be seen 
on the right, is one of the two large circles clampcd to 
the main mirror axis, (the other, on the opposite end of 
the axis and out of the picture, is not geared ; but instcad 
is engraved with division marks ,Yhich are photographed 
to rneasure the precise angle of the mirror normal). 
This large gcar is driven by the pinion which can be 
een below it, through a ratio of 1 : 36, and the fine servo 

transformer at (1) is coaxial with this p11110n haft. 
Interna! worm gearing which can be seen couple the 
coarse transformer at (2) likewiRe through a 1: 36 ratio. 
Hence evcry time the axis rotatcs once, so doe the 
coarse transformer. The clutch for automatic switching 
to high-speed drive iR visible at (3) . The vi ible end of 
the clutch carries a large gear engaged by a pinion, and 
is the low speed end of the clutch. The high-speed gear 
arc hidden by the frame as is the servo motor. In practice 
the mirror axis is reversed, east for west, about once a 
month; and the servo receiver reverses with it. A con
current change of polarity of servo signais makes the 
axis rotate alway · "top-to-north" with increasing read
ings; thus only one entry i · required in the ob erving 
book for the position of each star. 

Reference to Figure 3 illustrates that the ervo tran -
mitter outputs can be fed into other servo transformer . 
In the mirror transit the e output are used to set one 
of the parameters in the velocity generator described 
below. 

The idea of using a variable speed device as the prime 
mover for an impcrsonal micrometer is not new. The 
peed range required for a meridian circle right ascen ion 

screw is considerable and in an extreme ca e could range 

Figure 5. 
The a xis se rve receiver. The swi tch in th e lo wer par t of the p iclure 
w as used to change servo po larity wi th change o f clamp so as to 
preserve the condition th ot re adings increa sed as the normal swung 
north. This chang e is now done automatically w ith a re la y. 
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from maximum (for an equatoria l tar) to ZC'ro (for a 
'truc' pole tar). In practice it happens that travelling
wire tran. it are not fea ib lc vcry clo:c to the pole. The 
wavering of the tar due to atmo phcric conditions will 
approach in scalar magnitude the vclocity motion of the 
image; and in general the ob erving of . uch stars in 
right ascension is difficult. Howcver, for the prcscnt 
generation of a tronomers at least, it is desirable to be 
able to follow Polaris and À Ursae M inoris; which 
impl ics that the spced range should be variable" from 
maximum to about 1/ 64 of maximum. 

The velocity for any star i of course givcn by the 
cxpres ion: 

V = v. coso o = dec lination 
Ve = vclocity equatorial star 

One of the earliest attempts to drive a right ascension 
lead screw was made at the Cape Observatory. A des
cription of the apparatus used is contained in H istory 
and Description of the Cape Observatory, 1913, pages 49 
to 58, Sir David Gill being at that time in charge. 
Briefly the system consisted of a right circular cone 
driven at con tant velocity about its main axi , with a 
longitudinal adjustment of the po ition of a driven 
wheel frictiona lly bearing on the conc periphery. I-Ience 
the effective "gear ratio" could be varied from maximum 
at the base of the cone to minimum at the apex. 

A more recent device, presumably still in operation, 
drives the lead screw of the 6-inch transit circle at the 
U.S. ~aval Observatory in Washington D.C. The 
ystem i described in considerable detail in Publications 

of the U.S . Naval Observatory. It relies on a tuncable 
audio oscillator and amplifier, a synchronous motor, and 
selectable gear ratios sufficient to produce the desired 
peed range. There is cvery indication that t he drive 

works well for visual observations, which are the only 
type at present performed on thi instrument. Howevcr, 
it provokes the inherent difficulty of varia ble frequency 
ources and synchronous motors, in that such motors 

will only stay synchronous over a relatively small 
frequency range and require external gear changes to 
extend the speed range. It is greatly to t he credit of 
C. B. Watts and bis associa tes that the ystem was made 
o well ; and at the same time did not physically overload 

the eye end of the transit circle, which is of conventional 
design. 

The foregoing system is not suitable for photographie 
regi. tration of transits as it lacks sufficient accuracy for 
good following, at lea t with t he present calibration 
accuracy of variable frequency oscillators. Unless many 
cumberso mc gear change , sophisticated tcmperaturc
controlled oscillator ovens and other accessories a rc 
used, the tracking velocity cannot be guaranteed to be 
within even 1 per cent of its a signed value. 

The Otta\\'a mirror tran:-;it originally utilizcd a 
presC'nt-day, highly refin ccl VC' rsio n of the Cape Obscr
vatory conc drive, a nd uscd expcrimenta lly a the 
variable vc locity source a o-call C"d ball-and-dise intc
grator, of which t hcre a rC' many on the market. They 
a ll use the same principl e a nd t he bcst of t he mode! 
have a rcproducibili ty of 0.1 per cent. Figure 6 shows 
the principle of operation. An inpu t. pindle, tcrminatcd 
by a di c, i. rotatcd at a co nstant vclocity; t he dise 
impar t ing to a chain of two ball a ngula r vc locity 
lincarly proportional to t he ball di splacement from 
centre. The balls arc contained in a 'cage' by whi ch 
thcy can be movecl along a radius of t he dise. 

OUTPUT ROLLER 
(VARIABLE) 

Wovr· Krw,,., 

r-"'""""ii"'!-----,..,_ ___ ~INPVTO/SC 

BALLS, CAGE. 
fCONTROL ROD 

f igure 6. Principle of ball -and-dise integrator. 

(CONSTANT W) 

The second of the balls drirn the output roller. In 
practicc t he components a re made of very bard steels 
a nd run with considerable co ntact pressure in order to 
minimize slip. They require careful setting-up to cnsure 
that t he ba lls t ruly follow a dia meter of the di c. It is 
intere t ing to note that as the balls pass through the 
centre the output velocity rcvcr. C'S direction- a prop
er ty which bas been put to good use in accommodating 
the right ascension drive to lower culmina tion stars. 
Most ball-and-dise integrators will deliver up to 3 inch
ounces torque at about 1000 rpm maximum speed . 

To appreciate full y the problem inherent in using an 
in tegrator for lead screw drive, t he reader is referrcd to 
Figure 2 for some of the detail8 of the eyepiece as:,;cmbly. 

That parl of t he cyepicce in t he dotted ou t line of 
Figure 2 moves in righ t ascension " ·ith the :-;tar; a nd fo r 
the 168-inch focal length of the ma in co llimators its 
ye[ocity for an eq uatoria l :,;tar must be about 18.5 
mm/ min. The entire slide is suppo rted essentia ll y by 
three points, viz. , opposing V grooves at oppo:,;ite C"nds 
of t he back and a fi at plate and ball-bearing at the front. 
In Figure 7, with the carriagc removC"d, t hese var ious 
features can be seen in part, as well as the lead screw, 
( ingle pitch) which bas a lead of .635 mm. The long 
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Figure 7. Base casting of the north collima tor. The series of bars between 
the Vees and Act b lock are contacted b y w ipers a n the r ig ht ascension sl id e 
to pravide electrical service for the latter. 

arm on the nut rides on a sockct on the slide and hence 
is preventcd from turning; "·hile a projection on the 
nut bears against a book on the slide, thus exerting none 
but a linear co1rntraint on it. A weight pulls the slide 
against the nut. The angular velocity of the lead screw 
is about 29.3 rpm for an equatorial star. It is then 
reasonable to design the velocity computer so as to run 
the integrator at its maximum recommended velocity in 
order to get the greatest possible dividend from its rated 
output torque. 

lt has been mentioned that the output velocity of 
the integrator is a linear vector fonction of the ball 
displacement. The velocity desired at the output of the 
computer is, ho"·ever, required to vary as the cosine of 
the declination. It bas already been pointed out that 
the transmitting servos are set according to the declina
tion of the star being obsf'rved; so it is clearly apparent 
that some shaft at the receiving transformer end will 
take up an angular position also proportional d irectly 
to declination. In the case of the receiving sen-os at the 
main mirror, this 'shaft' is obviously the mirror axis 
itself. Ho,wver, at the eyepiece ends, one must some
how translate the shaft position rcproduced there into 
a cosine-functional displacement of the ball -and-dise 
integrator push rod. 

In the design concept of the Otta,rn mirror transit 
this bas been donc, in effect, by having a limaçon cam 
attached to the receiving sc1To shaft, "·ith the cam 
follower bearing against this cam and connected to the 
integrator push rod. The limaçon is a gcncral cun·e of 
whieh the eardioid is a ;;ppc-ial c•a;;e, and its loc·us j,, 

gin•11 by 
H = a+ k co:-;0 

\\'hcre R i:-; the radiu:-; , ·ec-lor at angle 0 from the x
axi,-, ;;;ay, and n and k arr con;;ta11tR. 

Figure 8 illustrates the fondamenta l principle. The 
ram shaft carries a graduated di c which serve as a 
lining-up jig and servo-checking index, and is uitably 
coupled to the coarse and fine receiving servo . . (It is 
pointed out that as the mirror is turned through an 
angle a, 2a is swept out in the sky; so that the shaft in 
the aboYe figure must turn through double the trans
mitter angle. This condition is met through suitable 
gearing, described belmY) . Reference to the enlarged 
view of the cam follower shows that it is necessary that 
its centre follo,Y a simple harmonie motion; so that the 
cam itself cannot be a true limaçon. If it were, the cam 
follower would not perform the required cosine motion 
because of the inclination angle 0; between follower 
line-of-action and tangent point of roller. Furthermore 
a and k in the formula must be chosen so that the 
curvature of the cam is everywhere Jess than that of 
the cam fo llower. 

,OROJ:"/t.E of CAM 

1 

,L, /MACON--1 
• 1 

CAM - - ......_ 

' ', 
' 

Figure 8. Princi p le of cam and followe r. 
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The requirements of t he velocity generating computer 
are summarized before descri bing i t in detail: 
(1) The cam must be located angularly by being suit

ably connected to a receiving servo system. 
(2) The integrator should be running at nearly maxi

mum rate for an equatorial star. In order to allo\\· 
for uncertaintie of determination of the speed of 
an equatorial image the cam should not work direct
ly on the integrator push rod, but through a linkage 
which "·il! permit an adjustment of push rod throw 
in proportion to the excur ion of the cam follower. 

(3) .-\.s the output shaft speed drops, the limit which 
define the travel of the lead screw nut should be 
drawn in, so that polar star,; will not take exce -
sively long to observe. 

(..J. ) The travel of the eyepiece assembly shou ld be sym
metrical, for ail stars, about the line of coll imation . 
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(5) The integrator, in rever ing direction a it passe 
through zero output, caters thus automatically to 
the lower culmination tar ; hence automat ic re
ver ing of the fun ct ions of limi t witches must be 
incorporated . 

(6) A high-speed driYe should be addcd to run the lead 
screw quickly to the 'start exposure' position , and 
to return it to centre position at the end, again with 
regard to the fun ction interehange mentioned in (5). 

(7) A deYi ce should be added to permit the ob er\' cr, 
in the case of visual ob ervations, to add or ub
tract additional velocities to the lead crew to 
initiate or maintain coïncidence of wires and image. 
This incremental velocity should be always of the 
same magnitude rather t han proportional to the 
lead screw velocity. 

Figure 9 hows one of the velocity generators mounted 
in position on the north pier, with the shaft passing up 
through the base casting to couple it, via bevel gears 
(Figure 7), to the lead crew. 

The cam is concentric ,,,.ith the graduated worm gear 
at (1) and is obscured by it. The cam follower i t he rod 
at (2), and the ¾-inch outside diameter ball-bearing at its 
extremity (likewi e obseured) follows the cam. In order 
to get an extremely accurate cam satisfying the condition 
that the cam follower perform a simple harmonie motion, 
it was made by rough-cutting a blank and then centring 
it in the dividing head of a milling machine, for whi ch 
the transverse table feed screw wa disconneeted. See 
Figure 10. 

.Sl•O,LL ADJU$rM~ Nr-S 1t) ,:'A,.·L"ND ANC.,,,,,~ ( A1:, E.ND 01'" EAC"1' 

cur) FVFNTI./Al.LY RIDIJCE TH/$ D I NEN310/V ro G IN ,:oAMULA 

Tl1A~lfl!~E TA.LE of TOOL 

~ - --~~ {1111.~ASE,D J:AOH /k'l!LD .J'CIPEW) 

i.0/tl(; CONNECTINt; ltOD 

/20 ii?.• 3 m. /or OTTAWl"I CAM 

:SET EÇJVAl TO "J:, •_,n /'b.eHUL)i R-,a~ k~O$ e A~:=:=-~::r 
2,n •.5.0l.lcm.; J in •Z.S+c,n. 

N/Ll. lA/G Ct/TTER ( ~ F/111/SH GRINDE~ 
SANE DIANEUR AS R:u.1.0NER BEAAl/1/G 

f igure 10. Shoping of modifled limaçon corn. 

A long rigid bar was attached, via an ad justment, to 
a olid masonry wall and, being so long, approximated 
to a sufficient degree of accuracy an infinite connecting 
rod. As t he dividing head was turned, t he bar pulled the 
head, and hence the transverse table, back and forth 
while t he cutter, of the same cliameter as the follower 
bearing, finished t he shape. The penetration and feed of 
the cutter ,ms governed by t he length adjustments of 
the long bar. The entire procedure was repeated on a 
universal grinder to get a smooth cam periphery. 

By uitable spring loading, t he cam fo llower (Figure 
9) impart a swing to t he lever (3) which in turn controls 
the t hrow of the integrator push rod at (4). The fulcrum 
of lever (3) is adjustable two ways. In the direction more 
or Jess parallel to the lever, it a lters the lever ratio so 
that t he full throw of the cam can be made to give t he 
proper t hrow to t he integrator pu h rod. The other 
adjustment, more or less perpendicu lar to the lever, 
en ures t hat the integrator pu ·h rod is centred (zero 
output velocity) when the ram follower is in the middle 
of its travel. 

The integrator, driven t hrough gearing from t he 
ynchronous motor at (5), drives through a clu tch (6) 

and eventually into the differential (7). An additional 
motor (8) and clu tch (9) provide for high-speed posit ion
ing or centring of the lead crew as required . The incre
mental velocity for visual ob ervations is applied through 
motor (10) acting on t he other end of the differential. 

The device for shortening the lcad screw travel as 
one approaches the pole, in ordcr to avoid excessive time 
requirements, is contained in the sy tem of drums at (11) 
and (12), and t he connecting rods and racks at (13) and 
(14). There is a chain of gears, not clearly visible in the 
figure, whi ch causes the drum (11) to rotate once in 
about 30 revolutions of the lead screw. Since t he equa
torial exposure i anticipated at about 40 seconds (20 
revolution of t he lead crew) the drum (11) rotates about 
2/ 3 revo lution, or Jess as one approache the pole. The 
drum is, in diametral section, like an I-beam ; and at one 
point on t he rim, two shallow lobes are eu t on t he op
posite undersides of t he top bar of the 'I '. They are 
located so as to be at t he top of t he drum when the lead 
screw is centrally located . The di c at (12) has a counter
part on t he far sicle and both dises run freely on the shaft 
which carries drum (11 ). These dises carry small micro
switches on t heir inner (hidden) faces which are triggered 
by t he aforementioned lobes on (11). Racks (14) are 
toothed in such a way t hat the back half of each rack 
drives t he dise (11) on t hat sicle; while t he front halves 
provide for contrary motion of the racks through the 
gear (15). Hence if one of the racks is moved in any 
direction, it causes a rotary motion of its microswitch 
dise and a contrary motion of the rack and microswitch 
dise on the other sicle. If the two microswitches are 
suitably wired as limit switches, the lead crew and drum 
(11) will rotate until the lobes have covered the angular 
interval between switches. The angular separation of 
the limi t switches would ideally be zero for a true pole 
star and increase with decreasing declination. However, 
such extremes are not practical. Lost motion, uncertain
t ies of operating points of the limit switches, inertia of 
the lead screw drive, necessity for rea.·onable separation 
of the rcticle flashes on film, ail contribu te to t he neces
sity for a compromise with t he ideal case. The degree of 
compromise is a matter of choice. On the system as 
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Figure 9. The north station velocity computer with serve ampl :fier. The computer is mounted on three integral legs which are 
clamped to posts on the pier and hence con be quickl y removed . The drive fram computer ta callimatar is made by a spline can 
nection and universol joints; so the computer exerts no undesiroble constraint. 



PHOTOG RAPHIC REGI TRATIOX OF T HAXSIT A:'\D HEDCCTIOX OF OB ER\.ATIOXS 

developed hC'l'e, thr limi ting dr rlinat ion fo r which 
foll owing is attemptcd is 89° 06' ( ·ccant, 64. 00) and t he 
exposure t ime t ntat ivcly et at 120 seronds. This rc
quirc. a limi t-swi tch separation of 9° for t he 89° 06' 
polar, whi ch must be increa. cd to about 240° fo r a n 
cquatorial star. 

The in creasc in scparat ion of the limi t swi tchcs is 
performcd by connec ting rnd (13). They arc slotted a. 
·hown, so that cithcr one will pull on the rack as the cam 
shaft i. rotated cither way from the declina ti on 90° 
positi on. The radii (on the cam gear) at whi r h the rnds 
t erminate is adjustable and dcterminc the increasc in 
limi t s,,·itch angula r epa ration. In ord cr to permi t 
rota tion pa t the po. ition of 0° declination, one of t he 
connerting rods i in the form of a spring-loaded ·plinc. 
It is the one on the right in Figure 9 and is closed up in 
this view. The small retracting spring can be seen op
posite t he integrator. It closes up a centimcter or so whcn 
no t in tension (i.e., when it is no t pulling on t he rack) 
and i thu enabled to clear the pin of t he other rod by 
pas ·ing behind it. There is a lso, on drum (11), an cx
ternal lobe located so as to defin e, wi th microswitch 
(16), t he central position of the drum and hcnce of t he 
lcad scrc,Y. 

The fine scrvo transformer is at (18), the coar. e 
transformer is obscurcd by gear (19). (20) and (21 ) arc 
the motor and clutch respectively, which fun ction in the 
same way as the motor and clu tch on the axi po it,ioning 
gear. Ali componcnts are geared in such ratios that t he 
cam will be rotated through t wice t he mirror angle, as 
it is required to do. 

lt will be observed tha t this y tem can no t and must 
no t attempt to follow ail reading of the input servos. 
The doubling of the angle would result in damage and 
mis-phasing if, for example, t he receivers attempted to 
follow to t he mirror posit ions for mercury aut ocollima
t ion. The purpose of cam (5) in Figure 4 is to prevent 
t hi s. For t he north collimator compu ter, t his cam dis
connects the ervo motor outside t he range of inpu t 
angles 110° - 265° (40° above S hori zon to 10° above N"). 
For t he sout h compu ter, the cam exclude ail bu t 95°-
2500 (10° above S horizon to 40° above N") . 

Beneath t he cam, and on the same shaft as the cam 
and graduated gear, are two addi tional cam. for activa
tion of microswitches. One of the e energizes a .-erie of 
relays as the cam as. embly passes dec lination 90° going 
towards lower culmination t ran sits. These rclays revcn;e 
the function of t he lirni t . witches, t he directio n of the 
high-speed motor, and the polarity of the contro l switch 
fo r t he differcnt ial motor. 

The econd of t he addi tional eams serve:; to cha nge 
t he flashing interval automatieally, making the fl ashes 
less frequent nearer the pole; so tha t t he film will not be 
ovcr-crowded by imprin ts of the ret ic:lc. 

A componcnt ha. hern added to the velocity gencr
ato r sincc F igure 9 was 1.akcn. lt is a photoelectri c 
tac hometcr geared to the in tcgra tor outpu t ,;haft. T he 
output pulses from thi :,; tachometcr arr eoun ted elee
tronically, wi th t he counter time base bcing ,;elcctcd so 
that 10,000 coun ts a rc admitt cd fo r an cquatoria l ,;tar. 
Hencc thi pa rt of the cquipment act:-; as a co,;ine com
pu ter, the valu es determined being quickly comparable 
wi t h cosin c o for chccking purpo,;rs during observations, 
a nd for ini t ia l etting-up of the components. 

The velocity co mpu ters prove to be acc u rate to bettcr 
tha n 0.1 per cent from coso = 1.0 to about cos o = 0.l. 
As coso dccreascs furt her the valu es bccome less rc
liable. Since t he rate of change of cos o is proportiona l 
to sino, any alignment or zero errors of t he servo 
system (insofar a thcy cause crrors in the limaçon cam 
angle) becomc more scrious a the pole is approached. 
Further complicat ions resul t, in par ticular wi th the 
nor th collimator compu ter, and observations of circum
polar and lowcr culmination stars. The e compli ca tions, 
described below, have a n cffect peculiar to the photo
graphie regist ration of transits, and do not dctract from 
t he simplicity of operation of t he ball-and-dise intc
grator for visual obscrving. 

The first eompli cation ari ses a:; follows: Consider for 
exampl c a star at lower culmination, dec lination 60°K . 
Its image will have ve locity V./2. Howevcr the refrac tion 
at zenith di tance 75° is about 3' ; and for observation 
purpose the axis (and hence servo system) must be set 
for the rcfracted star. In t his case the refracted star 
appear far thcr above the hori zon, and the input angles 
will be those fo r an unrefracled star at d eclination 60° 
03' . The velocity error is t hen V 0/ 2 + V./.4992, or 
a bou t 0. 2 per cent. One remedy fo r t hi s situation would 
be a limaçon cam corrected fo r rcfraction- a nearly 
impossible under taking. An a lternative wou ld be sepa
rate posit ion controls fo r t he velocity generators. Such a 
policy would unfo r tunately undo ail the efforts made to 
implify t he operating procedure. 

The econd complication arises fro m the technique of 
observing. The photographs of the graduated circ le (of 
the axis) must satisfy certain conditions, one of whi ch 
is tha t the refercnce wire shall not be too close to t he 
division marks. T hese conditions arc attai11Pd h: 
'roundi ng-off' the obscrving posit ions (as li sted 111 t hP 
observing book) to t he nea rcst 3' (.05°) and using thr,;r 
incremcntal values for inpu t position. Thi :,; a pproxi
ma tion results in a fur thcr error in the generated veloc· 
ity, which is less than 0.1 pcr cent fo r equatori al zone 
stars and remains so u nti l tan o d o = 0.05 fo r which 
0 = 49°. 

IL was at fir ::;t decidcd to a pply correct ions for t hese 
,·cloei ty error::; rat her than to attempt avoiding t hem. 
They do not become seri ou::; unt il dec lination 49°X, at 
whieh point approximate ly 60 pcr cent of t he observable 
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;;tar;; han heen areountrd for . For thr rrmaining -1-0 prr 
rent thr time intrn·al hrt,Yrrn shuttrr opcn ing and 
fir;;t fla,-;h and het\\·crn t hr last flash and ,-;hu t ter closing 
i,-; drtrrmincd hy additional rlcmrntary pulsr cireuits. 
Thi,-; information, togrthcr \\·ith thr ac·tual grnrratrd 
nlocity, ;;uffier,-; to gin' a eorrret ion to br applird to 
thr mra;;urcd po,-;ition of the ,;tar imagr on the film. Ail 
thr forrgoing information may br hinary-eodccl on to 
tape a;; \\·r ll as being Yi;;ually di,-;played on the eounter. 

Howrver, ;;ince thr mirror transit i,-; almost rxe lu sin• ly 
a photographie irn,trument, it sermrd ad,·isable to so lve 
the trac·king problrm in a more positi,·e manner. This 
i11Yoh·cs replaeing thr serYo-eontrolled ball-and-di se 
integrator by a ;;eparately programmecl speed selcctor. 
It should br emphasized that the ball-and-dise integrator 
incorporatcs a valid principal for photographie rcgistra
tion so long as ail the parameters of obscrYation arc read . 
It i,-; ho\\·c,·cr possible that one of thesc eould be missed, 
thus rendering the transit in val id; or in a more serious 
ease be misinterprcted, thus giving an erroneous valu e 
of right ascension . 

While at present the ball-and-dise integrator is giving 
acecptable results, a nrw type of veloeity gcnerator is 
being deYeloped. The gcneral philosophy is to have the 
nloeity entered as a four-figure drc-imal number dircctly 
cqual to eoso. The vc loe ity ineremcnts, 0 to 9, for each 
decadc arc obtained by a system of clu tches, mechanieal 
differcntials, and a deeimal-to-binary code co1wersion. 
The input shaft driYCs simultaneously four electromag
netic clutchcs. Two of these arc eoup led to the inputs of 
a mechanical diffcrential through ratios of 1: 1 and 1: 2 
(reduetion ) respeetivrly. The other tlrn arc eoupled to 
another differential through redudion ratios of 1: 2 and 
1 :4 respectively. These two clifferrntial outputs are in 
turn eombined by a thircl differential to gin thr final 
output. As the rlutehrs arc se leetively rngagrcl by the 
eoding 1whrnrk, velocitirs exprrssiblr a1, an arithmetic 
series rrsult as follows: ("X" indieatrs elutrh on). 

l: l ] : 2 1: 2 1 :4 Decimal 

0 0 0 0 0 
0 0 0 X 1 
0 0 X 0 2 
0 0 X X 3 
0 X X 0 4 
X 0 0 X ,) 

X X 0 0 6 
X X 0 X 7 
X X X 0 8 
X X X X !) 

(}11P suc-h experi nwntal drc·adr ha,-; bee11 l)lli[t and 
oprratr,- with a high drgree of ac-euraey. J t 1,-; 110\\. 

nec·rssary to r·on;;truc-l four of thrsr, raeh onr ha:--irally 

running al 10 timrs the speed of its suecessor, and 
rombining thrsr through furthrr differentials to achievr 
a veloeity rquivalrnt to c•o,-;o . .\n onr-all grar ratio to 
giYr thr eorreet lcad serc,\· ,·e locities will be the final 
('Omponent. This ratio will deprnd on the specd of the 
driving motor on thr one hand and the equatorial 
n loeity , ·,. on thr othC'l'. 

The eontrols arc rrnderrd a;; ;;implr a:-. po,-,;;iblc by 
suitablc eirruitry. Ha,·ing ;;rlrc-ted ai l the neersi-ary 
paramcters, \\·hrthrr by ball-and-di;;e in tegrator or 
digital eomputrr, the observation procrcds as follows: 
the observer finds the lead srrcw always in its central 
position; close,-; one eireuit to :--rnd the lcad screw to its 
starting point, and then another to start the exposure. 
Thr equipment rcturns automat ieall y to eent re after 
the exposurr. The flash timi ng generator c·onsists es
sentiall y of a synehronous motor rotating at l rp8 
(sidereal). It is fitted with a cam pulse switch and it 
has bcen cstabli shed that the interval bctween pulse · 
is sidereal 1 ~0000 ± 0:0001 noneumulative. Three shafts 
of successiYC spced reduction follow t he motor shaft and 
c-arr y in turn eams and mieroswitches, whieh .-e rve 
merely as gates. By selection performed at the velocity 
gencrator auxil iary cam, and t hence dependent on 
drclination, thr interval brhYeen flashrs c-an be made 
;3' 000, 10:000, or 30:000. 

The manncr in which the photographieally recordcd 
transits will be rcduced is now discussed and the effect 
of various dcpartures from ideal conditions is considered. 
ln particular, to what degrec can the fo ll owing be tolc
ratecl-(a) inaecuracies in the spced of the lead screw 
and (b) erro rs in timing which place t he middle of the 
exposure not on the meridian. Also it is necessary to 
kno\\· if any determination of the phase ang le of the lead 
sc-rew is required either for the reading of instrumental 
C'0nstants or at the instant of oecurrenec of a flash, or 
if and ,Yhy thr ab;;olutc sidcreal time of the flashes will 
be requircd, or if the se-ale factor of the film " ·il! need 
to he determinecl independently of star ob. e1Tations. 

REDCCTIO~ OF OBSER,'ATI0::\"8 

Dejinilions and Co1111entions: 

In a rectangular horizontal coordinate system, OXYZ, 
(see Figure 11 ) " ·ith O the mirror centre, X \\·est, Y 
south, Z up, t he mean axis of rotation of the mirror is 
supposed to be directed a long OA, wherc (on thr unit 
,-;phere) A i,-; a ;;outh of the XOZ plane and b abon the 
XOY plane ; a and b are thr usual azimuth and le,·rl 
constants. The outward normal to the main mirror, 0~, 
makes the angle 90° + {3 \\·ith OA. A. cliYided circ le 
pro,·ides readings, 0, \\·hiC'h inerease as 0:\ goe,-; from 
Y tO\rnrd,-; Z. The XOY planr is taken as t he initial 
po:-;i t ion for O::\"; herr thr C'irde i,-; suppo:--rd to read 00 ; 

then 0, (a,-; rrad ) - Bo = 0 giw,- the rotation of O::\" 
from its initial po,-,ition. 
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'igure 11. Mirror transit coordinote system. 

a,b,/3 are adjusted to be less than 45", so that their 
,quares and products are less than 0'~01. With this 
restriction, the direction cosines of OA are (l,a,b), and 
he direction cosines of the normal in the general position 

a,re (-a cos0-b sin0-{3, cos0, sin0). 
In the focal planes of the north and south telescopes 

a,refixed graticules with horizontal and vertical markings. 
~ particular intersection of these markings is chosen as 
origin for measurement;it is supposed to be at(Xn,-l,Z0 ), 

(X.,I,Z.) respectively in the above co-ordinate system. 

Delermination of b, {3, X., etc. 

Three types of observation can be made for this 
purpose:-
1: with the mirror out of the way, the north graticule is 

photographed alongside the south graticule. 
2: with () approximately zero the sou th graticule is 

photographed alongside itself after one mirror reflec
tion . 

3: with () approximately 315°, the sou th graticule is 
photographed alongside itself after two reflections 
at the mirror, one at the mercury surface. 
These may be called collimation, autocollimation and 

nadir. Similar observations are made in the north 
collimator. 

The photographs so obtained are measured on a 
comparator in both X and Z directions. The conversion 
of comparator readings to arc follows in principle from 
two photographs of type 2 with suitably differing O's 
together with the readings of the divided circle. In 
general the circle settings will be, say, E different from 
the ideal ones. When X., z., etc., are ail kept less than 
60", and the various E's less than 0?05, products of 
these with a,b,/3 are almost negligible. 

The sense of ail measurements on the film is from the 
indirect (or remote) image lo the direct (or local image). 
Now tracing rays through the system shows the con
nection between the observed quantities and the un
knowns to be as follows: 

Type () Measure 

IS 
IN 
2S eo + E2s 

2N eo + E2n 

3S eo + Eaa 

3N eo + Ean 

X Measure 

C, + C. 
c. + c. 

2(C, + {3 + bE,,) 
2(C0 + {3 - bE2n) 
2(C,-b+v2/3+E3,(2b-y'2{3)) 
2{ Co -b+ y'2{3- Ean(2b-y'2{3)) 

Z Measure 

z. + z. 
z. + z. 

2(Z, - E2,) 

2(Zn + E2n) 
2(Z, - 2Ea.) 
2(Z0 + 2Ean) 

Here () measure is understood to mean the excess of () as read on 
the circle over the corresponding ideal value (0°, 180°, 315° etc.). 
Since X,, X. cannot at this stage be separated from a, 

X , -i- a is replaced by C,, (being somewhat similar to the 
ordinary collimation constant) 

Xn - a is replaced by C 0 • 

The unknowns as they stand, are over-determined, 
as Atkinson pointed out in Monthly Notices 107, 296. 
Consideration of the best method of solution is post
poned until the errors of the various measurements may 
be estimated. A combination of the measurements is 
readily found that gives values for ail the unknowns; 
an approximative method is necessary where the cross 
products are sensible. 

Star Observations: 

In the general case of star observations with the 
mirror at 0, the stellar image at some instant is supposed 
to fall at - X*, - Z*, in either collimator, where X* is 
the measured distance from the star image to the grati
cule image less X 0 or X. etc. 

Tracing in the reverse direction, the ray is found to 
intersect the unit sphere in: 

Xa = + X* - q + pZ* 
Y. = ±cos(20 ± Z*) + qX* 
Za = ± sin(20 ± Z*) + pZ* 

with the upper sign ap
plying to south colli
mator, lower to north. 

The subscript a is to indicate apparent position. 

p = a sin20 + b(l-cos20) + 2/3 sin0 
q = a(l + cos20) + b sin20 + 2/3 cos0 

It is convenient to introduce t, the approximate south 
zenith distance of the star by putting: 

t = 90° - (20. + Z*) or 
t = 270° - (200 - Z*) for south or north colli

mator observations. 

Refraction Corrections: 

The apparent zenith distance (cos-1Za) differs from I ri 
by an amount which is negligible for the purpose of enter
ing refraction tables to get the refraction correction, R. 

The true place of the star becomes: 

Xt = fX* ± q + pZ* + k cos ({) ( - S coll.) 
( + N coll.) 

Yt = sin(t ± R) + qX* ( + star north of zenith) 
Zt = cos(t ± R) + pX*, ( - star sou th of zenith) 

with k the diurnal aberration constant (0''.32), ({) the 
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latitude, and f = (1 + R ctg j s j ) = 1.00029. f varies a 
few percent with s and about ± 10% with pressure 
and temperature. Insofar as it is constant it may be 
incorporated into the scale conversion factor in X. 

Hour Angle and Declination: 
Using the customary notation (o declination, h hour 

angle west, cp latitude, ZD zenith distance, az azimuth 
from sou th via west) : 

Xt = sin ZD sin az 
Yt = sin ZD cos az 

coso sinh 
= in (cp- o) - 2 incp coso 

sin2h/ 2 
Zt = cos ZD = cos(cp- o) - 2 coscp coso sin2h/ 2 

Hence h = sin-1 (Xtseco); and 
(cp- o)u.c. = s ± R + sin 2o sin2h/ 2 ± pX* 

= (cp+ o -180°)L.c. 
for upper or lower culmination; where first ± refers to 
a south(north) star, the second± to sou th (north) colli
mator, respectively. 

The further reduction is similar to the ordinary transit 
circle reduction, and need not be given. It should be 
noted however that the reduction can be cast into the 
standard form 

a - (T + LlT) = m + ntgo + C seco 
with C variable, because of the terms involving {3. This 
is not an obstacle, since C has to be taken as variable, 
in effect, when allowance is made for pivot irregularities 
or small motions of the mirror in its cell. 

In any event a suitable combination of stars at small 
and larger zenith distance will yield a solution for a 
(or n). The details of doing this are deferred until the 
errors in determining X*,b,{3, etc., are known. 

Star Observations with Finite Exposure Times: 
So far the observations have been treated a in tan

taneous. In practice, transporting system, camera and 
film are to move horizontally behind the fixed graticule 
at the rate of the star's meridian motion in X. Under 
these circumstances the resultant motion of a star with 
respect to the film i a rotation (about the transit point) 
at the diurnal rate times sino . The linear motion of the 
image with respect to the film (in seconds of arc per 
second of time) is 5.45 X 10-4h sin 2o, with h in seconds. 
For all but the high declination 'azimuth mark' stars, 
mid-exposure will lie within 5•seco of transit, o that 
the residual trailing will alway be Jess than l", and, as 
borne out by photographie zenith tube observations, 
totally masked by diffraction, seeing and irradiation 
effects. For most stars, then, the centre of the dot 
represents the star position at mid-exposure. 

The non-driven stars will show trailing, and the best 
treatment is to be decided by experience. The present 
policy, which gives results adequate for the intended 
purpose, is to take three or four exposures in succession 
and then measure the gaps. For example BD89-2, which 
has declination of 89°30', is given three exposures of 30 
seconds duration with 30-second gaps. A quick calcula-
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Figure 12. Typ ical photos. 
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The numbers given ore from the FK3, together with the magnitudes. The stars have been deliberotely overexposed, and a bright flash hos been used sa 
thot the stars and reticle images will show up well in reproduction. Note the screen diffraction pattern for 615 and 616, end the feint componion for 1421 . 
The "holf•orrow-heods" on the outside horizontal lines ore due to reflections from the wall of the tronsporting- lens tube , 
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tion how that the imag moyc.- about O micron:,; in 
30 seconds; and unie the sccing condit ions a rc cxcep
tional thi motion can be concealed by atmospheri c 
effect . Indeed one cannot, on cun,ory examination, dis
tinguish these trail image from those obtained from 
tracking t he faint star in ot hcr part · of the ky. 

The times of beginning and end of cxposurcs are noted 
to the nearest second, and the fl ash i initiated by thr 
observer at orne convenient t imc. Further, ince thcse 
tars may be obscrved far from the grat icule origin, it 

will be necessary to calibrate outer marks of the grat icule 
with respect to the origin- probably by visual observa
tion of the transit of equatorial star acro. s them. 

Ejfect of Inaccurale Drù,e Raie: 

Since provision i not made for prccisc determination 
of the instant of mid-exposure, the error introduced by 
confusing thi in tant " ·ith the instant of a particular 
flash is examined. 

If the distance from the -tar image to the ith graticule 
image is mea ured and taken to be related to h i by the 
equation previously given, an error is commit ted-

E = (ti -t.) (k- l )r6 (to be added to h i coso), 
where ti i the instant of the ith flash, t 0 that of mid
exposure, r 6 the ideal drive rate and k t he ratio of the 
actual rate to the ideal. The crror is secn to be ind epend
ent of the length of exposure, and to vanish for k = 1 
and/ or ti = t •. It i seen that if the i th image is chosen 
to be t hat nearest t o te, then for k bet,veen .999 and 
1.001, 

E seco will be le s than 0':0-!, 0':0 , 0':22, 
respectively for the three flash intervals used. This is 
almost acceptable in vie"· of the fact that (ti -te) will 
vary randomly from star to star and from night to 
night. For part of the sky the rate error mentioned may 
possibly be halved . 

Conclusion: 

If the drive rate is closely cont rolled, restrictions on 
the timing of the exposure are readily met. The phase 
of the screw is not required in photographie operation , 
except for keeping the optical system tolerably centred 

on lhr star. As the mirror transit clock correction i 
rcquired only fo r the redurtion of its own observations, 
il i-;ufficci-; lo ai-;i-;ure lhe inYariability of the flash inter
val:;, and lo dctcrmine the approximalc whole second 
of any one of cach of the three types. In view of the 
differential nature of the measurements the impie 
mcthods suggestcd for detC'rmining scalc facto rs should 
be adcquate. 

A recent short series of trial photographie observa
i ions of a list of about 20 fundamental stars well dis
t ri buted in dcclination and magnitude indicate , on 
prcliminary diffcrential rcd uction, mean errors of about 
25 milliseconds in Âaco a and about 0':75 in Âo. The 
principal correct ions still to be applied are t hose for the 
apparent variation of {3 with 0 and for t he accidentai 
errors of t he individual divisions of t he circle. Both are 
at present ill-determined; t he fir -t is apparently Jess 
than 20 milliseconds, bu t the second may amount to 
sevcral tenths of a second of arc. 

A portion of t he north eollimator film strip from 
observation of Octobcr 1961 i shown in Figure 12. 
It ·hows that t he horizon tal 'wires' are heavier than the 
Yertical because of t he many fla hes during a tracking 
ob ervation. The increased thickness has no adverse 
effect on t he abi li ty to measure distances. The many 
cratche on the film are due to break-in on film guides, 

and now no longer appear. 

Xo insuperable difficulties have been found with the 
photographie method. Shortly after the Figure 12 series 
of tria l cxposures, the winter eason afforded t he first 
opportuni ty to assess cold-weather operation. It was 
found that t he ynchronou motor for tracking drive 
had insufficient torque (at near-equatorial speeds) to 
overcome t he increa ed friction concomitant to cold
weather operatio n. It was encouraging to find t hat t he 
ball-and-di c in tegrator functioned normally within the 
limi tations of t he observational method. However, for 
photographie purposes it has been decided to separate 
t he function of plate drive and mirror setting; and to 
replace the ball-and-dise integrator with a digital veloc
ity computor as a lready described. 





CA ADA 

DEPART IE TT OF MI ES AND TECH ICAL S RVEYS 

Dominion Obser valories 

PUBLICATIONS 
of the 

DOMINION OBSERVATORY 

Volun1e XXV · No. 4• 

A JUMPl G-FILM CAlvIERA 

FOR METEOR PHOTOGRAPl-lY 

I. f-Ialliday and A. A. Griffin 

Reprinted from 

Juum al of Scientific Instrument s, 1965, Vul . 40 





Reprinted from the Jaumal of Scie111ific !11s1rL1111e111s, VoL. 40, pp. 187- 188, APRIL 1963 

A jumping-film camera for meteor photography 

1. HALLlDA Y and A. A. GRIFFl 
Dominion Observatory, Ottawa, Ontario, Canada 
MS. receÏl'ed 22nd November 1962 

A camera system is described in which the film advances by short, sudden jumps. Three 
similar cameras are described , in which the film is advanced 10, 100, and 150 times per minute 
respectively. The cameras were designed for use in meteor spectroscopy, but the technique 
should prove useful in other applications. 

1. Introduction 
The instruments de cribed in this paper were designed in 
order to investigate particular problems in meteor spectro
scopy. The general features of the instruments, however, 
appear to have applications to other problems of night-sky 
photography, particularly in the observation of satellites or 
rockets from ground stations. 

When the auroral green line (À.5577) was first detected in 
meteor spectra (Halliday l 958) it was suspected that the 
duration of the emission of this forbidden line was quite 
short, probably only a small fract ion of a second. Later 
however (Hall iday 1960), when observations of the line were 
made through rotating shutters, the absence of a perceptible 
decay in the occulted portions of the trail showed that the 
duration of the luminosity was long compared to the length 
of an ind ividual exposure (about O · l sec) a nd quite possibly 
was as long as the expected lifetime of the metastable state, 
i.e. l · O sec. 

Two meteor spectrographs have been constructed with 
which it is hoped to record multiple images of À.5577 during 
the decay after the passage of the meteor itself. A third, 
simi lar instrument bas been adapted to the problem of 
photographing the spectrum of a persistent meteor train. 
Basically the instruments consist of a transmission diffraction 
grating mounted in front of the objective of an extremely fast 
camera system. Instead of advancing the film a whole frame 
at intervals of one to several minutes the film is advanced a 
short distance at quite frequent intervals. For the two 
'green-line' spectrographs the film advance rates are 100 and 
150 per minute, while for the train spectrograph a much 
slower rate of 10 advances per min ute is employed. The 
cameras may conveniently be designated by these film 
advance rates, i.e. cameras 10, 100 and 150. 

2. The optical components 

The camera lens in each case is a Super-Farron lens with a 
focal length of 76 mm and a focal ratio of j /0 · 86. The 
angular diameter of the circular field is 30° and the Jens 
maintains good definition over this field. As in other lenses 
of extreme speed the focal plane is situated close to the 
last element of the optical system, in this case 3 mm from the 
rear face of the Jens. 

The table lists details of the three instruments. The 
gratings are Bausch and Lomb replica transmission gratings 
with the number of rulings and blaze wavelengths shown in 
the table. The blaze for the grating on camera 100 is parti
cularly efficient for several hundred ângstroms on both sides 
of the blaze wavelength. The dispersions of the first-order 
spectra are also shown in the table. 

Description of the instruments 

Focal length (111111) 
Grating (lines per mm) 
Blaze,\ (Â) 
Dispersion (Â mm - I) 
Film advance timc (sec) 
Effective exposure (sec) 
Length of advance (mm) 
Duration of 100 ft roll (h) 

3. The camera body 

Camera JO 
76 

400 
5000 

328 
0·02 
5·98 
6·25 
8· 13 

Camera 100 
76 
85·7 

4800 
1530 

0·023 
0·577 
0·646 
7·86 

Camera 150 
76 

400 
5000 
328 

0·012 
0·388 
0·646 
5·24 

The camera body is a modified 'Vinten 70 mm Recon
naissance Camera' chosen for its film size and adaptability 
to the desired spectrographs. The shutter bas been removed 
and the film advance system modified almost completely. 
The internai heating, controlled by a thermostat, is retai 
so that the cameras may be operated at winter temperat 
in northern Alberta. The heaters are run from a 24 v 
supply and deliver 100 w to each camera. 

4. Film advance system 

The problems of film exposure are basically the same as 
encountered in other forms of meteor photography. To 
avoid losing exposure time the shutter is removed and the 
film is advanced rapidly between exposures. For this fast 
Jens a particularly high speed film advance is required to 

Details of film advance mechanism. 

1 
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avoid trailing of images between exposures. Also, for full 
frame exposures of less than one second the film consumption 
would be enormous. Because of the relatively few strong 
lines in the meteor spectrum and the fact that the auroral 
green Jine is normally confined to the upper portion of the 
trait where other lines are weak or absent, it was found that 
by advancing the film small calculated intervals in the direc
tion of the dispersion serious overlap of spectral images 
should be avoidable. The mechanical problems of rapid 
film advance and the excessive consumption of film are then 
reduced greatly. The slower film advance rate for camera JO 
permits a much longer length of film to be advanced each 
time. 

The film advance system of camera 100 is shown in the 
figure. The system is identical for cameras 100 and 150 
except for the variation in speed. The spiral cam A is driven 
by a 100 rev min- 1 synchronous motor. As it rotates, the 
lever B, on which is mounted a spring-loaded dog C, is drawn 
back against the tension of a spring D. As the lever B is 
forced fully back by the cam, the dog C drops behind a 
tooth of the escapement wheel E, which has 96 teeth and is 
mounted on the end of the film advance sprocket. During 
this motion a fiat spring F engages in the escapement wheel, 
preventing the wheel from rotating backwards. When the 
cam A is rotated further, the lever B, under tension of the 
spring D , drops off the lip of the cam, and the dog C advances 
the escapement wheel E and hence the filin. In the position 
of the figure the lever is just ready to drop off the lip of the 
cam. As the motor continues this cycle is repeated. The 
tension in spring D is adjusted so that the film is advanced 
fast enough to assure negligible trailing during the advance 
and yet not cause excessive vibration. The spring G acts as 
a belt to drive the take-up spool in the film magazine, acting 
through the assembly H which includes a slipping clutch to 
allow for the changing diameter of the spool as the film is 
wound from the supply to the take-up spools. 

The slower advance rate and longer film advance for 
camera JO required modifications to the film advance 
mechanism. The toothed wheel now has only JO teeth and 
is of small diameter. The cam on the motor shaft has been 
replaced by a wheel on which a pin is mounted. The pin 
deflects the lever arm through a considerably greater arc 
than in camera 100 in order to move the dog far enough to 
clear one of the larger teeth on the toothed wheel. The spring 
drive to the take-up spool has been replaced by a rubber belt 
drive. 

Tests of the film advance mechanisms indicate that the 
advance is accomplished in a small fraction of the total 
exposure time. The times required for film advance and the 
effective duration of the exposures between advances are 
shown in the table. Also shown in the table are the lengths 
of each film advance and the time in which a l 00 ft roll of 
film would be exposed, neglecting the slight Joss due to loading 
the film. 

5. Altitude-azimuth mount 

The mount used for this camerais in part the conventional 
altitude-azimuth mount, with a rotating turntable for azimuth 
adjustment and a fork in which the camera rota tes in altitude. 

1t has been mentioned that the film must be advanced in the 
direction of dispersion of the grating. Jn rneteor spectroscopy 
the meteor itself acts as the line source and the grating is 
oriented so its lines are parallel to the most probable direction 
of a meteor during meteor showers. The mounting is 
designed to be able to fulfil both of these conditions. Once 
the camera has been focused the grating is aligned so that 
the dispersion is in the direction of film motion. The camera, 
including Jens and grating, is fastened to a circular collar 
which can be rotated in a cross member to fulfil the second 
condition. The cross member is mounted on pivots which 
rotate in 'V' grooves eut in the brass plates on top of the fork. 

6. Discussion 
Cameras l 00 and 150 were designed specifically for 

measuring the decay of the emission from À5577. The ratio 
of 3 to 2 in exposure durations is an attempt to reach a 
balance between the good time resolution one would desire 
and the exposure time required to secure an image of a faint 
source. Any fast, green-sensitive emulsion would be suitable 
for these cameras. With the gratings aligned as described 
the spectra of those stars wh.ich are bright enough to record 
are smeared out into a continuous streak by the overlap of 
successive exposures. 

It is hoped that these cameras will record meteors as faint 
as magnitude 0 or + 1. From the existing evidence it appears 
that À5577 may be a relatively stronger contributor for these 
meteors than for the group of very bright meteors. With 
an expected duration of about 0 · 3 sec for meteors in this 
range there is an appreciable chance that the film will be 
advanced while the meteor is still in flight. In many cases 
the break produced in the normal meteor spectrum can be 
used to infer the duration of the first (incomplete) exposure 
011 À5577. 

Camera JO has been designed to attack the difficult problem 
of recording photograph.ically the spectrum of an enduring 
meteor train. Since the train may well be a diffuse line in 
th.is case, spectral resolution may be achieved by increas
ing the number of rulings per millimetre on the grating 
but not by increasing the focal length of the camera. 
From attempts to record trains on blue-sensitive emulsions 
it is known that they are deficient in blue light and from 
early visual spectral observers (Herschel 1881) it is expected 
that trains will show lines in the green, orange and probably 
red regions. A fast, panchromatic film is required. For 
enduring trains there is a chance that a visual observer 
spotting a train outside the field of the camera will have 
sufficient time to swing the instrument in its altitude-azimuth 
rnounting to record the decay of the train luminosity. 
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Diffusion Effects Observed in the W ake Spectrum 

of a Geminid Meteor 

By Ian Halliday 1 

The spectrum of a spectacular Geminid 
meteor was photographed on the night of 
December 12/13, 1960, at the Meanook Meteor 
Observatory (q:,=54°37'N, À=ll3°21 'W). 
This is one of two meteor observatories operated 
by the Dominion Observatory in northern 
Alberta. The spectrum exhibits interesting 
peculiari ties. 

The meteor was photographed with a con
verted Kl 9 aerial camera, focal length 12 inches, 
focal ratio f/2.5, using Kodak Spectroscopie 
I-D emulsion on glass plates 8 by 10 inches. 
A Bausch & Lomb replica transmission grating 
with 300 lines per mm was mounted immedi
ately in front of the camera objective. The 
camera was occulted 12.5 times per second by a 
rotating shutter with a closed-to-open ratio of 
2:1. 

The meteor was not observed visually but 
was recorded on an exposure that began at 
3h32m U.T. and ended at 4ho.5m U.T., Decem
ber 13, 1960. The meteor was initially outside 
the field of view of the camera, but the zero
order image entered the field before peak 
luminosity was attained, while the first- and 
second-order spectra entered the field at pro
gre.ssively lower heights. 

The spectrum is reproduced in plate 1. The 
meteor moved from upper right to lower left. 
The right-hand edge of the photograph is the 
edge of the original plate. The first segment 
of the zero order at the top of the photograph is 
the sixth segment that appeared on the plate, 
while the lower end of the zero order (beyond 
segment 13) has been omitted at the left. The 
segment numbers are shown opposite each 
segment of the spectrum along the right-hand 
edge. Segments 20 and 21 are detectable only 

1 Dominion Observatory, Ottawa, Canada. 
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in the first-order image of the Na D lines. A 
small portion of the first- and second-order 
spectra of Vega appears in the lower left corner 
of the photograph. 

Height and velocity measures 

Since the meteor was photographed from only 
one station, no direct measures of height or 
velocity are possible. Reasonably accurate 
heights may be obtained, however, by assuming 
a radiant position and velocity for the Geminid 
shower and then determining ranges and hence 
heights from the observed angular velocity. 

A standard Geminid radiant at a=l13°, 
ô= +32°, was assumed (Millman, 1954) since 
the meteor appeared within an hour of the peak 
of the shower (solar longitude 261 °.1). This 
assumed radiant was displaced to allow for the 
eff ect of zenith attraction. It was then found 
that the observed trail passed through the 
apparent radiant shortly before the end of the 
exposure, which gave a computed time for the 
appearance of the meteor of 4h0lm U.T. 

A plot of the observed angular velocities 
along the trail indicated a marked deceleration 
in the latter half of the observed trail. The 
angular velocity at the bottom of segment 4 was 
assumed to correspond to a meteoric velocity of 
36.0 km/sec, and other heigbts and velocities 
were based on this assumption. The meteor 
was 90° from the radiant near the end of seg
ment 10, at a minimum range of 106.0 km from 
the camera. Table 1 lists the computed heights 
(corrected to sea level) and corresponding 
velocities at the lower ends of selected segments. 
Errors in the assumed meteoric velocity,radiant 
position, and speed of shutter rotation could 
result in the heights and velocities of table 1 
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being in error by as mucb as 3 to 5 percent. 
There is no doubt, however, that the meteor 
penetrated to unusually low heights in the 
atmosphere. 

TABLE 1.-Heights and velocities 

Heioht of 

&ornent 

1 
5 
9 

13 
15 
17 
19 
21 

bottom of 
&eoment 

(km) 

72. 9 
67. 2 
61. 5 
55. 9 
53. 3 
50. 7 
48. 5 
46. 6 

The meteor spectrum 

Velocitv 
(kmf•ec) 

36. 1 
36.0 
35. 4 
33. 7 
32. 3 
30. 3 
26. 7 

The dispersions of the first and second orders of 
the meteor spectrum were found to be 95 and 
46 A/mm, respectively. Atomic emission lines 
indentified in this spectrum are shown in table 
2. A total of 95 features are identified. The 
spectrum appears normal for a meteor of this 
velocity except that the lines of ionized mag
nesium, calcium, and silicon are relatively 
strong compared to those in the spectra of 
fainter meteors with the same velocity. Almost 
all the lines in table 2 were also identified in a 
recent study of Perseid spectra (Halliday, 1961) . 
The only significant addition is the pair of lines 
of Al I at 3944 and 3961 A. These are barely 
detectable by sighting along the lines rn a 
30 X enlargement of the strongest segment of 
the second order. The much greater relative 
strength of the H and K lines for fast meteors 
makes the detection of faint lines m this 
spectral region very difficult for Perseid spectra. 

TABLE 2.-Measured emission lines in the Geminid 
spertrum 

Àmu1 

3683. 1 

3705. 4 

3719. 9 
3735. 6 

3747. 8 

Atom or ion 

Fe I 

Fe I 
Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

Fe I 

MuU. 

5 

21 
5 

21 
5 
5 

21 
5 

21 

Àlab 

3679. 9 
3683. 1 
3687. 5 
3705. 6 
3707. 8 
3709. 2 
3719. 9 
3737. 1 
3734. 9 
3745. 6 
3748. 3 
3749. 5 

TABLE 2.-Measured emission lines in the Geminid 
spectrum-Continued 

Àait•• 

3797. 1 

3815. 9 
3821. 0 
3825. 1 

3832. 8 

3839. 1 
3856. 4 

3859. 7 
3878. 2 

3886.5 
3900. 3 
3905. 5 
3921. 4 

3933. 6 
3943. 6 
3960. 6 
3968. 8 

3997. 2 

4005. 0 
4030. 8 
4033. 5 

4046. 1 
4063. 4 
4071. 7 
4132. 4 

4144. 4 

4155. 5 

4200. 9 

4217. 3 
4226. 6 

4250. 9 

4253. 6 
4260. 6 
4272. 1 

4274. 2 
4282. 2 

Atom or ion 

Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Mgl 

Fe I 
Mgl 
Fe I 
Si JI 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

Ca II 
Ali 
Ali 
Ca II 
Fe I 
Fe I 
Fe I 
Fe I 
Mnl 
Mnl 

Fe I 
Fe I 
Fe I 
Si II 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Ca I 
Fe I 
Fe I 
Fe I 
Cr I 
Fe I 
Fe I 
Fe I 
Cr I 
Fe I 
Ca I 

MuU . 

21 

45 
20 
20 
45 

3 

20 
3 
4 
1 
4 
4 

20 
4 
4 
4 
4 

1 
1 
1 
1 

43 
276 
278 
43 

2 

2 

43 
43 
43 

3 
43 
43 

523 
354 
355 

42 
152 
522 

3 
2 

693 
42 

152 
1 

]52 
42 

152 
1 

71 
5 

3795. 0 
3798. 5 
3799. 5 
3815. 8 
3820. 4 
3825. 9 
3827.8 
3829. 4 
3832. 3 
3834. 2 
3838. 3 
3856. 4 
3856. 0 
3~59. 9 
3878. 6 
3878. 0 
3886.3 
3899. 7 
3906. 5 
3920. 3 
3922. 9 
3933. 7 
3944. 0 
3961. 5 
3968. 5 
3969.3 
3998. 1 
3997. 4 
4005. 2 
4030. 8 
4033. 1 
4034. 8 
4045. 8 
4063. 6 
4071. 7 
4130. 9 
4132. 1 
4143. 9 
4143. 4 
4156. 8 
4154. 5 
4202. 0 
4198. 3 
4199. 1 
4216. 2 
4226. 7 
4227. 4 
4250. 8 
4250. 1 
4254. 3 
4260. 5 
4271. 8 
4271. 2 
4274. 8 
4282. 4 
4283. 0 
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TABLE 2.- Measured emission lines in the Geminid 
spectrum-Continued 

x .... 
4290. 2 

4307. 6 

4314. 2 
4325. 8 
4353. 1 

4376. 1 
4383. 6 
4404. 8 
4415. 9 
4427. 1 
4461. 6 
4481. 4 

4530 
4920. 4 

4955. 1 

5008. 9 b 

5041. 3 

5108. 5 

5146. 1 b 

Atom or io11 

Cr I 
Ca I 
Fe I 
Fe I 
Ca I 
Fe I 
Fe I 
Mgl 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Mg II 

Fe I 
Fe I 
Fe I 

Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

Fe I 
Nal 

5169. 4 Mg I 

Fe I 

5183. 6 
5207. 2 

5227. 2 

5269. 5 

5328. 5 

5341. 8 
5370. 5 

Fe I 
Fe I 
Mgl 
Cr I 

Fe I 
Fe I 

Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 
Fe I 

b Feature notlceably broad. 

Mult. 

1 
5 

3, 41 
42 

5 
71 
42 
14 
71 

2 
41 
41 
41 

2 
2 
4 

2 
68 

318 

318 

16 
318 

16 
36 

1 
16 
36 
16 

383 
8 

2 

1 

36 
37 

2 
7 

37 
383 

15 
37 

383 
15 
37 
37 
15 

4289. 7 
4289. 4 
4291. 5 
4307. 9 
4307. 7 
4315. 1 
4325. 8 
4351. 9 
4352. 7 
4375. 9 
4383. 5 
4404. 8 
4415. 1 
4427. 3 
4461. 7 
4481. 1 
4481. 3 
4482. 2 
4528. 6 
4919. 0 
4920. 5 
4957. 3 
4957. 6 
5012. 1 
5006. 1 
5041. 1 
5041. 8 
5110. 4 
5107. 5 
5107. 6 
5142. 9 
5150. 8 
5139. 5 
5148. 8 
5153. 4 
5167. 3 
5172. 7 
5166. 3 
5168. 9 
5171. 6 
5167. 5 
5183. 6 
5204. 5 
5206. 0 
5208. 4 
5227. 2 
5226. 9 
5232. 9 
5269.5 
5270.4 
5266. 6 
5328. 0 
5328. 5 
5341. 0 
5371. 5 

TABLE 2.-Measured emission lines in the Geminid 
spectrum-Continued 

5402.8 

5429. 8 
5448. 8 
5456. 9 
5499.0 

5528.3 
5573. 2 
5587. 2 
5615. 5 
5685. 8 

5712 

5892. 9 

5980. 2 
6063 
6105 
6121. 9 
6139 

6157.0 

6162. 7 
6229 
6251 
6347. 1 
6369 
6397. 8 

6438 
6461 

6494. 4 

Atom or ion 

Fe I 

Fe I 
Fe I 
Fe I 
Fe J 

Mgl 
Fe I 
Fe I 
Fe I 
Nal 

Fe I 
Mgl 
Nal 

Si II 
Fe I 
Ca I 
Ca I 
Fe I 
Fe I 
Nal 

Ca I 
Fe I 
Fe I 
Si II 
Si II 
Fe I 
Fe I 
Ca I 
Fe I 
Ca I 
Fe I 

Variation in luminosity 

,\fult. 

15 

15 
15 
15 
15 

9 
686 
686 
686 

6 

686 
8 
1 

4 
207 

3 
3 

169 
207 

5 

3 
207 
169 

2 
2 

168 
816 
18 

168 
18 

168 

5397. 1 
5405. 8 
5429. 7 
5446. 9 
5455. 6 
5497. 5 
5501. 5 
5506.8 
5528. 4 
5572. 9 
5586. 8 
5615. 5 
5682. 6 
5688. 2 
5709. 4 
5711. 1 
5890. 0 
5895. 9 
5979. 0 
6065. 5 
6102. 7 
6122. 2 
6136. 6 
6137. 7 
6154. 2 
6160. 7 
6162. 2 
6230. 7 
6252. 6 
6347. 1 
6371. 4 
6393. 6 
6400. 0 
6439. 1 
6462. 7 
6462. 6 
6495.0 

The photograph in plate 1 indicates that this 
meteor maintained approximately peak lumi
nosity from segments 6 to 16, inclusive, an 
atmospheric path length of 27 km. Before 
segment 6, the zero order is considerably 
weaker, while the spectral lines are fading 
noticeably by segment 17 and drop abruptly 
in intensity at segment 19. Peak luminosity 
appears to occur at about segment 11, near a 
height·of 59 km. The lines in the blue region 
of the first-order spectrum appear stronger here 
than m subsequent segments, although the 
variation between segments 11 and 14 is quite 
small. 
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To estimate the peak luminosity the zero
order image of the meteor was compared with 
zero-order star trails. The meteor trail is 
definitely weaker than the trail of Vega and 
appears to match the zero order of a Cygni. 
The meteor image trails across the plate at 
a rate 5,820 times greater than does the image 
of a Cygni, corresponding to a difference of 
9.4 magnitudes. The apparent magnitude of 
a Cygni is + 1.3, from which the meteor magni
tude is estimated at -8. This is a "panchro
matic" magnitude, which may be influenced by 
such factors as emulsion sensitivity and the 
blaze of the grating. In other cases (Cook 
and Millman, 1956; Millman and Cook, 1959), 
it proved to be only slightly different from 
photographie magnitudes. 

The meteor exhibits a rapid fl.ickering super
imposed on the gradua! rise and fall in overall 
intensity. The frequency of the fl.ickering was 
estimated in each segment by measuring the 
fraction of a complete segment occupied by the 
largest number of complete cycles observed 
within the segment. The results were con
verted to cycles per second and are shown 
plotted in figure 1. 

Over most of the observed trail the flicker 
is within the range of 100 to 300 cycles per 
second. In a sense, it follows the general 
light curve with a gentle rise to maximum 
and a steeper decline. The peak of the fre-
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F1GURE 1.- Frequency of the flickering plotted against 
position along the trail as indicated by segment numbers. 

quency curve occurs about two segments 
after the peak of the light curve. From seg
ments 9 to 12 the frequency is fairly constant 
near 150 cps, but jumps suddenly at segment 
13 to about 320 cps and then declines, only 
slowly, for another two segments. The ampli
tude of an individual fluctuation reaches a 
maximum near segments 10 to 12, resulting 
in a more pronounced fl.uting of the spectrum 
here than at other places. 

The periodic fi.a.ring might be interpreted 
as indicating the repeated crumbling or frag
mentation of minor amounts of material from 
the main meteoroid in the form of solid frag
ments. The increased surface area exposed 
to ablation would then account for the increased 
luminosity at each minor fi.are. 

Alternatively, the phenomenon might be 
closely associated with rotation of the meteor
oid. If the meteoroid is quite irregular in 
shape and rotates in such a manner that it 
alternately presents a large side and a smaller 
end to the oncoming atmosphere, tben the 
amount of material ablated, in gaseous form, 
would vary in a periodic manner. The light, 
of course, is produced by the hot ablated gas 
and not by the solid surface. 

A third possibility, suggested by Dr. L. G. 
J acchia, is based on labo ra tory studies of 
ultraspeed pellets by Rinehart (Rinehart, 
Allen, and White, 1952). A fl.ashing phenom
enon was observed for the pellets and ex
plained by an oscillation of the pellet during 
its fl.ight. The luminosity will be low if there 
is a leading edge of the object, and high when 
a whole face of the object is exposed to ablation. 
For a meteor at relatively low heights where 
continuum fl.ow occurs, as is expected for this 
Geminid, an oscillation may be set up that 
would lead to a flickering phenomenon. Sud
den jumps in the frequency of the fl.icker, such 
as are observed near segment 8 and again just 
before segment 13, could indicate a tumbling 
of the meteoroid to oscillate about a new axis. 
On the rotation hypothesis these changes 
might be interpreted as a fracturing of the 
object into two or more pieces with an accom
panying increase in rotational velocity for 
each piece. It is noted, however, that no 
general increase in luminosity accompanies 
these changes in the period of the fl.icker, 
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PLATE 1 

A Geminid meteor spectrum showing parts of the zero order (at left), and first- and second-order spect ra. 
Segment numbers are indicated at riglit. 



PLATE 2 
Great Ir enlarecd portion of the meteor spectrum showing the split wakc- lines of JI and Kin segment 15 

of the second-ordcr spectrum. 
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which suggests that the effective exposed 
area is not greatly changed. This would 
appear to favor the oscillation hypothesis. 

The wake spectrum 

The zero-order image shows a slight wake in 
the gap between the segments, beginning at 
segment 6. The D lines of Na I show a strong 
wake where they enter the field of the camera 
at segment 11, and the wake is observable as 
far as segment 19. Peak intensity of the wake 
occurs at segment 15, where the following mul
tiplets can be detected in the wake: Na I, 1; 
Mg I, 2, 3; Ca I, 2; Ca II, l; Mn I, 2; Fe I, 1, 2, 
4, 5, 15,20,21,41,42,43. 

Most of these multiplets have been listed in 
earlier studies of wake spectra (Halliday,1958), 
although the manganese lines near 4030 A 
have not been listed previously. The wake 
spectrum shows the usual preference for lines of 
low excitation potential, but it is less pro
nounced than in most other cases. The line of 
Mg I, 2 at 5183.6 A is moderately intense in 
the wake, whereas its presence was quite doubt
ful in most earlier wake spectra. The H and K 
lines of Ca II are strong in the wake and persist 
essentially as far back into the gap as the other 
wake lines, in contrast to some spectra in which 
the H and K lines decay much faster in the wake 
than the low-excitation Na I and Fe I lines. 

The most significant feature of this spectrum 
appears to be a clear splitting of the stronger 
wake lines into two components. It is observ
able in the second-order spectrum from segments 
14 to 18. The H and K lines show the splitting 
most distinctly because of their strength, but 
other lines in which it is also observable are: 
À 4045 of Fe I, 43; À 4226 of Ca I, 2; and À 4383 
of Fe I, 41. For the Na D lines; in the :first
order spectrum, the situation is complicated by 
the fact that the splitting is in general compa
rable to the ·separation of the two D lines. In 
segments 18 and 19, however, the separation due 
to the splitting eff ect is large enough to show in 
spite of the duplicity of the spectral feature. 
For the remainder of the wake lines the inten
sity in the wake is either too low or the resolu
tion of individual lines is too poor to identify 
both components of the wake lines. 

The two components of one wake line may 
be considered as "red" and "violet" compo-

nents; i.e., displaced to longer or shorter wave
lengths compared to the position of the main 
spectral line in the adjacent segment of the 
normal meteor spectrum. The flickering eff ect 
can be detected in the wake, although in some 
cases only one component appears to strengthen. 
The individual components show distinct curva
ture in places with little correlation between 
the two components. In some instances the 
wake components can be traced down the trail 
well into the following segment of the meteor 
spectrum. 

Individual descriptions of the components 
of the H and K lines, in the second order, are 
given below for segments 14 to 18. 

Segment 14.-The red component is the 
stronger, shows some curvature, and appears 
to fluctuate more due to flickering than does 
the violet component. The images are within 
1 mm of the extreme edge of the plate, which 
limits the value of this segment. 

Segment 15.-A large-scale reproduction of 
this region is shown in plate 2. The red com
ponent is strong near the main segment and 
can be traced back farther than the violet one. 
The eff ects of flickering are more evident in the 
violet component. Both components show 
some minor kinks, particularly near the main 
segment. 

Segment 16.-The red component is very 
strong in the lower portion of the wake, while 
the violet component is weak. The violet 
line strengthens considerably at an earlier fi.are 
in this segment of the wake. The red compo
nent may be detected higher than the violet 
one, and also continues about two-thirds of the 
way through the main part of segment 16. 
With decreasing height within the segment, the 
red component approaches the main line but 
fades out before actually joining the main 
spectral line. 

Segment 17.-The violet component is much 
the stronger in this segment. Just above the 
main segment the splitting is quite large, while 
the violet line bends over toward the red com
ponent a little farther up in the wake. 

Segment 18.-The wake is now quite weak, 
with the violet component stronger than the 
red component. The splittmg of the two com
ponents is larger than in earlier segments. 
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ln the first-order Na D lines the two compo
nents are not clearly resolved until segment 18. 
Faint double wake-lines are also detectable in 
segment 19 for Na D, with an even wider 
separation than in segment 18. 

lnterpretation of the double lines 

One obvious explanation to consider for the 
doubling of the spectral lines in the wake is a 
physical splitting of the meteoroid into two 
pieces. This has been observed for some 
meteors; for example, in spectrum 132 (Millman 
and Cook, 1959). A splitting of the meteoroid 
was suggested as one possibility to ac
count for the sudden jump in the fre
quency of the flicker at segment 13. While this 
may have occurred it is not the explanation 
for the double wake-lines, since the wake-lines 
are generaUy converging near their lower ends 
in each segment, while a splitting of the mete
oroid would lead to diverging fragments. In 
segn1ent 16 the red component can be traced 
for a total distance equivalent to half a com
plete segment, whereas the exposure time is 
only one-third of a segment; i.e., the red com
ponent is not an exposure on a trailing fragment. 

The two components are not due to Doppler 
effects of an expanding column. The observed 
splitting would correspond to a relative expan
sion, transverse to the direction of meteor 
motion, of about 600 km/sec. This is a most 
unreasonable value when the initial velocity 
of the meteor was only 36 km/sec. 

The best interpretation is that the wakc 
represents a time exposure of the expanding 
colunm of meteoric gas, taken while the lumi
nosity is decaying. Meteor spectrographs are 
slitless spectrographs, which produce a broad 
image of a broad source even in monochromatic 
light. The two wake components apparently 
represent a side view of a hollow luminous 
column that shows two well-defined edges 
because the effective thickness of the luminous 
portion is small compared to the thickness of the 
en tire column. Note that in comparing the two 
components at 11 particular point on the trail, 
one should compare two points on a line per
pendicular to the direction of meteor motion, 
rather than two points on a line parallel to the 
spectral dispersion. 

Figure 2 shows three computed curves for the 
intensity profile plottecl along a rndius of the 
column from x=0 at the center to x= 1.0 at the 
outer cdge. The three curves correspond to an 
effective thiclmess t of the luminous portion of 
the column of 0.05, 0.15, and 0.40, in units of the 
column radius. The resolution of the plate is 
insufficient to rule out very small values of t, 
but the components are sharp enough to indica~ 
that the effective value of t is not much greater 
than 0.15. 

One complete segment corresponds to o~oso, 
made up of an cxposure of 0~027 and an occulted 
intervaJ of 0~053. The wakc is observable 
approximately halfway across an occulted por
tion, from whichit follows that the effective dura
tion of the luminosity is considerably less than 
one shutter break. For ail points within the 
gap, the total exposure is thesame, 0~027, but the 
"age" of the column when the exposure starts is 
different for each point. A point at the lower 
end of 11 normal wake, where the main meteor 
spectrum segment is starting, receives an expo
sure fromage t=0~0 to t=0~027. For a point in 
the middle of the gap, the exposure runs from 
t=0~027 to t=0~054. This is about the last 
observable point in most segments; i.e., there is 
insuflicient luminosity emitted after t=0~03 to 
record on the plate. 
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FIGURE 2.-Computed intensity profiles for three values of t, 
the effective thickness of the luminous column. 
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AB noted earlier, some of the wake lines, par
ticularly the red components, can be traced 
down int,o the following segment. For different 
points witbin the segment itself, ail exposures 
start at t=0 but have different durations. The 
durations decrease linearly with distance down 
the segment from a maximum exposure of 0~027 
at the top to o~ooo at the bottom (where the 
shutter occults the camera for the next 0~05). 
In segment 16, it was noted that the red com
ponent was observable two-thirds of the way 
through the segment; i.e., for any exposure 
duration longer than 0~009. 

Magnitude of the splitting 

Once it is known that the split lines correspond 
to a physical separation of material in the 
meteor column, it becomes of interest to det.er
mine the magnitude of the splitt.ing. The 
separation of the two components was measured 
at frequent intervals in each segment of the 
wake, and the results were plotted. The scales 
were converted to diameters of the column, in 
meters, by allowing for the plate scale and the 
range of the meteor corresponding to each 
segment. 

The results are presented in table 3, where the 
curves have been read at equal intervals corre
sponding to 0~004 of meteor travel. For 
example, a time of t=0~012 indicates a point in 
the occulted portion from which it took the 
meteor 0~012 to reach the point at which the 
shutter reopened to begin the next segment of 
the main spectrum. (The entire gap corre
sponds to 0'053, and although the wake can 
sometimes be detected at least halfway through 
the gap, both components are seldom observa
ble for more than one-third of the gap.) The 
mean splitting within each segment is shown at 
the bottom of the table. 

TABLE 3.-Diameter8 of the column (meters) 

t &gmrnt 
(a,c) 1,i 16 18 17 18 

0.000 31 49 69 78 
0.004 37 34 49 73 82 
0.008 42 39 44 61 85 
0.012 45 49 54 83 
0.016 53 77 
0.020 77 

Mean 40 37 49 64 80 

In segments 15 and 16, the red components 
can be traced into the main segment. They 
begin with separations from the main spectral 
line (corresponding to a radius of the column) 
of about 24 meters. One-third of the way down 
tbrough the segment the .separation is about 16 
meters, and this is maintained for another third 
of the clash, until the line fades out as noted 
previously. At the lowest observable points 
these red components are displaced about 16 
meters from the main column, recorded in an 
exposure which lasted for only 0~009. 

In all cases where separations for lines of Ca 
I or Fe I could be measured, the observed 
points fell quite well on the corresponding curve 
derived for the H and K lines of Ca II. 

The splitiings within one segment of the wake 
are fairly constant; i.e., the red and violet com
ponents are nearly parallel. The mean values 
for the five segments show a curious dependence 
on height: the splitting increases with decreas
ing height and may be represented quite well by 
the linear relation 

d=550-9.41 h, 
where dis the diameter in meters at a height of 
h 1..:n. The relation is derived from observa
tions between heights of 50 and 55 km. 

From the observed rates of expansion, one 
may compute an equivalent diffusion coefficient. 
Opik (1958) bas shown that an effective radius 
R at time t may be defined by R2=3Dt. For 
the lowest observed points on the red compo
nents, t=0~009, R=16 meten:,, frorn which 
D=9.5 X 107 cm2/sec. The effective value of t 
should really be smaller, or D should be some
wha t larger. For a typical point in the wake, 
R=30 meters, and an effective value of t is 
about o~o3, from which D=l.0X108 cm2/sec. 
Opik tabulates normal diffusion coefficients for 
these heights of about 2X102 cm2/scc; i.e., the 
observed expansions exceed those predicted 
from normal diffusion by a factor of 5 X 106• 

Discussion 

At the low heights of this meteor one should 
expect a shock front to form around the mov
ing meteoroid. The observed wake luminosity, 
however, is produced by meteor atoms of cal
cium, sodium, and iron, not by atmospheric 
particles. An effective front of expanding me-



56 PUBLICATIONS OF THE DOMINION OBSERVATORY 

teoric material appears to exist inside the heated 
volume produced by the shock front. Violent 
collisions at the surface of this meteoric front 
continue to excite the meteoric atoms for inter
vals up to about 0~03. As shown earlier, the 
sharpness of the iwo components of the strong 
wake Unes indicates that the effective thickness 
of the lu.minous portion of the meteor column 
is not more than about 15 percent of its radius, 
or else the lines would appear more diffuse. 

The wake components indicate a diffusion of 
meteoric material into the atmosphere, but the 
effective diffusion coefficients are so large as to 
suggest the phenomenon is essentially explo
sive. During the initial stages the diameter of 
the column is observed to expand at a rate in 
excess of 3 km/sec. It is not surprising that 
the expansion should be very rapid compared 
to normal diffusion since the amount of mate
rial deposited by such a bright meteor is so 
great as to constitute a major change in local 
density along the meteor trajectory. 'l'he rate 
of diffusion of meteoric material in tlùs case is 
so great that it seems reasonable to infer thai 
much fainter meteore, perhaps any meteor 
brighter than O magnitude, will also give rise 
to appreciably more rapid diffusion than is ob
served by radar for faint rneteors. Great care 
should be taken, thl'n, that normal diffusion 
coefficients are not coneidered as a known quan
tity in calculations involving the gas columns 
left by bright meteors. 

It is of considerable interest to note that the 
ion column of Ca II ions expands at the same 
rate as the atom column of Ca I or Fe I. This 
is not norrnally considered to be the case, at 
least for radar observations, which, of course, 
are formeteors about 10 magnitudes fainter than 
this Geminid. Manning (1958), for example, 
quotes Loeb (1934) to support a statement that 
the ion column will diffuse only one-fif th as 
fast as the atorn colurnn. Loeb's results are 
based on experiments in which ions were allowed 
to diffuse through an electric field. He states 
(p. 548): "the velocity gained from the field 
between impacts is further supposed small 
compared with the thermal velocities of agita
tion." It is not clear that these results are 
applicable to the meteor case, where the pres
ence of an electric field is unlikely and the 
systematic velocity of the meteor particles is 

very large compared with thermal velocities. 
Manning mentions that the ion column for a 
bright meteor may be larger than for a. faint 
one if ionization can still be accomplished during 
the expansion of the atom colurnn. For cal
cium, 6.09 ev are required for ionization, which 
is higher than the excitation of any wake line. 
This makes it more likely that an ion of Ca II, 
which emits H or K radiation 0~03 after the 
passage of the meteor, survived nearly ail of 
that interval as an ion, and was then excited 
with an additional 3.1 ev to radiate, rather than 
that the ion was formed frorn a Ca I atom and 
excited to radiate by any collision occurring 
later than perhaps 0~002 after the atom left the 
meteoroid. 

Rapid rotation or oscillation for this me
teoroid is suggested by the reg1ùarity of the 
flickering phenomenon and is supported to some 
extent by the split wake-lines. The variation 
in relative intensity between the red and violet 
components could arise from either mechanism, 
since varying amounts of material would be 
ejected from the meteoroid in a manner which 
is not radially symmetrical. This could also 
account for some of the curvature observed in 
the wake lines. 

One Perseid spectrum is known which shows 
a similar but much less pronounced splitting 
of the wake-lines. It is spectrum 223 in Mill
man's (1958) list of meteor spectra. The split
ting is evident in one segment of the H and K 
lines, but it is confined to a very short path 
length near a bright fi.are. The fact that the 
phenomenon is so pronounced for the Geminid 
meteor may be associated with its low height 
in the atmosphere. The much smaller mean 
free path may tend to localize the zone where 
appropriate collisions may occur and effectively 
shield the inner portion of the wake column, 
giving rise to the hollow-tube effect. 
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Abstract 

A study is made of an unusual Geminid meteor spectrum, photographed between heights of 73 and 47 km. 
Peak luminosity, estimated at magnitude -8, occurred near 59 km. The meteor exhibited a pronounced flicker, 
with a frequency varying from 50 to 300 cycles per second. The flicker may be associated with rotation or oscilla
tion of the meteoroid. 

A prominent wake spectrum was photographed between 50 and 55 km, consisting of lines of Na I, Mg I, Ca I, 
Ca II, Mn I, and Fe I. The stronger lines are split into two distinct components attributed to a hollow luminous 
column rather than splitting of the meteoroid or Doppler effects. The diameter of the column varies from 40 to 
80 meters, but shows no variation from one atom or ion to another. Diffusion coefficients computed from the ob
served rate of expansion exceed the normal values at these heights by a factor of more than 105• The expansion in 
this case might be considered as explosive. 
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ERRATA 

PAGE 61, right coin., line !l, for milliseconds, 
read microseconds. 

PAGE 63, left coin., line 30, ( "Whence C' c• = ... ") 
for (aa + as) read (aa - as). 



fhe Digital Velocity-generating Computer for the Dominion Observatory Mirror Transit 
G .• \ . B,rn.\LEY 

ARRTRAC'T: The original velorit.v-genrrnting computer of the Ottawa mi1To1· tran il has bern found to lac-k suffi
c-iC'nl arc·uracy for the trnrking of stars during mC'ridian pass:i~e. Thi shorlc·oming is shown to be raused b.,· n, 
romhination of observing tC'c-hniquC's, atmospheric rC'i'raC'tion, thermal rx1n111sion l'lkc-(s, and mrc-hanical alignment 
enors. The firsl two of thrsC' dfrC'ls are rrferred lo hrirfl;1· (with r<'fCrC'nres to a prC'vious paper ) and the last two arr 
rxamined in dctail and shown to excePd tolerable amounl~. 

The new computt' r usrs rlrclro-magnetic C'iulchrs and mC'c-hanic:tl diffPrentials lo suppl_,. a mec·hanical analogue 
of hinary arithmrtic. The diffcrential arr u:,rd to adcl angular velorities whirh in lnrn are selerted h.,· the energizing 
of appropriate r lutclws. Thr selertion of velocity is donr through a fom-column derimal keyho::ml in which the observer 
enters the digits of rosinc derlination din•c·tl_\'. A diode malrix con verts Pac-h dec-imal numher into ils binary equivalent; 
and this in turn enC'rgize the requirrd elull'hes. 

The new velorit.,· generalor is shown to be an extremel;1· arrurate devire. The output velocit;1· e1Tor does not 
exreed plus or minus :2 part in J0,000 whereas the original grnerator had e1Tors of about ten timr this value. 

HÉsnrÉ:-On s'rsl rendu compte à l'ob.ervatoire d 'Ottawa que la premi('rC ealC'ulatl'ice génératrice de vitesse 
reliée à ]'i n trumrnt de passage à réflexion n'était pa · suffisamment précise pour suivrr les étoiles à leur pa sage au 
méridien. Un ensemble d'éléments comprenanl lrs tC'C'lrniques d'observation, ln réfraction atmosphérique, des effets 
d'expansion thermique rt de erreurs d'alignrment mécaniqur sont rPsponsahlrs de crll<' faiblesse. L'autem analyse 
ucrinctement le deux premiers éléments cl renvoie le lecteur,\ Lll1C' élude précédente, mais il exainine les deux derniers 

en détail et démontre qu'ils causent des erreu rs excédant la tolérance permise. 
La nouvelle calru latricr emploie de embrnyageF électrn-magnétiques et des différentiels mécanique qui alimen

tent une calculatrire analogique mécanique binaire. Lrs différenLirls scrvenl à augmenter les vitesse angulaires qui à 
leur lour sont sélrclionnées par la mise en mouvement de embrayages approprié . Le choix de la vites e se fait à 
l'aide d'un clavier à décimales en quatre colonnes où l'observateur inscrit dirrctement les chiffres du cosinus de la 
déclinaison . Unr matrice à diode eonverlil chaque chiffre décimal en son équivalent binaire qui, à son tour, fait mou
voir les embrayages répondants. 

Cette nouvelle génératrice de vitr se e t un inslrnmcnl très précis. Les eneurs de vitesse ne dépassent pas ± 
2 partie en 10,000 tandis que le premier instrnment pouvait accu cr des erreurs dix fois supérieure . 

Introduction 

In a previou paper (Pub. Dom. Obs. XXV, Xo. 3, 
1963), the writ.er described in detail the mechanical and 
optical equ ipment used for the phot.ographic registraLion 
of transits on the Ottawa mirror transit. In the summa
tion, it "·as mentioned that the de,·ice u ed to driYe the 
right ascension slide (at a ye]ocity proportional to cos o) 
fai led to giye a sufficiently accurate velocity for obserrn
tions of stars within 30° or so of the pole; \l'hich in turn 
required the observer to record other observing param
eter involving the time-relationship between the 
shutter operation and the incidence of flashe . 

IL was further mentioned that these difficulties led to 
t he design of a more accurate device for deriving plate 
carriage velocities, in which the accuracy ,rould be 
independent of o, and would thu reduce t.he numbcr of 
neces ary parameters and simplify the reduction of 
ob ervation . 

1. Observin~ Techniques 
A brief de cript ion of the original velocity generator 

will obviate reference to the previous paper. The mirror 
transiL use a fiat mirror hcld in a cell, ,Yhich i piYoted 
on an east-wcst axis, to rcflcct lhe elected star (at 
meridian passage) inlo one of Lwo rigid horizontal tc lc-
copes that face one anoLh r on a norlh-. oulh ba cline. 

In general, the telescope on the same sicle of the zenit h 
as the star is the one u. cd, although ncar the zcnith cither 
telc cope can be used. The mirror angle is et by means 

75293- 1½ 
(j[ 

of a servo-mechanical transmiLter with an accuracy of 
± !' of arc, which ensures that the star's image will 
transit in the field of vicw of the telescope eyepiece. 

\.. the star crosses the mcridian its image moves 
horizontally at the focus of the telcscope, wherc a fixed 
glas reticle i. placcd, lrnYing etched on it a pattern of 
horizontal and vertical lines. The reticle is fla hed at 
prccisely known times, by a high-intcnsity discharge tube 
giving a flash of orne 10 milli econds duration. 

The right a ·cension ]ide is ideally made to move at 
exactly the speed of lhe star image, so that the latter will 
appear as a mail circular dot on the film, which is carried 
on the si ide. The uccessi ve flashes of the reticle ( which 
is of course in motion relative to the film) appear on the 
film, the vertical lines being equi-spaced horizontally and 
the horizontal lines merely extending themselves with 
each flash. 

The reduction of observations, which consists e en
tially of measurements of distances, on the film, from 
star image to horizontal and vertical wire images, is 
greally complicated if the tracking ye]ocity is incorrect 
and thus causes the slar image to be elongated. One 
does noL know ,Yhether the centre of graviLy of the image 
corresponds to the middle of the exposurc (since various 
atmo. pheric conditions, e.g., cattercd clouds, could con
ccivably cause the last half of Lhe exposure, for example, 
to contribute mosL of the light from the tar). Further
more the time-pha ·e bct1Yeen t.he opening and closing of 
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the sl1ult1·r uml thP ,;c•qu1•11c·e of fla,-hP,; i,., 11ot predidahle; 
and eal<·ulation,- ,.;ho\\' that lhi,; must lw mea:-;urcd if thP 
tra1'ki11g yrlo('ity is in r1Tor by mon· than .001 . The:se are 
" nui,.;a11re" nwa:-;ure>me>nt,;. ]f they arr omittrd or e1Tone
owdv recorded the obsen·ation rnn11ot be uscd; or if t hr 
c•rro;1eou,; data is un\\'it tingl)· u,.;ed, the ob:-;crnllio11, 
accepted in good faith, \\'ill lie not indirati,·e of the tnH• 
pm,ition of the ,.;(ar. 

2. The Ori~inal Computer and Associated Errors 
Thr original yeloci ty grncra tor " ·as de:-;igned to u:-;r t lw 

transmit ted ,;e1To-mcehani:-;m signal,.; that ser\'C primarily 
to position the miJTor axis. The;;e ;;ignals a re ;;ent on 
t ransmis,;ion line;; t o the eyepieees of hoth telescopes, 
where ,;e1To-rec·ei,·er:; cause a shaft to adopt a position 
corresponding to the dcclination of the stnr. Sincc the 
velocity of a star image i:; proportional to cos o rathN 
than o il is necessnrv to have the linear (with o) rnta-' . 
tional motion of this shaft gcnerate a co,.; o-functional 
velocity. 

The method used \\·i.11 heeome apparent wilh referr1H·P 
to Figure 1 A . . .\ , ·ery aceurntely grnuncl limaçon cam i,.; 
fixed to the shaft, so that iü; as ociated cam folloll'er 
performs a simple harmonie motion with cam rotation, 
hence a cos o-functional di8placement has bcen obtained . 
The variable velocity i obtained from a ball-and-dise 
integrator, for which it can be rcadi ly seen that the 
output-shaft velocity is linearly proportional to the ball
cage displacement from centre, provided thal the input 
velocity is constant. In the m irror transit application, 
the integrator input and output arc gearcd in such a \\'ay 
that about .95 of the maximum possible velocity cor
respond to the equatorial stars. This value was selected 
at a time when the exacL focal length, and hence maxi
mum plate velocity, was unknown; o that it was neces-
ary to keep slightly below the maximum setting of 

the integrator in calculating subsequent gear ratios in the 
mechanism. To ensure the required displacement of the 

\.. SAL.L 
C ,t,Gf 

INPUT DI SC 
[co•SHNT w] 

' 1 

CAM ANGLli"1 SE T" 
av S~RVO ~ , 15 

P R OPO A: TIONAL 
ïO OECL I NATION. 

FIGURE lA. Se mi-Pictorial Outline af the O rigin a l Yela ci ty-Genera ting 
Computer, The bearings thal su pport the input d ise sho ft and output shoft ore, 
of course, fixed la the some base os the other bearings, so the porollelism 
between the corn follower and the push rod is preserved a l oil displocements. 

hall cage, and to allo\\' for future adjm;tments, (e.g., due 
lo focal length changes with temperature) the cage push 
roc! and the cam fo llo\\'er are linked with a lever with 
adjust:1ble fulcrum a,; indicated . The reproducibility of 
,·r lo<'ity in a good ball-and-di;;c integrator i. brttrr than 
. 1 of 1 %. Thr firsl limitation to the aceuraey of the sy,.;
t rm became serious with the rca lization that t lw ;;tar 
positions in deelination could not be entercd exaetly on 
t he scn·o-mechani<'a l tran:;mittcrs, but, had to be rounded 
off to thr nea re,.;t :f of arc ;;o t hat certain other unavoid
ahlr condition,.; eould br sati,.;fied . So long as co. o 
<'hanges s lo\\' ly wit h o the n locity rrror is neg ligiblr a nd 
c·an be igno red, but dose to t he polr cos o is changing 
quitc rapid ly and thr crro rs become appreciab lc. T hr 
second li mitation i:-; the morr Rerious of the l\rn and, in a 
perverse \\'ay, d id nol corne to minci at any l ime clu ring 
the design stagr. Thr atmospheric refract ion for low 
stars make,; t hcm appear higher t han t hey rea ll y are, so 
thr servo-mechan ir·a ll y transmittcd position. for t hr 
mi rror axis have !o be adju:-;ted eo tTespond ingly. T his 
a lso changes the limaçon cam angle and hence output 
velocity \\'hich intrnclure,; :111 error a. the rrfraction 
docs not affect t he horizonta l velocity. H encc fo r 8Ub
polar starR the errorn of velocity duc to co o and re
fraction combine sometimes in vcry serious ways. A 
detailed analysis of t he contribution of t hese erron, iR 
given in the previous paper. 

In addition to the above difficulties t he computer 
gives rise to other errors in velocity which were at fi rst 
incomprehcnsible, until with the pas ·age of time it wa 
observed that these error increa ed with decrea ing 
ambient temperature. T his phenomenon eemed to indi
cate t hat thermal contraction of the various linkage 
cou Id not be neglected, and led to the following analy i 
of potential source of error. 

Figure lB condenses t he component u ed in t he 
analogue computer (Figure lA) into a schematic system 

J. ,O{s/lT 1 , 
A' A B l (2. ,+ia )oto.tff 

i~ d ,~AM 

1 

C" c' C D D 
1 

cf+'s(c<o.-0(°•)!,t.T ï 

-0 

FIGURE 18. The Componenls of Fi~ure l A in Schema tic Portro yo l fo r Ana lysis 
of Thermal Ex pansion Effecls, 
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more adaptable to analy i . Examine fir t the the rmal 
expan ion effects. Suppose that at orne temperature T 
the cam i et to corre pond to ô = 90°, o that the 
integrator ball cage i in the cent re of the di rand henre 
girn · the required zero output velocity. B repre. ents the 
cam axi , ADE t he lever, CD t he intcgrator push rod, 
and t he axis of the input di c. AB, the cam radius 
Hctor plus a portion of t he followcr, can be t rca ted as a 
unit since cam and follo,rnr arc made of idcntical mate
rials. It will a l o be in accordance with the facts if \Ye 
a urne t hat C, E, a nd B are on a common aluminum 
base having coefficient of expansion a i: , and that AB, 
ADE, and CD arc made of identica l steel h aving coeffi
cient a .; a . <aa. 

Kow suppose temperatu re increascs to a new va lue T 0
• 

We take B as the origin. It can be hown (see Appendix 
1) that the horizonta l component of expansions only 
need be con idered, therefore E moves to E" and C 
rnove to C" a the base expands. A moves to A' (hrncc 
D to D') and C (as it indicates t he ball cage) to C' a · 

h l 
. b . 

the steels expand. T e ever rat10 , a + b remams co n-

stant. We wish to find the order of magnitude of C''C", 
which will effectively rnove the integrator push rod off 
its zero vclocity position . 

The displacement CC" is giveu by 
CC" = (11 + b)a.LlT 

and displacement CC' by 

\Vhence C'C" [01 + 12) (a ,. + a .) -

al1 ( )]A'l' ( a + b) a , - a. .'...1 

assigning va lue. a" = 12.8 X 10- s°F 

a , 9.2 X 10- s°F 

LlT ,50°F 
12 11 = 3" 

a 
a+ b 

1/ 6 

C 'C" = (6 - _;j ) (3.6 X 10- 6) 50 

or approximately .001". 

.99 X 10- 3 

Since the total throw of the integrator push rod is 
.75", the above shift introduces an error of about .13%. 
This is barely tolerable and then only if no other con
tri bu t ing errors act in the same direction. For the latitude 

of Ottawa, ÂT can easily be 70° with a proportionately 
grealer error a the re ult. The effcct of a temperature 
increase is, then, to move the ball cage farther out a long 
the di c radius and increase speed. If the ball cage is on 
the "opposite" radius (a it i for lower culmination tar 
requiring reverse drive) then the cffect is to decrease the 
speed. 

We now investigate the nature of the errors resulting 
if the linc of action of the cam follower does not pass 
through the origi n of the carn, and refer to Figure 2. In 
this figure the ideal linc of action is CO where O is the 
cam origin. Actua lly the line of action is C'DE, not 
directed at the origin. 

W e write the equation of the ramas 

R = a + k cos ô so that 

ô in the equation = ô the declination ang le. 

The slope of the cam at any point i1; then - ,-1n ô 
Hderring to Figure 2, and noting that the angle1< 11nd 
di1;placements arc sma lt , ,,·c have 

À = (R-S)rp 

CAM ~ 

OF ACr 10N 

FIGURE 2. Geometry of ldeol and Actuel Relotionships of Cam Follower to 
Cam. 

To a fin-;l order approximation C'O falb :-;hort of ('() hy 
CB, ,,·hich i1; then the crror in di1;placemenl of the cam 
fo llo11·cr. 

\Ve havr 
CB = Âsinô = (H-:-; )rp :,;i11ô 

The error 1,·ill not be identically zero unles1; <p = O. ln 
the genera l case it will be zero when sin ô = 0 , i.e. , 
when the cam is set for equatoria l stars ; and at the point 
where R = S. If S = 0 this corrrsponds to the ca:-;c 
where the index i. improperly set. 

When sinô = 1 CB = (R-S)rp 

and if R- = 1.5 inches 

then <p must be Jess than 3' for the displaccment error 
to be Jess than .001 

The errors introduced by differential thermal expansion 
could be eliminatcd by ui-ing a steel base instead of the 
present aJuminum one, whirh ,rnuld necessitate compJete 
rebuilding of the velocity generator; or by temperature 
control of the whole velocity generator. Since refrigera
tion would not be feasible, it wouJd be necessary to select 
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:-some tempcraturc, highcr than the ambicnl due to 
normal p01rer t·onsumpt ion , ancl u,.;c thcrrnosta1 tcd 
hcaters lo maintain t his ,,duc. Thi,.; propo,.;a] leads in 
turn to a further problem, Yir. , thc endosurc must bc 
exlremely ,,·ell insulatecl so tlrnt hrat dissipation into 
the atmo;-;pherc dors not affrd the astrnnomical sccing. 

Enors clite to misalignment of the l'am follrl\\·er arc 
more elu;-;iye and hence more diffi('u]t to climinatc. It 

ha;-; hcen sh01n1 that lhc angle cp between actual and ideal 
linc:-; of action of thc cam followcr must be Jess t lrnn 3', 
and uncler thc exi,.;ting mechanieal arrangements one 
c:annot guarnntee this orcler of accuracy in setting-up. 
Indeccl the ycry aet of rcmol'ing the ,·elocity generator 
from the test bench to lhe face of the mounting plate (on 
the instrument pier) may introcluce errors of this order 

of magnitude . 8ee Figure 3. 

FIGURE 3. Original Velocity Computer on North Collimator Pier. l t will be noticed that accurocy of a lignment 
between com follower and cam axis cannai be continuolly monitored because of the system of connecting rads 
on top of the groduoted geor. 
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3. Principle of the New Computer 
Consideration of the foregoing factor r ulminatcd in 

the deci ion to a pproarh the " ·hole problem of prerise 
nlocity grnrration from a no th r \'irwpoint. First of a il , 
it ,,·a clea rl y apparent that the yc]ority would ha\'r to 
be set independent ly of othcr parameter.· of obser\'a(ion. 
Furthcrmorc , digital inpu t of \'elocity ,,·ou ld be a dcsider
atum if the digits could be related one-to-011 e with 
cos o- a factor always ava ilable from the various 
ephemerides. While therc are probably evera l sophisti
cated ways of deriving a variable velocity accurate to 
.1% or bettcr, (particularly if one has unlimited fund s 
and time at their dispo al) it is logi cal to give carcful 
consideration to ea e of maintenance and troublr
shoo ting in whatever method is sclected. It would be of 
little profit to hayc such a complex system that special
ized help would be required in the event of breakdown . 

The possibility of using a synchronous motor and an 
electronic variable frequency oscillator-amplifier was con-
idcred and rejected. There are a few oscillator on the 

market with digital frequency selection but the adver
tised accuracy is never as good as .1 %. To ma ke such a 
system feasible the output frequency must be measured 
by a second precise unit. The difference between actua l 
and desired frequency must then be used as an error 
signal to correct the oscillator. 

The traightforward simplicity of a completely 
mechanical system always held great appeal. At first 
the problem of ma king a l ,000-speed gear box seemed 
insoluble wi thin reasonable space limitations, until the 
mechani cal analogues of binary arithmetic were consid
cred. It is well known that the decimal digits from zero 
to nine can be made up from various combinat ions of 
four binary digit in the so-called 4-2-2-1 code. In 
computer techniques, this means that a "yes" in the 
lea t significant binary stage means a decimal "l", in the 
next stage a decimal " 2", in the next again a "2", and 
in the most significant a "4". So that a decimal 8, for 
example, is made up of "yes" signais from 4, 2, and 2 of 
the binary tages. 

If four velocities in the 4-2-2-1 ratio each-to-each 
cou ld be extracted , as desired , from a single input veloc
ity, and furthermore be added in various combinat ions, 
then a ten-speed (zero being considered as a speed) gear 
box would resu lt. This would take care of one dec imal 
digit in cos o. If then there are three such gear boxrs 
made, and number 2 is run at an inpu t speed 1/ 10 of num
ber one and number 3 at inpu t speed 1/ 100 of numhcr 
one, and if furthermore their outputs are added togethcr 
mechanically, then a 1,000- peed gear box wou ld rcsult, 
in which the speeds will form an ari t hmet ic . erics from 
000 to 999. 

Two rotating shafts can be combined into a :;inglc 
rotation by a mechanical differential, in which the output 
velocity is one-half t he arit hmetic sum of the two input 

w locitics. Tbi resultant ran be furthrr combincd wi th 
ot hcr velocities (or indrrd the rrsultant from anothrr 
diffrrential) through a srcond diffNrntial ; and :o on in a 
easradc of diffrrcntials. Thr only drawbfü•k is that nrt 
w loc ity is lo:;t on each addit ion because onr grtl'i only 
thr ave rage, not the sum, of (br h,·o input Yrlocitirs ; 
and in so me app licat ion:,; t hi : might prerl udc extcnded 
usr of differentials. It i : howcvrr, an adva ntagr in thr 
possible mirror (ran:it application, since the lead scrcw 
of the right ascension drive movc:,; at only about 30 
r.p.m. whcreas the synchronous moton; ru n at 1,800. T hus 
the differential. can occupy t he low torque, high-spccd 
stages of the drive system, and can be of small phy:,;ical 
sizc. Furthermore the va riou gca rs will rotate many 
t imcs du ring one excm ·ion of the righ t ascension slide. 
Xo gear is completc ly perfcct, and has sma ll errors of 
concentricity and cllipt icity, hence any two gears will 
have tbeir errors combined in orne way so that, depend
ing on the phase of the mesh, the driving ratio and back
lash will differ sligh t ly. The differences arc minute fo r 
preci ion class gears; and for many rotation will avernp:r 
into negligibility insofar as the final velocity of the right 
ascension lead scrcw is concerned . 

The fir:t experimenta l test of the proposed ystem 
ca lled for the construction of one 10-speed gear box, 
shown in Figure 4. The input shaft, on t he left, nominally 
ro tates at 1,800 r .p. m. and carries a 4:0-tooth gear which 
drives four 80-tooth gears on the inpu ts of four electro
magnet ic clutch-brakes. The clu tch-brake output i 
bra ked unless current is app lied, in which event the out
put is clu tched to t he input. The outputs t hen, when the 
respective clutch-bra kes a re encrgized, rotate at 900 
r.p.m. In Figure 4A, pinion (1) drives gear (2) t hrough 
a 1 :4 reduction a nd pinion (3) drives gear (4) through a 
l : 2 reduction. Gea rs (2) and ( 4) arc t he end gears of a 
different ial (par t ly concealed by the post) fo r which the 
out pu t appears at gear (;j). If pinion (1 ) and (3) arc 

driven, the velocity at (.i) will be (9JO + 90
2
0) 2 = 337.5 

r .p.m. Gear (5) is further cou pied 1: 1 (by an idler pinion 
which is concealed by the bracket B) into the gear 6 
which is one of the end gcars of the final output differen
tial. 

In Figure 4B, which is a view of 1 he gear box from 
the opposite side to 4A, pinion (7) drives gcar (8) 1: 2, 
and pinion (9) drives gear ( LO ) 1: 1. Gear:; (8) and 
(10) are the end gears of a diffcrential for ,,·hich the 
output appca rs at grar (11 ) . If (7) and (9) are dri,·en, 

t l t t t 11 ·11 l (900 + 900) :2 (' --1e ou pu a w1 )e -
1
- 2 = )/:) r.p.m. 

Gear (11) is further cou pied 1: 1 by the idlcr pinion (14) 
into gear (12) whicb i: the other end gear of the final 
outpu t diffcrentia l. This clifferential awrages the t \\·o 
previous summation velocities, giving ,"iOG.2,j r.p .m. 
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FIGURE 4 

Two Yiews of the Experimental 10-

speed Gear Box. The pinion al (7) is 

rather dilficult to see, being mostly 

obscured by gear (8). The final mixing 

differential end gear (6) had lobe of 

special exlended design so that il 

wou ld meel ils idler pinion from gear 

(5). 
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(when ail clutche ar encrgized) at haft (13). If the 
various clutchc arc cncrgizcd in accordancc with the 
following table, 10 dC'cimally-rclatcd. peeds arc avai lablc. 
"O" indiratcs off, " X " indiratc · 011. 

TABL8 1. Deci mal-to-hinary converRion rode. 
-----

I )pri mal Sperd Stage Rrduction 

1 : l 1 :2 1. ·> 1 : -1 

0 0 () 0 0 
1 0 0 () X 
:2 () () X () 

:3 ü 0 X X 
1 () X X 0 
5 X () () X 
li X X () () 

ï X X () X 
8 X X X () 

!} X X X X 

------ ---

For lest ino- purposes the gear-box output was dircctly 
coupled to a photoclectric tachometer and the input 
driven at 1,800 r.p.m. from a synchronous motor. The 
pulses from the tachometer were electronically counted, 
the countcr "gate open" time being set o that theoreti
cally the counter would read 9,000 if ail clutches were 
encrgized. On the first test the average counter reading 
was 8997 ± 0005. This was a rather alarming scatter and 
did not auger very well for the project, it being supposed 
that gear errors would prove too large to be tolerated 
aftcr ai l. The te t was repeated somewhat later, giv ing 
readings averaging 9002 ± 0004. The suggestion wa s then 
made that the ynchronous motor be driven from a 
precise 60-cycle crystal-controlled source at the observ
atory time room. ,vhen this was donc the readings 
became 9000 ± 0001, thus showing that the variations 
in domestic power-line frequency were the main cause 
of the previou scatter. The .0002 scatter i quite toler
able- actua lly the counter readings themselves contrib
ute half of thi because the phase between start and stop 
gate and incoming pulses changes for each sampling. 
For every dccimal speed elected the nominal counter 
readings agreed with prediction and with the same 
catter magnitude.* 

4. Extension of Experimental Model into Complete 
Computer 

The next problem was the combining of three such 
10- peed gear boxes into a 1,000-speed gear box. Since 
the mechanical differential is able to combine only two 
velocities at once it would be necessary to do the combina
t ion of the t hree outputs in two tages. This implied 
that, for very little extra effort, a 10,000 speed box could 
be made by using four 10- peed boxes, using them in 
pairs through differentials to make two 100-speed gear 

*The 4-2-2-1 code selected is not the only possible one. For a 
discussion of other possible codes, see appendix II. 

boxes. The two resultants could then be combined into 
t he final output. It i of course, still true tha t the output 
vclocities of any gear box, digit for digit, must be onc
tenth that of the gear box for the next-higher order of 
decimal digit, this being a net ratio, i.e., i t doe not ma tter 
when the ratio i achieved in the gear t rain so long as the 
final addfog differential receivcs velocities having the 
"times 10" corrcspondence. 

The array of the 10- peed gcar boxes will depend on 
many engineering factors, not the Ieast of which i the 
shape and size of the space available. On the mirror 
transit velocity-generating computer, t he space available 
was nearly 12 inches quare and about 4 inches high , and 
the way this space was utilized is shown in Figure 5. 

The two 100-speed gear boxes are identical. Each is 
made by making two 10-speed gear boxe sicle by ide, 
but with one being a mirror-image of the other so tha t 
the two output shafts will be relatively close together. 
In Figure 5 the unit below provides the two highest-order 
digits of cos o. The other unit, which is inverted for 
over-all design rea ons, provides the two lowcst-order 
digits. In the lower unit, shafts (1) and (2) are the out
put of the two 10-speed assemblies. The right-hand 
as embly is driven directly from the 1,800-r.p.m. motor, 
the other at 2/ 11 of this. peed through an idler and gear 
(3). The mixing differential is at (4). Its outer end is 
driven 1: 1 by the fast assembly; and its inner end through 
a gear reduction of 11: 40 from the slow asscmbly. The 
product of 2/ 11 and 11 / 40 reduction gives the required 
over-all 1: 10 ratio between the inputs to differential (4), 
digit-for-digit, and hence gives 100 decimally-related 
possible output speeds. The output of differential (4) is 
geared , 1: 1, onto one end of differential (Fi). 

In exactly the same way the right-hand 100-speed 
gear box is driven by an 1,800-r.p.m. motor so that the 
output appears at shaft (6). Since this 100-speed gear 
box provides only the two lowest order digits of cos o, its 
output, relative to the output of the other 100-speed 
gear box, mu t have a 100: 1 reduction where it goes into 
the final mixing differential at (5). This is donc by using 
a worm-and-worm gear input which gives t he desired 
ratio directly, so that the shaft at (7) represents the 
output of a gear box having 10,000 speeds. For a tar 
very close to the celestial equator, for which cos o = 
1.0000, it is nece sary to compromise by programming 
9999. Thi is sufficiently accurate for al! purposes and 
removes )he necessity for :the highest order 10-speed 
gear box to be modified to provide 11 possible output 
speeds O to 10 inclusive. 

It is a straightforward mathcmatical exercise to show 
tha t, for 1,800-r.p.m. inputs, t he output velocity at 
shaft (7) is 140.611 r.p.m. when t he 9999 selection is 
made. The lead screw of the mirror transit has to be 
rotated at 29.476 r.p.m. for a star having cos o = .9999. 
There is another shaft rotating at twice this velocity into 
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FIGURE 5. The Complete 10,000-speed Geer Box. The lawer unit provides the Iwo highest-order digits of cos ÏJ, the right-hand unit the Iwo 
lowest-o rder d ig its, Follawing tae Iwo 100-speed gear boxes, the differentials and geor-tooth sizes a re increased in sleps in order lo handle the 
increasing to rque s as speed drops. 
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wh ich the 10,000- peed gear box mu t be coupled; and in 
order to find the required gear ratio, one mu t diYide 
1--10.6 11 by 5 .952 and hope the quotient \\·ill be expres -
ible in (r rms of a propr r fr act ion of reasonablc ize, 
wh er t he numerator and denominator " ·ill then repre
sent the numbers of teeth of the drive r and driven gears. 
Act ually the foregoing i a implification . The value of 
29 .-:1:76 r.p .m. fo r lead screw Yelocity is an average fi gure 
fo r the t wo mirror tran. it collimators, whose mean foca l 
le1whts and hence Iead screw velociti es, differ by about 

t> ' 
a fa ctor of .001 . Furthermore, if the foca l length of 
either collimator changes wi th the gross tempera turc 
changes from summer to winter, then t he lead screw 
vrlocity ,rill a lso change and thi must be in eorpora ted 
in to t he digit al Yelocity-generator. 

This is done by extraeting from shaft (7) a small 
portion of its angular motion and adding it to, or ·ub
tract ing it from, the original motion. In order to make 
t hi a continuously variable increment , use is made of the 
ball-and-dise integrator. Yarying t he posit ion of the 
push rod will change th e magnitude and sign of the small 
incrementa l motion, whicb can be fed in to the original 
motion via a different ial and associated gear . At first 
thougbt it might be. upposed that the nominal position 
of the push rod wou l<l corre:pond to th e zero outpu t 
of the integrator ; but this is not the case as the integrator 
should not be run with the ball cage a t dead cent re for 
any length of time. ,-\ little refl ec tion will show that t he 
dise crn tre and the contac ting ball abrade one anothcr in 
thi position. Hence a bctter way is to start wit h t he 
push rod half way out from the zero posit ion in either 
direc tion and ca lculatc subsequent gear ratios using t hi 
as the nomin al zero. The resul ting incremcnt can be 
either additiYc or ub trac ti ve a one wishes. Suppose for 
purposes of argument it is addit ive (as in t he pre ent 
applicvt ion) t hen if the push rod is moved towards 
zero, the added amoun t will be decreased, and conversely 
if the push rod is moved out, t he added amoun t will be 
increa ed. The ratio betwcen t he dirrct inpu t to one end 
of the mixing differential and t he ball-and dise-input to 
t he other end will determine to what degrec the added 
increment can be incrcased or decrea ed. 

The large gear on . haft (7) is geared, 1: 1, wi th the 
differential end gear (8), and in t he absence of any input 
at t he other end of t he differential the lvttcrs's output 
ve locity ,Yill be one-half of inpu t. Shaft (7) also feeds 
direct ly into a ball-and-di ·c integrator, whose outpu t at 
pinion (9) drives gcar (10), whi ch in t urn drive · the worm 
gear at the other end of the differentia l. The gear 
ratios are so arranged t hat, " ·ith t he integrato r push 
rod halfway out fro m t he zero posit ion, t he corrective 
input is .0015 of the main inpu t at the differential, and 
additin, RO that the fina l output velocity becomes 

1-10. 611 (l + / Ol.'5) = ï0 .-:1:11 r.p .m. 

The quotient of 70.411 and 58.952 i 1.19'±':l:7 and 
for tui tously it happen that gear of 86 and 72 teeth haYe 
a ratio of 1.1 9-!-!4 which could not be more idea l. T he 
ball-and-dise integrator adjustmcnt makes pos ·ible 
velocities from 70.30-'5 to ï0 .5 16 r.p.m. at the output , 
i.e., ± .15% of nomi na l. The cnt ire veloc ity computrr 
can be seen in F igure 6. 

The swi tchi ng array for the drive system is . hown in 
F igure 7, where the fo ur columns of push buttons on the 
r igh t, each numbcrcd 0-9, rcpresent cos ô. The rest of 
t he panel is devotcd to other contra is used in the mirror 
t ransit operation. The pushbutton. and associated swi tch 
modules are interlocked wi thin decades so that pressing 
one relcases the previous num ber. The conversion of the 
decimally selected signa is to binary signais fo r clu tch 
activation is done through a diode matrix , shown sche
matically in Figure 8. 

The system has been in use fo r several observing 
periods and ha · givcn no difficul ty. At the pre ·ent time 
the synchronous motors are <lri ven from the domestic 
60-cycle power line, as pre ent experiencc is that t he 
frequency is fai rly exact and stable during the observing 
periods, when domestic and industri a l loa ds are light 
and constant. If evidence accumul ates t hat controllrd 
60-cycle power must be uscd, it will be neccssary onl~- 011 

the motor that provides the t wo highcst-ordcr digi ts. 
The opera ting cycle is arranged o that t he pro

grammed gear t rai n begins to run when the ob erver 
ini tiates the rapid moving of the lcad scrcw to its tart 
posit ion ; hencc the backlash of ail gea rs, up to and in
cluding the ball-and-di. c integra tor, is taken up prior to 
t he ini t iation of the exposurc. 

After thi s point in the gra r train , the only two meshes 
Ieft arc from the trac ki ng clu tch outpu t to the "visual 
observation differentia l" rrferred to in F igure 8; and 
from t he vert ica l drive shaft to the horizontal collimator 
Jea d crew. The shu tter operation " ·hich opens the 
opt ical path is sta rted simul taneously wi th the tracking 
dri ve. Since t he shu tter takcs some 800 milliseconds to 
open, t hese two fin al b'.lcklashes have been taken up and 
the plate carriage is in unifo rm motion by the time t he 
light of the star begins to fa ll on the film . 

T he writer wi. hcs to acknowledge the cooperation of 
E. Sanders and his staff at the Observatory machine 
shop, wherc the velocity-generating computer was made. 
The execution of t he work was almost solely the respon
sibili ty of J. C. Reynolds : and t he fact that no jig-boring 
machine was availab lc to him makes the fin e workman
ship and close-to lcrance achi evements doubly com
mendable. 

Reference 
BREALEY, G. A. and TA/\NER, R. \\". Photographie registration of 

transits and reduction of observation on ~h~ Ottawa 
mirror transit telescopc. Dom . Obs. Pub. v. XXV, no. 3, 
1963. 
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FIGURE 6 

The Complete Velocity Computer on the 

North Collimator Pier. The circuler array of 

microswitches uses the first decimal digit of 

cos o to drive the Iwo parallel racks below, 

which in turn rotate limit switches that shorten 

the travel of the right ascension slide propor

tionately as stars closer to the pole are 

observed, thus keeping the exposure lime 

constont. The motor and clutch near the 

microswitches are used for high -speed motion 

of the leod screw. The motor ond differential 

a l the very top are used for adding to or 

su btracting from the lead screw a velocity 

incre ment for visuel observations. 
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FIGURE 7. The Control Panel for Observing Porometers. The left side is devoted ta the digital servo-tronsmitter, the lower right to velocity selection, and the upper 
right to the screen selector {the vorious screens dim the bright stars so they will not overexpose). These ore the only dota that have to be entered. The initiation of 
exposures is controlled by o programmable digital dock, not seen in the figure. 
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FIGURE 8. The Decimol-to-Bincry Conversion Motrix (cbove) and o Block 
Diagram of a 10-speed Geer Box. The switches numbered from O to 9 ore 
cctuclly reloy contocts ossociated with the decimol keyboord. The velocities 
shown for the geor box ore those for the highest-order digit of cos li. 
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, \ PPEXDIX l 

The diffrrential tlwrmal Pxparn,ion in both ,·prtieal and 

horizontal coordinatrs of Figure I B 1Yill be considPred, 

and th<' rp,;ult 11·ill ])p shown to bf' equivalent to t hat 

obtained by considrring th<' horizonta l componcnl on ly. 

Oncf' again the origin is lakf'n at B, ( Figure 9), and with 

C 

c· c·- J -- - ------T 

l ,010 l>T 

FIGURE 9. Schematic of origina l velocity -generating computer, showing 
re lative motions with temperature change when both vertical and horizontal 
componenls are considered. 

an increase in temperatu re E moves to E" and C to C" 

as the base expands; while A mons to A' (and hence D 

to D') and C to C' as the stecls expand . 

EE" = (yl1 + (a+b)2)a, LiT 

whence EF = (a+b)a11 LiT 

furthermore S = aa, LiT 

and E"F = l1aaLi T 

and a' / b' = a/ b 

o that D'H = a~b (a,,-a.)11~ T 

To find C' J , we must add the thNmal expansion of 12 to 

the total displacement of its right-hand end. 

This is identical to the expression for CC' in t he 

approximation. X ow for C" 

C"B = ( V (l1 +12)2 + a2)a,.LiT 
whcnce C" J = Cit + l2)ll' 11LlT 

whith likewise is identical to the expression for CC" in 

the approximation. 

~o that C"C', the relative displaccment of ball cage 

from push rocl, is corrcc-t as gi,·pn by the formula in the 

approximation . 

. \ PPEXDlX Il 

The -1-2-2-1 bi nary coclf' was selccted as being the 
most suitablc for the eomputer mechanism. Jlowevcr, 
therc are othcr codes thal arc discussed bricfly with the 
reasons for lheir rf'jf'ction in farnur of the -1-2-2- 1 code. 

One might first of a il ask why not avoid binary cquiva
lcnt:; altogether an d u:;c strictly decimal concept 
throughout each decadf'. Suppose an input shaH carrie 
a pinion that drives nine gears, cach of which i the input 
of a clutch, which in turn ha: the property that when 
dc-energized it output is free and when energized it 
output is connectcd to its input. At the output end of 
t he clutches p lace olher gcars that a il engage with a 
single gea r on an output shafl. Cali t he input gea r ratios 
for each clutch I 1, I2 ... !9 and the output ratio. Üt, 

02 ... Ü9, then to obtain nine decimally related output 
speeds by energizing one of nine clutche t he gear ratio 
must satisfy the fo llowing condition,, whcrc K i any 
con tant. 

IC 

2K 
3K 

Obviously the advantage of this proposai is that no 
differentials are used even though nine clutches are 
required instead of the four in the -1-2-2-1 connrsion 
method. On the debit ide it is submitted, without proof, 
t hat satisfying the abovc equation , within the limitation 
t hat gear can have only whole numbers of teeth and 
t hat centre distances a re rigorously subject to tooth 
numbers, is a formidab le design problem. Furthcrmore 
whi le one clutch is driYing the output shaft the other 
eight output gears would be driven by the output haft. 
This would cause con iderable loading of the output and 
excessiYe "·ear on the output shaft gear. 

Consider now the possibility of using the "straigh t " 
binary code --1-2-1. Thi has the advantage lhat con
version matrixes from decimal to binary and binary to 
decimal are items that can be purcha:-ed " off the ·helf". 
This code pcrm its fifteen pos ·ible speeds of which the 
highest ix arc of no value in the present application; 
howeyer the main reason for its rejection i the 11· ide 
divergence in the g<'ar ratios bet11·cen the highcst and 
lowe;;t order binary digits . . \ pur gear ratio of 1: i ' 
a rather cumbersomc thin!I;, 1f for example a piuion i ' 
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3/ 8 inch diameter, then the driven gear has a diameter 
of 3 inches and take up nearly as much space as ail t he 
other gear pu t together. 

A third po sible code wa seriously con idered. To t he 
writer's knowledge, it doe not have any formal name and 
i a hybrid of products and sum . The decimal digi ts 
from zero to nine are obtained as fo llow 

0 = 0 
1 1 

2 = 3-1 

3 3 
4 3+ 1 
5 3 X2-l 
6 3X2 
7 3X2+ 1 
8 3X3-l 
9 3 X3 

The mechanical anologue of these expre sion i difficult 
to describe in words but is clearly apparent in Figure 10. 

400 r. .17?. 

ÔOO r.,P-"" · 

?/VPt/T 
IBoo r.p.m . 

-200 [E} 

r200 {D} 

500 [C] 

1200['8} 

!Boo [A] 

FIGURE 10. Assembly drawing for 10-speed gear box described in Appendix Il, and diode matrix for conversion of decimal Io 1-2-3 code. Il is understood that 
clutch input gears are bolted Io dutch input dis'5 and output gears are set-screwed Io output shafts. No su pport bearings for components or shafts are shown, 
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It is emphasizcd that for ;;implicity of examination thr 

mechanism has bcen arrangcd ail in one plane ,yhcrcas 

in a final design a certain a mount of "folding" would be 

dcsirahle and could result in a very compact package . 
In the array sho wn, the clutchcs and the differential arc 

dra wn to :-;cale and the gears are supposcd to be of 80 

diametral pitch. The lower shaft is the input, driven at 
1,800 r.p.m. (so that the equivalence to the above table 

\Yill later be seen). The next shaft up can have speeds of 

1,800, 1,200, or 600 r.p.m. depending on whether the 

clutch on the left is energized or alternatively which half 

of the duplex clutch on the right is energizcd. Whatevcr 

the output of this shaft it is cou pied 1: 1 into the differen

tial. The input drive is also extended farther up, as 

indicated, via an idler shaft onto a wide-face gear on a 

clutch and this in turn is geared to an adjacent clutch 

that will have its input rotation opposite to the first. 

Hcnce a "positive" or "negative" output can be obtained 

depending on which clutch of these two is cnergized; and 

this is coupled into the other end of the differential. The 

speeds in r.p.m. that are obtainable (remembering that 

the differential gives the average of its inputs) are as 

follows : 

r .p.m . out 

0 
l00 
200 
:mo 
-100 
500 
600 
ï00 
800 
900 

1 , 000* 

obtaineJ b_,. 
--1--- -

0 
200/ 2 
(600-200) 2 
G00/ 2 
(600+200)/ 2 
( 1200-200) 2 
1200/ 2 
( 1200+200)/'2 
( l800-200)/ 2 
1800/ 2 
( 1800+200)/2 

*if required fùr any pur1JJ3J 

1 

clulch(.-i) engager/ 
(see Fiyure 10 ) 

------ --

' none 
1) 

C' and 1•: 
C 
C and 1) 
Band E 
B 
Band D 
.\ and E 
A 
A and 1) 

In many ways it is unfortunatc that the forcgoing 
design was not pursued further. It uses one morr clut eh 
than in the -1-2-2-1 method but the number of diffcrcn
tials is reduced from three to one. The disadvantage thal 
led to its rejection is that if electrical malfunctio ns cause 
two or more decimal speeds to be energized simultane
ously then damage to the components may rcsult. In 
particular if the clutches or differentials are damaged the 
repair or replacement of them is an expensive and 
time consuming operation . If the same malfunction 
occurs in the -1-2-2-1 method the only result is erroneou 
tracking velocities, which will become apparent when the 
film records are examined, if not before. 
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FIGURE 1. The 25.6 -m radio telescope of the Dominion Radio Astrophysical Observatory. 



The 1420 MC/S Radio Telescope of the Dominion Radio 
Astrophysical Observatory 

J. L. Locrrn, J. A. GALT AND C. H. CosTAI N 

ARSTRACT:-The radio lei~ copc ~f the J?ominion Radio A trophysiral Observatory, used bolh for studirs of 
)he hrdrogen !me a~d the contmuwn, 1s d~scnbe?. The ant~nna, a 25.6-nH'tre-diameter paraboloid of focal ratio 0.3-+, 
1s mounted equatona ll_v. T l~e rad10meter I a D1cke_ l_.vpe instrument with a compari on re i tor at liquid oxygen 
lemprraturc. An over-all noise temperature of 160°h 1s attamed using an electron beam parametric amplifier. 

H.É s1.: ~1f :-Lrs auteur décrivent le radio-télescope de l'Observatoire de radio-astrophysique du Canada c ue 
l'on emploie à la foi à !',étude des raies de l'hydrogène et _du spectre rontinu . L'antenne parabolique de 25 6 n~èt~·es 
d~ d1am _tre et de 0.34 d ou:vert~re est montée en éq uatorial. Le radiomètre est un in trument du type Dicke muni 
cl lll~e ~é I tanc~ de comparai. on a la température de l'oxygène liquide. On obtient une température de bruit totale de 
l 60 K en ut1h ant un amphficaleur paramétrique à faisceau d'élrrtrons. 

Introduction 

The Dominion Radio Astrophysical Observatory was 
c. ta bli:-,hed in 1960 to pur ue tu dies of i nterstcllar 
malter, a subject that has for many years been invcs
t igated by the ob, ervatories at Ottawa and Victoria. 
Radio waves from neutral hydrogen at a wavelength of 
21 cm provide accurate radial-velocity information and 
can pcnetrate the du t clouds in the galactic plane thaL 
are opaque to light waves. Studies of the radiation from 
hydrogen can be used to investigate the size, shape, 
mass and rotational properties of our galaxy. Radio 
methocls are also of great value in stuclie of extra
galactic nebulae, the sun , the moon and some of the 
planets. 

The obs r\'atory i. locaLed about 20 km south of 
PenLicton, B.C., in a large uninhabited valley, urrounded 
by mountains. The site was cho en after an extensive 
survey and is remarkahly free of electrical interference. 
At ll 9°37'W, 49°19':t\, it is far enough south that 
obsen ·ations clown to cleclination - 30° are po sible. 
T he area . urrouncling the ob ervatory, being fiat and 
devoicl of lree., is well suited to the installation of 
intcrfcrometers or large aerial anays. 

Antenna 

The autenna, sho,rn in Figure 1, is au equatoriall y 
mountecl parabolic reflector 25.6 melres in diameter with 
a focal length of 7.6 melre . The a luminum mesh surfa('e 
eonform lo a true paraboloid to within ± 1 cm. Any 
part of the sky may be observed directly, and the 
telescope position is inclicated by synchronous repeaters 
reading declination, right ascension and hour angle. 
The teleseope can track in hour angle at the sidereal 
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rate, can at peecls from 0° to 1 ° per minute or, for 
setting, ean be rotated at 15° prr minute. For movement 
in declination, similar scan and rapicl motion are avail
able ; in addition t here is a synchronou dri\·e in decli
nation of 1/ 4° per sidereal minute. The reflcctor i. 
supportcd by a steel tower 1Yhich is bolted to a massive 
reinforced concrete fou ndation. The polar axis was 
alignecl by tilting the tower through an angle detcrrnined 
from sky photograph taken with a camera temporarily 
mounted on the declination axi .. Errors in pointing are 
Jess than 1/ 10 of a beamwidth at the operating frequency. 

A 25.4-cm ca egranian optical telescopC' is perma
ncntly mounted parallel to the axis of the antcn na. Thi 
has been u ed to check the aceuraey of the tracking 
motion and the perpenclicularity of the polar and declina
tion axes; it can also a id in loeating a cornet or other 
tran ient objcct who e coordinatcs arc not wcll known. 
The optical tckscope is mou ntcd in the "·ail of the large 
cylindrical tu be " ·hich forms the cleelination axis and 
upports the antenna. A system of prisms and len e 

bring the light out along the axis of dcclination. An 
observer's chair rolls aro und the insidc of the tube and 
remain upright as the telescope moY<'S in declination. 

Three fibreglass spars support the electronic: apparatu 
at the focus. This is hou cd in a \\·cathcrproof, thcrmally 
insulatcd box 11·hosc tempC'raturc is maintainccl at 22° ± 
.5°C by ('irculating water in coils around the outside of 
the box. A rcfrigerator in the top of the to11·cr and a 
hcatcr adj ust the temperaturc of the water in rcsponsC' to 
ch:111ges of the tcmperature inside the box. 

Radiation from a celcstial sourc:C' is collcc:tecl at the 
focus with a stepped-waveguidc horn, \Yhith can be 
adjusted for a VSWR of less than 1.02 from 1370 ::\Ic/ s 
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to 14.50 ::\Ic s (::\Iillar, 1960). Tlw horn is flarrd in the 
E-plane to obtain nrarly rqual rrsponse in the E and 
II plaMs. It pro,·idrs n smoothly taperrd aprrturr 
illumination "·hiC'h fa lis hy 14 clb at the rdge of thr reflec
tor. This proclucr a nearly cirC'ular beam with a half 
,\·idth of 36' and a ,·rry lo"· sicle-lobe !en! at 1420 ::\Ic/ s. 
The E-planc of the horn is parallel to the axis of declina
tion. The horn is mntchecl to a 50-ohm coaxial linc hy 
mrans of a ,nl\'eguide plungcr and a rcactance stub. 
This stub, "·hich is only needecl for small impeclancc 
corrections, is an open-circuitcd coaxial line about À/ 2 
long whose elcctrical length can be adjustecl slightly by 
moving a polystyrcne tube in the line. This type of 
tuning stub aYoids the problem of intermittent contact 
fingers \Yhich are troublesome with the more com·entional 
'A/ 4 shorting stub. 

Radiometer 

A block diagram of the radiometer is sho\rn in Figure 2 
and a list of the principal components and their manu
facturers is given in Table l. Power from the horn is fcd 
to a ferrite circulator s,Yitch that alternately connects 
the aerial or a matched resistive termination to the fol 
lowing amplifier. After ampl ification and detection the 

signal is applied to a democlulato r operating in yn
f'hronism \Yith the input S\\·itch . The drmodulator output 
is proport ional to thr difference in pO\\·rr receind from 
the acrial an d the comparison rrsistor. 

It has brrn shO\rn by Orhaug and \Yaltman (1962) 
that a DiC'ke radiomrtrr of thi type has maximum 
tability ,\·hrn the acrial tcmperature is equal to the 

tcmperaturc of the C'Omparison resi tor. Under usual 
operating condition at high frequencirs thr aerial tem
peraturc is lower than the temprraturr of the compari on 
tcrmination. To make the two tcmperatures equal, noise 
power from a dischargc tube i · introducecl into the aerial 
sicle of the S\Yitch through a directional coupler and a 
motor-drinn variable attenuator. To keep to a minimum 
the noise pO\\·er that must be injccted to balance the 
system, the comparison resistor is immersed in liquid 
oxygen at 90°K. A calibration signal can be in erted 
through a second directional coupler. The ferrite cir
culator s\\'itch operates at 97.7 cps and i similar to the 
one describcd by Lax and Button (1962). Besicles acting 
as a SPDT coaxial switch it also functions as an i olator 
prcventing small changes in antenna or compari on 
resistor impedancc from dcgrading the performance of 
the following amplifier. Switching is accomplished by 

TABLE I. EQl'IP~IEXT St:PPLJERS 

Block :-:ro. 

(l) 
(2) 
(3) 
(4) 
(5) 

(6) 
(7) 
(8 ) 
(9) 

(10 ) 
(11 ) 
(12 ) 
(13 ) 
(1-!) 
(15 ) 
(16 ) 
(Ji) 
(18 ) 

(19 ) 
(20 ) 
(21 ) 
(22 ) 
(2:3 ) 
(2-1 ) 

:'lfanufacturer 

D.S. Kennedy Co. 
Xalional Research Council , Ottawa. 
Hewlett-Packard Co. 
:'IIelabs, :\Iode! X-124A 
Zenith Radio Corp., :\Iode! LB (Power Supplies, 
D.R.A.O.) 
Applied Research Inc ., :\Ioclel HFF-T-ZX 
:'IIicrolab, Series CJ-X 
Ewen-Dae Corp. 
D.R.A.O. 
Ewen-Dae Corp. 
Ewen-Dae Corp. 
Ewen-Dae Corp. 
Bulova \\'atch Co. and Daven Co. 
Ewcn-Dae Corp. 
R.C.A. 2.:\"384 Transistor 
Ewen-Dae Corp. 
Stevens Arnold Corp. :\Iode] A32-9-l 
Texas Instrument Inc., Servo Riter 
:\Iode! PSD 
D.R.A.O. 
Hewlett-Packarcl Co., :\Iode! -105 CR 
D.R.A.O. 
I.B .:\I. Type 02-l 
Stoddart Aircraft Radio Co., Inc., 9223-1-58 
Sulfrian Cryogenics, Inc. 

D.R.A.O.- Dominion Radio Astroph>·sical Observatory. 

Block Xo. 

(25 ) 
(26) 
(2ï) 
(28) 
(29) 
(30) 
(31 ) 

(32 ) 
(3,3) 

(3-l) 
(35 ) 
(36) 
(3ï) 
(38) 
(39 ) 

(-10 ) 
( 41) 
(42 ) 
(-13 ) 
(44 ) 
(45) 
(-16 ) 
( 4ï ) 

'.\Ianufactmer 

:\ Iicrolab, CA4IX 
A.rra 1r Line, :\Ioclel 341-1-30 
Airborne Instruments Laboratory, Type 7010 
X arda :\Iicrowave Corp., 3003-10 
Alfred Electronics, :\Ioclel ï03 
Gombos :'ll icrowave Inc., :\Iode] 2S12 
Alfred Electronics Inc., :\Iode! 502A
(I-Iiggins HA-2E) 
Gombos :\Iicrowave Inc., :\Ioclel 3S12 
Ficlellone :'llcrowave Inc., (JV'.\I), 
:'IIodifiecl by D.R.A.O. 
D.R.A.O. 
D .R.A.O. 
D.R.A.O. 
FiC>hltone :\Iicrowave Inc., (JY:\I) 
D.RA.O. 
Ewen-Dae Corp., :.\Iodifiecl by D.R.A.O 
(seC' Figure 2) 
:\Ielabs :\Ioclel RL-3 
Ewcn-Dae Corp . 
D.H.A.O. 
D.R .. \.O. 
D.R.A.O. 
D.R.A.O. 
D .R.A.O. 
Phelps Dodge Electronir, Proclucts Corp., 
St>-roflex. 
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FIGURE 2. Block diagram of the radiometer. Numbers refer to Table 1. Items marked (F) are located at the focus of the radio 
telescope. Items marked (D) are located in the declination axis. Ali other apparatus is in laboratory building. 

revcr ing the magnetic field applied to the ferrite. The 
Joss in the s\\·itch i about 0.1 db and hence contributcs 
on ly approximately 7°K to the receiver noise tcmpera
ture. 

Whcn maximum sensiti,·ity rathcr than maximum 
stability is required, the balancing discharge tube i 
turned off and a gain modulator in ertcd in the intcr
mediate frequency amplifier. This device uses attcnuators 
and a cry tal diode s,Yitch operating in synchronism \\"ith 
the input switch to reduce the power from the comparison 
resistor until it i cqual to that from the antcnna. 
Although this mode of operation has a property of a 
balanced Dickc system of being in ensitive to gain 
fluctuation , it is sensitive to noise factor fluctuation . 
In the present case, a change in rccciver noise tcmpcra
ture, T:-1 °K, " ·ill appear as an output deflection of 
approximately ½ TN °K. 

The radio frequency preamplifier is an electron beam 
parametric amplifier (Adler tube) similar to the one 
describPd by Adler, Hrbek and Wade (1959). Its gain, 

whcn operating at minimum noise tcmpcraturc of 90°K, 
is about 23 <lb. To obtain optimum performance, the 
clectrode potentials, magnctic field and pump power are 
stabilized to a high dcgrce and the input impedances 
must be accurately matched. The Adler tube is opcrated 
in a degeneratc mode for hydrogen-line reccption and the 
pump power rcquired at twicc the signal frequency is 
about 200 mw. A cloublc-cavity bancl-pass fil ter following 
the Adler tube kccps stray pump power out of the crystal 
mixer and prcvcnts local oscillator power from cntering 
the p::tramctric amplifier. The balancccl cry tal mixer com
bines the signal, whose nominal frcqurncy is 1420.4 :.\Ic/ s, 
and the local oscillator power at 1385.4 l\fr / s to pro
duce an intcrmediate frequency of 35 l\Ic/ s. A cascode 
preamplificr and threc pentode stages amplify the signal 
before it is transmitted by cablc to the laboratory build
ing. The signal is thon further amplified and converted 
to 10.7 Mc/ s wherc the pass-band is limitcd by filters of 2, 
5, 10, 50, 200 or 6000 kc / s bandwidth. The first four arc 
crystal filters. Aftcr further amplification the ignal is 
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drtrrtrd iu thr base-to-rmittrr junr-tion of a transistor. 
A tunrcl audio amplifier follom, the clrtcctor and thr 
signal is thrn appliecl to a c·hopper-typc ckmoclulator 
dri\·rn in synC'hronism ,Yith the ferrite S\\·itr-h at the 
foc-tlS. 

The DC' output of the clrmodulator is appliecl to a 
simpk RC lcnY-pnss filtrr and then to a potentionwter 
pen reC'orclrr. The' output also feeds an intrgrator in 
,Yhil'h a rnpal'itor is chargccl for an ac-niratcly timcd 
inten·al, usually half a siclrrcal minute, with a currcnt 
proportional to the output of the rcrci\·cr. At the cncl of 
the intcrval an iclentiral capacitor bcgins charging whilc 
the voltage on the first capaeitor is appliecl to the pcn 
reeorclcr and rcad with a digital rnltmrtcr. Aftcr heing 
reacl, the capac·itor is shortccl until the brginning of the 
ncxt integration periocl. The thrce-figure digital yo[t
mder reacling is then punchecl on a rard. A punch 
coupler bet,\·een the digital Yoltmeter and the earcl 
punrh changes the data from parallcl to serin! form. 

A keyecl automatic gain control is appl iecl to the 
intermecliate frequenry amplifiers. The control Yoltage is 
clerived from the detectecl receiYer output cluring the 
half of the switching cycle ,vhen the rcceinr is conncctccl 
to the comparison resistor. Thegainisthcreforeindcpcncl
rnt of the magnitude of the signal bcing recciHd by the 
antenna. In this 1rny it is possible to obtain a high degrec 
of gain stability \\·hile avoiding the non-linear response 
normally associated with a simple AGC system. The 
sensiti,·ity is, ho,\-c\·cr, clependant on the temperaturc of 
the comparison resistor and the recci\'cr noise tempern
turc. The comparison resistor is maintainecl at constant 
tcmpcrature. The eftrc·t of chüngcs in rceein'r noise on 
the output of the system is proportion alto the pcrl'cntagc 
change in the total input noise and to the sizc of the 
unbalanced switchecl signal. Sin ce the rccei\·er is normally 
operatecl in a nearly balancccl condition, small changes in 
recciYer noise arc uuimportant. 

Bccausc changes in tempcrntu1e of the comparison 
rc,;;istor \\·ill normally be indistinguishüble from changes 
in acrial trmprraturc, the tcmpernture of the comparison 
rcsistor must be hcld c·onstant to 1rithin the dcsil'rd 
accuracy of the measurcmc'n ts; for somr ohsctTa t iorn; 
this ii-, of the order of 0.0S°K. This requirrment is mrt by 
imm<'n,ing the resistor in liquid oxygrn. Liquicl oxygen 
is used instcacl of the c-ooler liquid nitrogcn becau;;e the 
tcmpernturc of a liquicl nitrogcn bath will rise as oxygen 
from thr atmosphrre dissol\'es in it. The resi;;tor is at the 
hottom of a 5-litrr clcwar fl.ask fixccl to a spar near the 
foc·tis. A rigid C\,H·twtcd c-oaxiül line conncds the resist
ancc tcrmination to a short lcngth of thcrmally insulatcd 
HGOB cahlc. 

The stability of the system for tinws of the order of an 
hour or more is limitrcl by changes in the temperature of 
thr grouncl which is obsrrncl in the sicle lobes of the 
an tonna. This apparrnt i11stability is of litt le consequcnce 
for most galac-tic· hydrogcn-line observations or for point 
source stuclic,;. It does, howrvcr, limit the accuracy of 
measurements of the background continuum radiation. 

1\·hen obscn·ing the h_vdrogen lino it is nere sary that 
the signal and idlC'r hancls coincicle or arc ufficiently 
separatccl so that on ly one band fa lis in the region of 
hydrogcn cmission. An impro\·ement in signal-to-noi e 
ratio '.of V2 is •achie\·rcl if thc~parnmetric amplifier is 
opcrntcd in the clcgcncrnte mode. The pump frequcncy i 
then cxaC'tly twiC'c the signal frequency and the signal 
and icllcr bands coincide. To fulfill this condition for all 
frequcncies to which the recci\·er can be tuned, the pump 
frequency must be cle1fred from the local oscillator. In 
this ca e the pump frequency is equal to t,\·ice the sum of 
the local oscillator and intermcdiate frequencies. The 
local oscillator frequcncy is doublecl in a cavity multiplier 
employing a planar triode. It is then mixed with the 
output of a 70-:.\Ic / s sourrc in a similar cavity device. 
The sum frcqucncy is selected with a band-pas filter 
and amplifiecl by a tranlling \,·a,·e tub . The resultant 
po,1·cr is sent to the-focus• through a 4-cm diametcr 
nitrogen fillcd coaxial line. A small amount of po1rnr is 
extractecl at the focus and usccl to control the gain of the 
travelling wa\'C tu be. Finally, the po1wr is delil·crccl by 
way of a balun and a short lcngth of twin leacl to the 
quadrupole structure inside the Adler tube . 1Yhen obser
vations of the continuum rathcr than the hydrogen-line 
arc to be macle, the rccei,·cr is tuncd to 142-:1 :.\I c/ s and 
the pump frequcnC'y rcturnecl to 28:10 :.\Ic/ s; the signal 
and idlrr bands arc then spncccl on cither side of the 
hydrogcn frequcney. This doubles the effective band
wiclth of the recei\·er. 

Local Oscilla tor 

A block cliagrnm of the local oscillator is ho \lïl in 
Figure 3. For oh,;cn·ing galactic hyclrogPn, it frequeney 
is approximatc,ly 1185..+ :.\[C' / :-- . The local oscillator must 
br frequency stable to a small fraction of the recci\·cr 
hanchridth and must be continuously tunahlc o\·pr n 
range of sryrral megacyele:;. 

Tu satisfy hoth rcquiremcnts, the local oscillator 
frequcncy is synthe:;ized hy adcling a high frequency 
(1235 :.\Ic s) cleri\·ed from a nry stable crystal oscillator 
to a lo1rer ,,u-iahle frpquency ( = 150.-1- :.\Ic/ s). To obtain 
the 12:3,3 :.\le s p0\YCr an oscillator is phnse-locked to the 
2-t7th harmonir (-cl: X 62 - 1 = 2-:l:ï) of a stable 1 :.\Ic/ s 
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FIGUJ;.E 3. Block diagram of first local oscillator. (Shown as number 39 in Figure 2.) 

crystal o ci llator . This frequency i then multipliccl by 
5 to give 1235 i\Ic / s. The Yariabk frcqucncy is derivccl 
from an inductiYely tuncd oscillator operating at a 
nominal frequcncy of 2.6625 :\Ic/s. Thi frcqucncy i 
subtrnctcd from a cry tal-controllcd frequ0ncy of 12 
:\ic/ s at>d the diffcrencc multip licd by 16 to obtain a 
frcq ue11cy of 149 A ::\Ic/ . A frcc-rnnning o~.cillator is th0n 
phase-lockcd 1 :\Ic/ highcr to proclucc 150.4 :\k/ s. This 
fr0queney is addccl to 1235 l\Ic / s to obtain th0 1385.4 
:\Ic/ s local oscillator frequency. The po,Ycr is tlwn 
amplified by t\\'o triode tagcs and d0liYcrcd to n 4-cm
cliamcter c-oaxial eable whic-h conducts it to the mixer at 
the focu , and the pump-frequenc-y multip lier in the 
dcelination axi . An automatic gain eontrol vo ltag0 
dC'ri\·cd from the mixer c-rystal C'Ul'l'ent is appl iecl to t hr 
pcnultimate amplifi0r. The Op('l'ation of th0 two phas0-
loc-krd ystem i continuously monitor0d by obscn·in~ 
lis ajous figur0s !)('t\\·00n point X and the point.- A a nd B 
in Figure 3. 

Sine0 tlw local osC'illutor ùctC'rmin0s the frcquen<'y of 
rcc-rption , it iR important for hydrogcn-Iine ob 0n·ations 

that its frcquency be accurntely knmrn . The 1 l\Ic / 
crystal is C'heckecl pcrioclically against the standard fre
qurnry transmis ion of \V\VV. The nuiablc fr0quency 
oscillator is monitor0d continuou ly by mcans of a fre
C[Uency counter and markers at s0lectcd frcqucncy 
intcrvals tu·0 placed on the pen recorclC'r. 

Whrn drift scans arc used to obsrrve hydrog0n mo\·ing 
at a particu1ar Mlocily with respect to th0 local stand
ard of r0st, the rerei\·ing fr0quency mu t be alterccl con
tinuously to compens:tte for cloppler shifts causccl by th0 
c-hanging eomponcnts of the sun's and earth 's motion in 
th0 clir0ction of observation. Th0 frcqucneirs, f, c·or
r0sponding to the d0sircd velocity, ar0 therdore calcu
latC'd using thr t itbles of :.\fac·Rn0 and \\' 0sterhout (1956) 

for eac-h half hour of right nsc·011sion . Yalu0s of df and 
da 

cl2f 
arc eal culatPcl or obtained from a plot of fr0quc'11n· c!a2 . 

t'8 1 ight asc·e11 sion . At th0 stni t of an obs0n·atio11 tlw 
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lo('al mwillator j,; ,;C't to thr appropriate frrquc•nc·y. Th r 

df . . 
sca11 rate, da , i;; srt 1.o thr caku latc-cl ntlur hy po,;1t1011-

ing the ball of a ball-disc· \'ariable dri\·e 1Yhich co nn rds a 
synch ronous motor to thr ose-il lator turn ing adj ustmrn t. 
A src·ond motor and sprrd rrduce1 changrs thr sc·an ratr 
by moYing thr ball a long the rndius of thr di se at a sprrcl 

c[2f 
proportional to --. The quaclratic approximat ion to 

da2 

the ,·ariat ion of freq uency 11·ith ti me is usua lly adeq uate 

E E 
0 0 
0 r<) 

R. A. .c .c 
U) l{) 

for obsen·ations lasting an hour or l\Yo rmploying a 
10-kc, s hand11·idth . 

A sample drift record of hydrogcn-linr emission in 
.1 uriga is shown in Figure 4. From man y suc-h record 
eombinecl \\·ith decl ination scans and spectrn, contour 
maps of the sky han bren produeed giYing the distribu-
1.ion of neutral hydrogen in a sprc- ific velocity interrnl. 
Fin' maps eover ing 30° x 20° in t he region of the anti
crntrc a nd t hree maps co\'C'ring 6° x 8° in C:eminorum 
arr prrscntrcl rlsc1Yhc rc (Locke, Galt and Co tain 1964-
a,b) . 
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FIGURE 4. Semple drift record at declination 39°30 ' and radial velocity V = - 15.7 km s. Observed Apri l 26, 1962, beginning 
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Results of Observations Made with the 
Reversible Meridian Circle 1956-1 961 

E. G. WooLSEY 

ABSTRACT: This publication contains the results of observations of 3753 AGK reference stars, which form the Ottawa 
contribution to the cooperative re-observation of the AG stars. The published positions were determined differentially 
using the 930 FK3 stars whose declinations are greater than -12°30'; the positions used for these stars were the 
FK3R positions. 

The catalogue also gives the relative corrections for the fundamental stars in the form observed minus FK3R 
position. 

The program stars were each observed twice: the probable error of a single observation is ~21 in right ascension 
and ~27 in declination. 

RÉSUMÉ: Cette publication renferme les résultats de l'observation de 3,753 étoiles de références AGK qui constituent 
la contribution d'Ottawa à la ré-observation en coopération des étoiles AG. Les positions publiées ont été déterminées 
de façon différentielle à l'aide de 930 étoiles FK3 dont les déclinaisons sont supérieures à -12°30'; les positions utilisées 
pour ces étoiles ont été celles des étoiles FK3R. 

Le catalogue donne aussi les corrections relatives pour les étoiles fondamentales sous la forme observée moins la 

position des étoiles FK3R. 

Les étoiles au programme ont été observées chacune deux fois. L'erreur probable d'une seule observation est de 
~21 en ascension droite et de ~27 en déclinaison. 

INTRODUCTION 

The Ninth General Assembly of the International 
Astronomical Union, held in Dublin, Ireland, in 1955 
approved a plan for new photographie observations 
of the AGK stars in the northern sky, and for meri
dian circle observations of the reference stars to 
assure their agreement with the fondamental cata
logue. 

The fondamental catalogue used in the reduction 
was the FK3 revised. The adopted positions of the 
fondamental stars were obtained from "Apparent 
Places of Fundamental Stars," with the corrections 
from V eroff entlichungen des Astronomischen Rechen-
1 nstituts, Heidelberg, Nr 6, 1957, and Nr 8, 1960, 
applied to the individual star observations. 

The observations for this catalogue were com
menced on February 13, 1956, and were completed 
September 29, 1961. All observations were made 
by E. G. Woolsey and R. W. Tanner; they were 
assisted in the reductions by G. A. Brealey, M. O. 
Wheeler, E. G. Garland, Miss O. Boshko, Mrs. B. 
Crawford and a number of summer assistants. 

The catalogue is divided into three parts. Part I 
contains the positions of the AGK3 reference stars. 
The star numbers used are those provided by F. P. 
Scott of the U.S. Naval Observatory who coordina-
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ted this program. Part II contains the AGK3 
reference stars and presents the differences between 
the observed values and the AGK2 catalogue in the 
form observed minus AGK2, and is given for the 
convenience of anyone wishing to compare catalogues 
or make proper motion studies. Part III contains 
the observed corrections to the fondamental catalogue 
in the form observed minus FK3 Revised. The stars 
in Part III are numbered using the FK4 numbering 
system. This is the same as the FK3 except for the 
high polars which have been assigned numbers in 
place of Greek and Roman letters. 

The probable_ error of a single observation was 
calculated for each star. The average of these 
probable errors for all stars is ':21 in right ascension 
and ':27 in declination. The same value of probable 
error of a single observation was obtained for both 
the reference and program stars. 

Although these results are published here, the 
individual observations have been forwarded to 
F. P. Scott at the U.S. Naval Observatory, where 
they will be combined with the observations from 
other observatories to produce a catalogue which will 
be known as the "AGK3R." 
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OBSERVING PLAN 

As two observations were to be secured on each of 
the program stars, it was planned that each star 
would be observed once in each clamp and once by 
each observer. Observations were to be taken at ail 
declinations and an effort was made to observe about 
thirty well-distributed FK3 stars each night. Ail the 
stars published in "Apparent Places of Fundamental 
Stars" that lie north of -12°30' were used as refer
ence stars. These were divided as follows: 

-12°30' to + 12°30' ..... Time stars 
over 80°. . . . . ... . . High azimuth stars 
75° to 80° ....... . .. . .... 75° azimuth stars 
60° to 75° .... .. .. .. . Refraction stars 
12°30' to 60° ..... . ... . .. Comparison stars 

An average night's work covered about 6 hours of 
right ascension and included: (a) four azimuth stars, 
one at upper and one at lower culmination, from each 
of the two groups; (b) four refraction stars, two at 
upper, two at lower; (c) ten time stars (though a 
minimum of seven for a night was acceptable); (d) 
the comparison stars distributed at least one in each 
10-degree zone of declination. The program stars 
were observed at upper culmination only. 

Collimation, azimuth marks, level and nadir 
points were read before and after the night's observ-

ing, and in addition, level and nadir readings were 
.repeated at two hourly intervals. Barometer, baro
graph, external thermometer and thermograph and 
the observing room thermograph were read before 
and after observing. Thermometer readings at the 
telescope were taken several times per hour. 

The telescope was reversed in its pivots on the first 
day of each month except November. At the same 
time the mean of contacts and strip width were 
determined. The brighter stars were screened down 
to sixth magnitude and a reversing prism was used 
in ail observations. 

For this program, the standard deviation, u, of 
the residuals, observed minus FK3 Revised, were 
calculated in bath right ascension and declination for 
each night's work. Nights on which either of these 
values of u exceeded 0~050 sec o in right ascension or 
0~75 in declination, were rejected. These values were 
selected as approximately twice the expected mean 
error of a single observation. When the difference 
between the two observations on a program star 
exceeded 0•100 sec o in right ascension or 1''.50 in 
declination, the star was re-observed. As was anti
cipated this was required for about 8 percent of the 
stars. 

RIGHT ASCENSION 
The_right ascensions were calculated using Bessel's 

formula: 

a = T + M' + c seco + n tano 
in the manner described in Vol. XV, No. 3. The 
data from each night were examined by forming the 
residuals, observed minus FK3 Revised. It had been 
noted during observation that on several nights these 
residuals followed a curve as though there were an 
error in collimation and that the individual values of 
n as determined for the polars over 80 degrees 
differed from those between 75° and 80°. However 
the average of the higher polars taken above and 
below pole and of the 75° to 80° polars, above and 
below pole, gave the same value. It was decided to 
leave any adjustment until the program was com
pleted. 

On a number of nights the residuals (O-FK3R) 
appeared to be very high for the stars observed near 
the zenith. These nights were examined and in ail 
cases a correction to the collimation improved the 
residuals for ail stars. In our past publications the 
mean residuals followed a similar curve. In order to 
determine whether the residuals should be reduced 
by a clamp correction or a night correction, the 
residuals for each night were correlated with the 
curve 

(O-C)coSo = k(l-sino - coso) 
where k is the correction for collimation. 

On 43 of the 283 nights the correlation factor 
exceeded .50. The value k did not appear to have 
any relation to clamp or observer, but appeared to 
make major changes at times of interruption such as 
change of clamp or servicing of the instrument. It 
was decided that the best way to apply a correction 
was as a night correction of k(l-sino - coso), where 
k was determined by a least-squares solution of the 
residuals of ail the FK3 stars observed. 

The corrected values (O-FK3R)coso were then 
examined for difference of clamp and observer for 
each three hours of right ascension and ten degrees 
of declination. The weights are derived by the usual 
probability formula mn/(m + n), where m and n 
are the number of observations in each clamp. Table 
I shows the difference by clamp, and Table II by 
observer. These tables indicate that there is no 
justifiable correction for clamp or observer. 

Table V gives the values (O-FK3R)coso, for ail 
observations for each three hours of right ascension 
and ten degrees of declination. The weights in this 
table are the number of observations. 

Satisfactory agreement between observation and 
reference catalogue was reached except for the right 
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ascension coordinate for stars with declinations 
between 80° and the pole. Examination of mean 
errors led us to believe that this discrepancy was due 
to the small number of observations rather than an 
instrumental error. No adjustment was made in the 
results. 

Tables VII and VIII show the differences in right 
ascension with culmination, and weights dependent 
on m and n as before. These differences are considered 
to be negligible. 

Tables XVII and XVIII show the attachment to 
the FK3 Revised values. The weights are the 

number of stars compared. 

A least-squares solution of the residuals (O-FK3R) 
for the 311 time stars gave: 

(O-FK3R) a = .0020 cos a - .0007 sin a -

.0004 cos2 a - .0020 sin2 a. 

All values have the mean error ± .0009. 

Since all program stars· have been observed at 
upper culmination, no effort µas been made to com
bine observations of reference stars at upper and 
lower culmination. The values are given separately 
to assist anyone in applying additional corrections. 

DECLINA TI ONS 

Ail observations were corrected for refraction, 
division error, and reduction to the meridian. No 
correction for inclination of the wires was necessary 
since any observation not made symmetrically was 
discarded. The refraction table of Vol. XV, No. 2 
(essentially Bessel's) was used, the auxiliary tables 
having been adapted from their logarithmic form. 

A constant value of 45°23'39':oo was first assumed 
for the latitude. The resulting apparent places of all 
the FK3 stars were compared with the FK3 revised 
positions. A Aq, was calculated to make the O-FK3R 
in declination vanish in the average for the night, 
thus allowing for a variation in latitude. Where the 
standard deviation exceeded 0~75 (for ail FK3 stars) 
the night was excluded. An examination of the 
residuals (O-FK3R) revealed that on many nights 
the residuals varied with the zenith distance. This 
could be explained either as a flexure correction, or a 
refraction correction. 

Each night's work was examined using the curve 
(O-FK3R) = Aq, + kR, where R is the refraction 
value taken from the tables, and varies with zenith 
distances. The values of k do not appear to have any 
relation to clamp or observer. Owing to the uncer
tainty of observations made at large zenith distances 
the adopted Aq, was based on stars whose declinations 
lie between the equator and the pole. The values of 
Aq, and k, determined by a least-squàres solution of 
the residuals for the FK3 stars on each night's work, 

have been applied as a night correction. 
These corrected values (O-FK3R) were examined 

for differences of clamp and observer for each three 
hours of right ascension and ten degrees of declina
tion. The weights were derived by the usual proba
bility formula mn/ (m + n). Table III shows the 
differences by clamp and Table IV by observer. 

Table VI gives the values (O-FK3R) for all 
observations for each three hours of right ascension 
and ten degrees of declination. The weights in this 
table are number of observations. These show 
satisfactory agreement between the observations and 
the reference catalogue. 

Tables VII and IX show differences in declination 
with culmina,tion. Table IX shows a strong variation 
with declination. However Table XVIII, which 
shows Aô6 , agrees with the fundamental catalogue 
except for the stars at lower culmination. 

The past observational programs have always 
shown a change in the star residuals when the zenith 
distance exceeds about 60°, which is approximately 
where the roof meets the walls of the observing room. 
For this reason the program stars were observed at 
upper culmination only, and no correction based on 
Table IX has been applied. 

Table XII shows the attachment to the FK3 Re
vised values. The weights are the number of stars 
compared. Again no effort has been made to combine 
observations made at upper and lower culmination. 

PROGRAM STARS 

Ail program stars were treated in exactly the same 
manner as the FK3R stars. To demonstrate the 
agreement of the program stars with the fundamental 
catalogue a number of additional tables are provided. 

Tables XII, XIII and XIV tabulate the average 
differences observed minus AGK2. No proper motions 

have been applied. Tables XV and XVI give the 
mean error of a single observation for the AGK3R 
stars. In order that a comparison of the mean errors 
for a single observation may be compared, Tables 
X and XI give these same values for -the FK3R 
stars. 
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~ 
Declination 

1ot to 601.. 

BOL to 70°L 

90'l to 80'\.. 

RO 
. 

90° to 

70 
. 80° to 

60 
. 70° to 

50° to 60° 

40° to 50° 

30 ° to 40° 

20 
. 

30° to 

10 · to 20· 

0 to 10· 

-10 
. 

to o· 

-20· to -10• 

Mean 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

TABLE 1. - Clamp differences in Right Ascension (ClW-ClE)cos o • 
Unit $001, weight mn/(m+n) 

oh to 3h 1 3h to 5h 1 5h to 9h 1 9h to 12h 1 12h to 15h 1 1:;h to 1sh 

Val. Wt. Val. Wt. Val. Wt . Val. Wt. Val. Wt. Val. Wt . 

1sh to 21hl 21h to 2,ih 

Val. Wt. Val . Wt. 

-10 

7 

9 

6 

5 

-10 

-1 

-8 

-1 

5 

9 

2 

4 

-7 

10 -2 8 -7 13 2 13 -2 9 -12 9 -11 6 

10 -9 9 -8 13 -2 d -2 13 11 11 -1 17 

10 6 11 9 5 18 10 7 6 7 4 -3 10 

6 4 8 12 6 3 14 10 9 l u 6 6 13 

12 -8 10 13 }5 0 6 3 16 4 19 0 15 

11 15 8 2 16 7 21 0 13 0 15 4 6 

15 13 10 -9 8 -16 12 -10 14 -6 19 -6 13 

15 -17 21 -8 22 0 21 -1 22 l 29 -1 12 

15 -4 15 -8 14 -8 25 4 22 -10 18 0 20 

21 -3 20 5 30 2 14 7 18 -3 24 6 24 

20 -R 17 l 30 5 25 3 21 l 21 2 30 

36 5 ~o 4 39 2 49 5 30 8 45 3 43 

20 -12 37 -1 42 5 4H 4 37 -7 36 6 53 

7 0 0 -10 9 -11 H l 6 -4 11 5 4 

-4 0 2 2381 0 2 

TABLE 11. - Differences hy observer in Right Ascension (Woolsey-Tanner)cos ii • 
Unit ~001, weight (m+n) / mn. 

- 7 11 

-10 17 

-4 11 

13 12 

- 3 16 

-3 13 

-6 10 

- 7 16 

-2 20 

-12 19 

- 1 19 

- 4 38 

2 44 

-7 5 

~ , ohtoah I ahtosh 5h to gb gh to 12h 12h to 1sh 1 1sh to 15h 15h to 21h 21h to 2,ih 

Declination · Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt . Val. Wt. Val. Wt. Val. Wt. 

1ot to 6ol 11 9 27 7 11 11 1 12 5 8 9 7 3 6 -3 11 

MOL to 70°L 6 10 -12 10 - 9 12 - 14 7 -2 12 -16 12 5 14 -9 16 

90°L to 60°L 2 9 -7 11 4 5 - 8 10 2 6 -26 4 l 11 -2 11 

80 to 90 -8 5 -20 7 -3 6 10 12 -15 9 -3 6 2 12 2 11 

10· to 80 - 1 12 -8 9 -2 15 6 6 -1 16 8 19 -5 15 10 16 

60 to 7Ô -11 9 9 8 2 16 12 19 4 11 9 14 -16 6 - 8 11 

50° to 60 5 13 -15 9 -2 7 -9 11 7 13 -11 17 -5 11 9 9 

40° to 5Ô l 13 -7 19 - 5 20 -4 21 -3 21 -9 25 10 10 2 13 

30° to 40 8 1,, 12 14 10 13 6 23 -9 21 4 17 -1 18 -1 16 

20 to 3Ô 9 20 -2 19 -2 29 -3 14 2 15 0 n. 11 l3 -15 17 

1 o· to 20 13 18 -7 15 3 26 -9 22 11 18 4 21 2 29 15 20 

o· to 10 10 35 5 29 0 36 -1 47 -1 3 v l 43 -1 39 3 35 

-10· to 0 2 19 7 36 -1 39 l 45 -2 33 -10 35 -5 53 1 41 

-20· to -10 -31 5 0 0 5 6 10 6 9 8 3 10 25 4 7 4 

Mean l 4 191 0 194 0 245 0 256 0 223 - 2 2531 0 249 1 l 233 

Mean 

Val. Wt. 

-6 79 

-2 98 

6 611 

B 74 

2 111 

2 103 

- 5 103 

-5 159 

-4 148 

l 170 

2 185 

3 311 

0 317 

-5 51 

0 1974 

Mean 

Val . Wt. 

7 72 

- 6 92 

- 4 66 

-3 69 

2 109 

2 95 

-3 90 

-3 141 

3 136 

0 159 

4 171 

2 ~94 

- 1 302 

4 48 

0 1647 



RESULTS OF OBSERVATIONS MADE WJTH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

TABLE III. Clamp Differences ln Decllnatlon (ClW-ClE) 

Unit !'01, Weight mn/(m+n) 

89 

~ ohto 3h I shto 5h 1 6hto9h 1 9hto12h j 12h to 15hl 

Decllnation Val. Wt. Val. Wt. Val. Wt. Val. Wt Val. Wt. 

15h to 1sh 118h to 21 h 121h to 24h I Mean 

Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

70°L to 60l 

ao°L to 70L 

90°L to BOL 

80 to 90 

10· to so· 

60° to 70° 

50• to 60° 

40° to 50° 

30° to 40° 

20· to 30" 

l o• to 20· 

o· to l o• 

-10· to o· 

- 20· to -1 o· 

Mean 

~ Decllnation 

7ÔL to 6ÔL 

8<1L to 7 d'l 

90L to 8d'L 

80° to 90° 

10· to 80° 

60° to 7(f 

5o" to 60° 

40° to 50• 

3o' to 40 ° 

20· to 30° 

10· to 20• 

o· to 10· 

- 10• to o· 

-20· to -10· 

Mean 
1 

- 3 9 l 7 20 13 -5 13 -24 8 - 18 8 -1 6 22 9 l 74 

3 8 12 8 -38 11 -6 7 -1 13 0 11 21 15 -11 16 -3 91 

15 9 - 27 11 - 6 5 5 lu 21 6 27 4 -12 lù - 2.ù 11 -4 6!:! 

4 6 - 23 8 -1 9 6 tl 14 4 9 - 33 6 - 3 12 -2. 12 -5 7l 

34 12 16 10 -7 15 -10 7 3 15 <l 18 18 14 -11 15 7 106 

0 11 -1 8 -1 16 -15 2J -14 13 - 14 14 - <l 6 -7 13 -9 101 

- 2 15 - 3 11 42 8 4 12 1 0 14 -12 19 -11 1 3 -1 lv 1 101 

5 16 -14 2 1 1 3 a 13 21 - 4 22 -15 28 -23 12 -4 15 -3 15b 

12 15 -18 15 2 13 - 13 24 5 22 -19 18 - 3 20 -3 19 -5 146 

-1 20 -11 19 6 29 12 14 - 2 17 lv 23 - 7 24 -5 19 ù 1~7 

25 19 10 17 19 29 12 25 -1 2 21 11 22 6 30 8 19 lu l<l3 

11 36 -13 31 4 3!:! -22 48 v 29 - 2 44 1 41 3 :,7 -j 304 

0 19 -15 ::ia 12 41 5 47 5 36 - 2 36 - 1 5J 9 43 '- .H, 

- 25 6 0 0 14 9 -1 0 8 -25 tj 8 11 1 2 4 i; 4 - j 5o 

8 201 l -9 204 1 7 255 1 - 2 271 1 -1 235 1 -3 2.6, 1 J 263 1 ,J L4J 1 

TABLE IV. Differences by Observer ln Decllnation (Woolsey-Tanner) 

Unit !'01 , Weight mn/(m+n) 

oh to 3h 1 3h to 5h 1 5h to 9h 1 9h to 12h 1 >,h «, "î ,e;>, <o ,ah j ,ah <o "' 1 
Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt Val. Wt 

1 8 - 10 7 - 23 11 -5 1 2 -4 9 7 - 13 6 9 6 

19 9 -2 9 -11 11 -15 7 -11 11 -3 11 18 12 

2 9 2 1 12 26 5 28 10 33 5 -7 4 22 10 

-23 5 - 26 8 - 3 6 23 12 11 9 38 6 5 l ù 

11 12 -1 6 9 - 23 14 -26 6 20 16 - 29 19 10 15 

6 9 1 8 - 11 15 -12 l <l - 21 11 -1 14 - 32 5 

-4 1 3 -24 9 10 6 12 11 8 14 - 1 17 -22 11 

4 13 -1 0 18 -11 20 3 21 16 21 3 25 12 10 

14 13 20 14 23 13 0 23 13 21 1 0 17 11 18 

34 19 13 19 2 2 7 5 14 10 15 -4 22 8 23 

12 18 2 15 5 28 19 22 - 8 18 2 0 22 -12 29 

1 2 33 3 30 5 36 0 46 -8 29 l t! 43 -12 37 

6 18 13 36 2 38 -7 42 - 1 33 -1 35 -1 53 

-11 5 0 0 - 15 8 -42 8 - 27 8 2 J 10 -25 4 

9 184 1 3 1941 -1 23!l 
1 

0 254 
1 

1 219 4 251 
1 

-1 2441 

21h to 24h I Mean 

Val. Wt. Val. Wt. 

-37 9 - 16 67 

7 15 0 85 

24 11 20 65 

- 23 11 1 67 

- dl 15 -10 105 

5 11 -8 92 

- 12 9 -4 89 

-15 13 0 141 

- 9 17 9 137 

- 11 18 7 157 

5 19 5 170 

- tj 34 2. 2!:!t! 

-6 4() ù 297 

-1 0 4 -14 4tJ 

-7 2261 1 lt!lJ 
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~ Dec:Jination 

70L to 60°L . . 
BOL to 70L 

90°L to AO°L 

so• to 90° 

7 rJ to so· 

60° to 70° 

50• to 60° 

40° to 5o· 

30° to 40° 

20• to 30° 

10· to 2(]' 

o· to 1 o· 

- 10· to o· 

- 20 · to -1 0· 

Mean 
1 

PUBLICAT IONS OF THE DOMIN ION OBSER VA TORY 

TABLE V. Obse r ved Differences in Right Ascens ion (O - FK3R) cos 6 

Unit s 001 , Weight - Numbe r of Observations 

oh to 3h 1 3h to sh 1 sh t o 9h 9h to 12h 1 12h to 15hl 15h to 1sh 1 1sh to 21 h 1 21h to 24h I Mean 

VaL Wt. Va l. Wt. Val. Wt. Val. Wt . Val. Wt . Val. Wt. Va l. Wt. Va l. Wt. Va l. Wt. 

- 09 40 5 34 - 5 52 - 6 53 - 6 38 -7 n 1 27 - t. 47 - 4 3.ct! 

- 3 41 2 42 - 7 55 -4 32 1 55 3 51 :) 69 - 6 76 - t. 421 

10 40 24 47 19 22 6 45 13 27 10 18 9 45 11 46 13 L90 

- 7 27 - 24 34 - 14 23 - 4 57 - 14 41 - 5 26 - 5 52 - 9 47 - 10 307 

7 52 4 42 7 63 9 26 -1 7 0 - 2 80 - 7 69 - 2 7J l 472 

19 46 5 37 11 69 H 86 4 55 4 60 - 4 25 (J 53 7 4 31 

0 62 - 2 43 - 2 34 4 52 3 56 - 2 80 - 2 55 -1 43 0 4 25 

- 8 62 -1 0 88 - 2 9 1 1 90 - ts 90 -1 0 11 7 - 5 51 - 4 65 - 6 654 

- 10 60 -4 62 0 58 0 llv 1 90 - 3 75 2 80 - 3 il2 - L 6i7 

2 86 - 3 Hl -1 1 24 0 59 3 73 - 3 l vu 6 l ul v tsl " 7...,5 

6 81 1 70 - 3 122 3 lJ2 l 88 1 89 6 l ô - 3 lj~ L 75'} 

2 162 0 125 - 1 1 58 0 200 - 2 126 1 1 86 9 1 76 3 156 L 1 2!l9 

- 6 83 1 158 - 1 172 3 197 - 1 1 52 - 5 148 :; 223 L 16<+ û 1317 

5 28 0 0 - 5 36 - 9 35 -5 34 - 5 44 - 7 16 - 4 2L -4 215 

1 870 1 0 863 1 -1 10791 1 1144 
1 

- 1 995 1 - 2 1111 1 2 111 4 1 C 1 C54. 0 8.::30 

TAB LE VI. Obser ved Dilferences in De clina tion (O-FK3R) 

Unit !' 01, Weight - Numbe r of Observations 
~ 

~ ohto3h 1 3htosh 1 
sh to 9h 1 9h to 12h 1 12h to 15h 1 15h to 1sh 118h to 21 h 1 21h to 24h I Mean 

Dec:J ina t ion Val. Wt. Va l. Wt. Va l. Wt. Val. Wt. Val. Wt . Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

1ol to 6cfL 24 38 43 31 1 6 53 28 54 30 34 18 34 4 25 L4 40 ,:4 3u9 

sol to 7 cfL 8 38 - 5 39 - 25 50 -1 9 31 - 16 53 - 1 4 47 - 9 63 - 4 71 - 10 39,_ 

90°L to BOL -16 3R - 9 49 - 21 22 - 3 46 - 11 26 - n 113 - 13 45 - '.ll 45 - 15 2b9 

ao· to 90 28 25 1 4 35 -6 23 1 55 18 4 1 - 2 25 v 49 1 47 b 3.;0 

10· to 80° 1 50 11 42 - 5 60 11 n 14 67 4 78 1 66 1 66 4 4 50 

60° to 70° 5 45 -1 9 36 - 5 67 -1 2 84 5 55 6 59 3 '27 " 54 - 2 427 

50° to 60° 21 60 17 43 0 31 2 51 4 58 4 81 16 55 15 42 10 421 

40° to 50• 3 63 17 H6 8 91 5 90 l 89 z 116 9 51 7 63 6 649 

30° to 40° - 5 59 06 61 11 55 l 108 - 1 90 - 10 75 - 1 81 - 4 bv - 1 609 

20· to 30° -5 H3 - 10 80 10 120 6 59 3 7v - 6 97 - 16 1 01 - 1 e.; - ~ 690 

1 o· to 20° -5 78 -1 69 - 3 120 - 6 1 Ci l - 5 tse -1 0 9L - ,: 1 24 - i7 bv - o 71:::.t:. 

o· to 1 o· 5 155 0 128 - 2 1 57 0 197 - 6 124 - ts 183 è 169 - 10 154 - 3 1267 

-1 0· to o· -6 79 - 8 160 - 3 170 - 2 192 -12 151 6 147 l 22L 0 18 Cl - 2 1301 

-20 
. 

to -10 
. 

- 10 28 ù u l ü 38 5 35 12 34 4 43 13 17 lJ 19 6 214 

Mean 
1 

2 839 1 2 859 1 0 1057 0 113v l ù 98J 1 - 2 1 J95 I - 1 l J95 I - 2 1cn l 0 8j 76 



B.D. No. , FK41 Decl. 
No. 

88 112 914 89 3 
88 8 907 89 1 
87 51 909 87 7 
86 269 913 86 36 
85 19 906 85 59 

86 161 1641 85 54 
85 74 1637 85 53 
85 383 1648 85 51 
86 176 1642 85 51 
85 63 908 85 25 

85 80 1638 85 10 
84 59 1636 84 44 
84 451 1647 84 31 
84 196 1640 84 23 
84 169 1639 84 12 

83 640 1649 84 4 
82 51 1635 83 19 
83 536 1646 83 8 
83 453 1645 83 6 
83 397 1643 83 0 

82 743 1650 82 54 
83 297 911 82 48 
83 431 1644 82 43 
81 718 915 82 20 
82 498 912 82 7 

81 302 910 81 33 
79 212 248 79 37 
79 628 734 79 30 
78 34 41 79 24 
78 103 105 79 13 

79 169 19 1 79 10 
78 801 1593 78 34 
78 367 413 78 2 
78 527 590 77 56 
77 800 795 77 55 

78 412 454 77 53 
78 47R 524 77 46 
77 764 759 77 33 
77 115 115 77 33 
77 627 623 77 32 

77 699 700 77 30 
76 928 893 77 21 
77 461 1;51 77 11 
77 266 260 77 2 
76 667 675 76 58 

76 594 606 76 0 
76 393 395 75 58 
75 836 1594 75 58 
76 527 1379 75 55 
76 310 310 75 54 

76 596 612 75 52 
75 189 173 75 51 
75 682 1494 75 22 
74 252 205 75 0 
74 595 550 74 21 

74 872 770 74 47 
74 27 24 74 42 
73 1063 1627 74 7 
74 338 300 74 3 
74 370 322 73 48 

72 1003 1578 73 27 
72 1049 851 73 23 
73 857 729 73 15 
73 478 37L 73 7 
72 86 51 72 47 

72 839 695 72 42 
73 592 499 72 39 
72 140 87 72 36 
72 957 1538 72 21 
7 1 117 70 72 10 

RESU LTS OF OBSERVATIONS MADE WlTH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

1 

TABLE VII. Dillerences Above and Below Pole, R. A. - (U .-L. ) cos 6 and DECL. -(U . -L.) 

Unit ~001 ln R.A., !'01 ln Decl. Welght mn/(m+n) 

R. A. 1 Decl. 

1 

R. A. 
(U-L) 

1 

No. 
LWt., (U-L)I 

No. Wt. FK4 I (U-L) 

lu 
No . 

B.D. No. Decl. 
cos 6 u u L No. cos 6 L 

-.001 9 5 3 . 71 7 3 2 72 804 670 72 10 . 001 7 5 
. 008 8 12 5 . so 7 11 4 71 1111 837 72 5 -.ùl2 9 7 
. 004 9 11 5 . 04 9 11 5 72 679 569 72 0 . 002 6 4 
. 012 11 7 4 . os 11 7 4 71 659 505 71 29 -. 002 7 4 
. ooo 10 16 6 . 39 9 16 6 71 915 714 71 13 -. 003 6 5 

- . 010 17 8 5 • 09 17 10 6 70 259 138 71 10 . 001 4 4 
-. 009 6 12 4 . 25 7 13 5 70 1193 817 71 4 -. 031 8 6 

. 008 18 17 9 . 26 18 17 9 69 1173 809 70 20 . 001 5 6 

. 006 8 9 4 .46 8 10 4 70 703 472 70 3 -. oos 7 5 

. 011 10 16 6 . 21 10 17 6 7u 565 357 70 3 . 010 4 5 

. 001 6 11 4 . 22 6 11 4 69 102 1042 70 0 . 014 8 4 
-. 002 12 8 5 . 25 12 8 5 65 828 429 64 36 . 012 12 6 

. 010 14 15 7 -. 09 13 16 7 69 531 363 69 27 -. 013 7 6 

. 010 8 14 5 -.1 9 7 14 5 69 371 234 69 20 . 028 4 6 

. 004 14 11 6 . 19 14 11 6 69 586 403 69 20 . ooo 8 8 

-. 007 19 11 7 . 49 19 10 7 69 258 1122 69 16 . 023 5 6 
. 004 9 12 5 . 41 9 11 5 69 394 259 68 56 . 020 6 6 

-. 003 12 13 6 . 19 12 13 6 69 850 6 19 68 52 . 003 13 7 
-. 008 7 5 3 . 21 7 5 3 68 949 664 68 46 -. oos 16 7 

. 003 23 11 7 . 09 23 10 7 68 524 1215 68 37 . 024 6 4 

-. 004 10 18 6 . 24 10 18 6 68 480 284 68 34 -. 003 4 6 
. 003 18 11 7 . 34 18 10 6 68 938 659 68 10 . 015 5 4 

-. 013 10 7 4 . 09 10 6 4 67 123 46 67 52 -. 028 4 4 
. 004 17 12 7 . 12 17 13 7 68 551 338 67 49 . 008 6 5 
. 008 8 6 3 . 39 7 6 3 67 149 55 67 47 . 022 4 4 

. 001 14 12 6 -. 03 13 12 6 67 224 92 67 36 . 040 5 4 
-. 001 14 18 8 -.04 14 17 8 67 1129 723 67 34 -. 006 6 6 

. 003 7 12 4 . os 7 11 4 67 876 565 67 32 . 037 5 4 
-. oos 11 10 5 -. 09 11 10 5 67 1562 895 67 31 . 039 7 4 
-. 0 1 0 12 8 5 -. 20 11 6 4 67 714 440 67 1 . ooo 11 5 

. 001 8 14 5 . 01 8 14 5 65 239 76 66 17 . 034 4 5 

. 009 4 7 ? -. 30 4 7 3 66 '358 17A 66 15 . 008 8 5 
-.010 9 9 5 . 24 9 9 5 66 878 554 66 7 -. 021 10 5 

. 004 8 7 4 . 30 7 7 4 65 1814 863 65 56 . 004 10 6 
-. 011 8 7 4 . 15 8 5 3 66 664 387 65 49 . oos 9 4 

. 004 14 15 7 .1 0 1 3 14 7 65 1170 639 65 46 -. 018 8 6 

. 018 11 5 3 . 59 10 6 4 65 ~17 233 65 43 -. 003 15 10 
-. 002 8 10 4 -. 01 7 11 4 66 77A 486 65 42 . ooo 8 4 
-.010 13 6 4 -.34 13 6 4 65 12113 701 1,5 26 -. 038 5 4 
-.015 8 9 4 . 1u 9 9 5 65 767 1262 6• 21 . 012 5 5 

-. 022 6 Il 3 -. 10 6 7 3 65 963 511 64 58 -. 020 6 6 
-.001 7 19 5 . 28 6 19 5 65 978 521 64 % . 018 7 6 
-. 007 8 5 3 • 26 7 5 3 70 665 433 69 36 . 002 12 4 

. ooo 13 10 6 . 62 12 8 5 64 391 1096 64 24 . oos 4 4 
-. 003 13 7 5 . 16 11 7 4 64 1252 6A>; 64 22 . OlR 5 4 

. oos 25 10 7 . 38 25 R 6 63 99 29 61 5R -.001 6 ~ 

. 010 4 12 3 . 71 4 11 3 62 120 63 6'3 25 . 021 6 4 
-. 016 9 7 4 .4 5 9 7 4 62 2102 853 63 19 -.oos 9 5 
-. 018 12 12 6 . 63 12 11 6 63 A45 355 63 16 . 009 9 4 

. 013 19 13 8 . 23 18 12 7 62 597 129 61 3 . 016 7 7 

. 004 13 9 5 . 41 13 8 5 62 759 20'3 61 l . 021 7 6 

. ooo 9 11 5 . 48 9 10 5 63 1026 478 62 59 -.005 8 5 

. oou 9 8 4 . 39 9 7 4 62 1821 767 62 49 -. 002 4 8 

. 020 8 7 4 . 20 8 5 3 63 1225 587 62 45 -.030 4 4 

. 044 6 4 2 . 64 6 4 2 62 102 16 62 39 . 015 13 6 

-. 009 8 8 4 -. 11 7 6 3 62 2029 830 62 32 . 018 5 10 
-. 004 8 4 3 . oo 8 4 3 61 2111 803 62 22 -. 018 9 8 
-. 018 7 5 3 .28 5 5 3 62 1161 417 62 1 . 004 6 6 
-. 004 9 9 5 . 22 8 8 4 61 2444 882 62 0 -. 012 8 8 
-. 015 8 5 3 -. 04 8 5 3 62 1198 1303 61 40 -. 014 7 5 

. 001 7 6 3 -. 13 7 6 3 61 2050 783 61 38 . 010 5 5 

. 016 6 6 3 . 01 6 5 3 61 893 247 61 31 . 009 8 5 
-.027 7 6 3 -. 10 7 6 3 61 1598 1432 60 55 -.010 9 5 

. 024 9 6 4 . 32 10 6 4 60 2288 1572 60 53 -.024 5 6 

. 018 4 6 2 -. L1 4 5 2 61 1054 317 60 53 -.004 13 5 

-. 020 12 4 3 . 09 11 4 3 60 1105 302 60 27 -.012 7 5 
. 015 5 5 3 -.16 5 4 2 59 144 32 60 26 -.018 4 4 
. 032 4 5 2 -.1 1 3 5 2 60 1547 536 60 26 - . 003 5 7 
. 002 6 8 3 . 06 6 8 3 60 85é 182 60 22 -.001 6 6 
. 001 5 4 2 -. 10 5 4 2 60 1461 500 60 12 . 0 09 11 5 

59 248 48 59 58 . 0 10 5 4 
1 
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Decl. 

(U-L) I u 
No. 

Wt Wt. 
L 

3 -.54 7 4 3 
4 . 41 8 6 3 
2 . oo 6 4 2 
3 -.12 7 5 3 
3 . 74 6 3 2 

2 -.20 4 4 2 
3 -. 23 8 6 3 
3 -.34 5 5 3 
3 .18 7 4 3 
L -. 27 4 5 2 

3 . 45 8 4 3 
4 -. 79 11 8 5 
3 . 26 7 6 3 
2 . 24 4 6 2 
4 - . so 8 7 4 

3 -.11 5 6 3 
3 . 04 6 6 3 
5 -.17 12 6 4 
5 -. os 16 7 5 
2 -.6 3 5 4 2 

2 . 25 4 5 2 
2 -. 01 5 4 2 
2 . 17 4 4 2 
3 -. 08 6 6 3 
2 -. 18 4 4 2 

2 .18 5 4 2 
3 -. 01 6 5 3 
2 . 22 5 4 2 
3 -. 19 7 4 3 
3 -. 17 10 5 3 

2 -. 27 4 4 2 
3 -. 67 7 5 3 
3 -.42 9 4 3 
4 . 10 10 5 3 
1 -. 74 9 4 3 

3 -. 15 8 6 3 
6 -.35 15 10 6 
3 . 02 8 4 3 
2 - . 74 6 4 2 
1 . 21 5 5 3 

3 -.08 7 7 4 
3 -.11 7 4 3 
3 -.11 12 4 3 
2 -.64 4 3 z 
2 . 20 5 4 2 

1 -.39 5 5 3 
2 -.38 6 4 2 
3 -.31 10 5 3 
? -. 62 9 4 3 
4 -.46 7 6 3 

' -.54 7 6 ? 
3 -. 33 8 5 3 
3 . 21 5 7 3 
2 -.13 4 3 2 
4 -. 29 13 5 4 

3 -.29 5 9 3 
4 -. 23 9 6 4 
3 -.92 6 6 3 
4 -. 39 8 6 3 
3 -.21 7 5 3 

3 . 32 5 5 3 
3 . os 8 5 3 
3 -.52 9 4 3 
3 -.23 5 5 3 
4 -. 50 12 6 4 

3 -.92 7 5 3 
2 -.77 4 4 2 
3 -. 37 5 5 3 
3 -.sa 6 5 3 
3 -.37 l l 5 3 

2 . 34 5 4 2 
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TABLE VIII . Differences Above and Below Pole in Right Ascension (U - L) cos o 

Unit 8001, Weight mn/(m+n) 

~ ohto3h 1 3hto6h 1 sh to 9b 1 9h to 12h 1 12h to 15h 1 15h to 1sh l 1sh to 21 h 1 21h to 24h I Mean 

Val. Wt. Val. Wt. Val. Wt. Val. wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

se· to 90° 

7 5• to eo· 

70° to 75• 

65• to 70' 

60' to 65' 

Mean 
1 

~ Declination 

so· to 90' 

75• to 80° 

10· to 75• 

65° to 10· 

60° to 65° 

Mean 
1 

~ Declination 

60° to 10· 

10· to 80° 

80° to 90° 

80" to 90 ' 

10· to 80° 

6 O" to 10• 

5 o' to 60' 

4o' to 50' 

30" to 40° 

20· to 30° 

l O' to 20· 

o· to 1 o· 

1 o· to o· 

2 o· to -10· 

Mean 

4 16 3 19 4 11 3 24 0 16 5 11 3 24 

-7 10 4 18 2 21 -2 8 -2 2u J 25 -4 17 

12 12 7 2 -8 8 19 6 12 10 1 5 -11 16 

18 8 15 6 10 19 0 19 - 12 6 2 17 - 20 5 

6 13 10 12 -2 10 3 13 0 16 - 18 5 8 7 

6 60 1 6 56 
1 

3 68 3 69 
1 

ù 68 
1 

0 63 
1 

-3 69 
1 1 

TABLE IX. Differences Above and Below Pole in Declination 

Unit '.'01, Weight mn/(m+n) 

oh to 3h 15h to 18b 

Val. 

I ''"'~ J ,,..,,, 1 9h to 1zh 1 12h to 15h 

Wt. Val. Wt Val. wt. Val. Wt. Val. Wt. Val. Wt. 

1sh to 21h 1 

Val. Wt. 

43 15 

- 14 9 

1 12 

- z 8 

-29 13 

3 57 

oh to 3b 

23 20 12 11 7 24 20 1 5 LO 10 13 23 

11 17 n 20 43 7 38 19 2d 23 9 16 

- 20 2 11 7 10 6 13 1 0 - 28 5 9 15 

- 69 6 -13 19 - ld 19 -2u 5 - 7 17 - 3ti 5 

- 60 11 - 44 lu - 67 13 - 25 15 - 37 4 24 8 

1 
- 8 55 

1 
- 1 67 

1 
- lu 69 

1 
lü 65 

1 
7 60 

1 
8 66 

TABLE X. Mean Error of a Single Observation in Right Ascension, FK3 Stars 

Unit~ 001, Weight - Number of Stars 

Val. 

l 3h to sh I sh to 9h 1 ,, "' '" I ,,. "' "î ,., ,o "ï ,., ,o ", 1 
Wt. Val. Wt. Val. wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

24 9 31 6 22 9 22 lv 26 7 24 7 29 5 

19 7 25 5 25 5 20 4 22 8 17 7 18 9 

24 3 19 4 16 2 21 4 17 3 23 3 18 4 

15 3 15 4 24 2 21 4 21 3 16 3 19 4 

18 7 18 5 19 5 19 4 17 8 21 7 20 9 

20 9 19 6 24 9 19 10 17 7 19 7 18 5 

19 10 24 9 15 5 20 8 17 8 21 11 22 9 

17 11 23 17 17 14 15 12 16 12 22 15 18 9 

20 12 23 12 20 li 18 15 17 14 19 13 15 13 

24 16 19 16 lR J9 15 10 19 12 21 15 20 14 

22 14 21 15 19 14 19 14 18 13 18 14 23 16 

21 20 26 17 21 14 19 16 19 13 27 16 25 14 

24 12 24 22 23 14 22 16 21 16 31 1 3 24 20 

28 5 0 0 23 4 18 4 31 6 31 4 34 2 

21 138 
1 

23 138 
1 

20 127 
1 

19 131 
1 

19 130 
1 

22 135 
1 

21 133 
1 

ù 22 2 142 

- 8 15 -,. 133 

- 7 19 C, 79 

18 6 5 b7 

- b Ul 1 93 

- 4 til 1 
1 534 

21h to 24h Mean 

Val. Wt. Val. Wt. 

3,. ,L 21 us 

19 14 d U6 

0 ld 3 74 

- 3 0 -17 o4 

- 29 16 - 35 90 

7 76 1 ;: 514 

21h to 24h I Mean 

Val. Wt. Val. Wt. 

19 7 .<4 60 

23 1 0 21 55 

21 3 2U 26 

19 3 1 l:l 26 

20 10 19 55 

21 7 Zù 60 

18 8 20 68 

17 12 18 102 

16 14 18 104 

17 14 19 116 

21 12 20 112 

20 17 2.2 1n 

22 18 24 131 

19 4 26 <.9 

2 J 139 
1 

n 1071 



~ Dec:llnation 

60° to 70° 

70° to 80° 

80° to 90° 

80° to 90° 

70° to 80° 

60° to 70° 

so· to 6Cf 

40° to 5Cf' 

30° to 4Cf' 

20° to 3(]' 

1 o· to 20° 

o· to 10° 

1 o· to a· 

20° to -10• 

Mean 

~ Dec:lina tion 

so· to 90° 

70° to sa· 

60° to 70° 

50° to 60° 

40° to sa· 

30° to 40° 

20· to 30° 

10° to 20° 

o· to 1 o• 

-1 0· to o· 
Mean 

1 
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oh to 3h 

TABLE XI. Mean Error of a Single Observation in Declination, FK3 Stars 

Unit '!01, Weight - Number of Stars 

9b to 12h 

Val. 

1 ,,w,, 1 •'w•' 1 

Wt. Val. Wt. Val. Wt. Val. Wt. 

12h to 15h 115h to 18h 118h to 21 h 1 21h to 24h I Mean 

Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

36 9 

38 7 

51 3 

45 3 

33 7 

36 9 

34 10 

38 11 

31 12 

39 16 

33 14 

40 20 

41 12 

45 5 

38 138 
1 

oh to 3h 

Val. Wt. 

- 221 7 

-71 18 

-12 23 

-12 43 

1 56 

4 67 

0 59 

14 93 

18 83 

11 41 

0 490 
1 

37 

42 

46 

48 

35 

41 

34 

32 

34 

31 

31 

40 

41 

0 

37 

6 36 9 48 10 39 7 38 7 

5 47 5 45 4 47 8 44 7 

4 42 2 41 4 4 1 3 45 3 

4 50 2 40 4 35 3 46 3 

5 35 5 27 4 44 8 33 7 

6 38 9 41 10 37 7 36 7 

9 41 5 44 8 40 8 39 11 

17 32 14 36 12 34 12 41 15 

12 35 11 41 15 39 14 39 13 

16 33 19 41 10 39 12 37 15 

15 39 14 39 14 36 13 40 14 

17 37 14 40 16 39 13 40 16 

22 44 14 45 16 41 16 44 13 

0 45 4 42 4 36 6 39 4 

138 
1 

37 127 
1 

41 131 
1 

39 13u 
1 

40 135 

TABLE XII. Differences in Right Ascension (0-AGK2) 

Unit~ 001, Weight - Number of Stars 

42 5 

45 9 

33 4 

36 4 

38 9 

42 5 

31 9 

38 9 

31 13 

37 14 

36 16 

33 14 

45 2ù 

42 L 

38 133 

3h to 6h 1 6h to 9h 9h to 12h 12h to 15h 115h to 1sh 11sh to 21 h 

Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

- 95 14 -150 9 118 3 -64 12 107 7 -254 lù 

-6 18 -1 2 24 -135 21 - 59 26 -93 22 -45 30 

12 34 -20 34 -1 6 45 -19 42 -28 37 -30 36 

-9 46 -30 39 - 21 57 -33 58 -27 47 -7 31l 

- 5 47 -34 55 -26 65 -44 64 -40 59 -25 49 

-8 46 -37 52 -38 59 -27 74 -33 57 -8 50 

-18 46 -28 52 -24 77 -39 7J -30 63 -3 54 

6 74 -19 68 -16 87 -5 8J -6 72 7 51 

19 86 6 49 -12 73 -8 79 6 74 21 56 

- 2 36 -11 39 -4 40 - 9 42 -17 47 6 27 

-2 447 
1 

-24 421 · -24 527 
1 

-26 547 -22 485 
1 

-13 4Ul 

43 7 40 60 

37 lù 43 55 

49 3 43 i6 

42 3 42 26 

4L 10 :J7 55 

48 7 40 60 

42 8 38 68 

37 12 36 102 

39 14 36 104 

41 14 37 116 

37 12 36 112 

::si; 17 3ô 12. 7 

4'.:l 18 43 Lll 

34 4 4J 29 

40 D9 39 1071 

21h to 24h Mean 

Val. Wt. Val. Wt. 

-287 6 -120 68 

-26 22 -55 Hll 

-9 30 -16 281 

-9 35 -19 363 

-1 0 46 -24 441 

-21 54 -n 459 

-3 62 -19 4i;3 

14 66 -1 591 

26 76 10 576 

9 38 -3 310 

1 
-3 4351 -15 3753 
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TABLE XIII. Differences in Right Ascension (0 - AGK2) cos 6 

Unit ~001, Weight - Number of Stars 

~ ohto3h 1 3hto6h 1 5h to 9b 1 9h to 12h 

Declmat10n Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

a> <o "Ï ,o> <o ,.,,, I "' <o ,., I "' m "Ï M= 

Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

sa· to 90° -11 7 - 6 14 

70' to 80° -18 18 - 3 18 

60' to 70' -5 23 5 :l4 

sa· to 60' - 8 43 - 6 46 

40' to sa· 0 56 - 3 47 

30° to 40· 3 67 - 6 46 

20' to 30° 0 59 -17 46 

10' to 20· 14 93 5 74 

a· to 10' 1 7 83 19 A6 

-1 a· to O' 10 4 1 -2 36 

Mean 5 490 l 447 

- 9 9 16 3 - 3 12 - 5 7 

- 4 24 - 38 21 - 15 ,!.6 - 24 Zt'. 

- o 34 -6 45 - b 4L -12 37 

- 17 39 -1 2 57 - 2~ So -16 47 

-,:4 55 -1 9 65 - 31 64 - ,!_9 59 

-3i) 52 - 32 59 - z,: 74 - 27 57 

- 25 52 -a 77 - 36 70 - 2d 63 

-1 8 68 -1 5 b7 - 5 8u -6 7 2 

6 49 -1 2 73 - 8 7 9 5 74 

-12 39 - 4 4V - 9 4,!. - 18 47 

-1 6 421 1 -17 527 1 -17 5 47 1 -16 485 

TABLE XIV. Düference s in Declination (0-AGK2) 

Unit !'01, Weight - Number of Stars 

- 19 10 - .:lO b - 9 t>o 

-10 j.) - 7 ,!_,!_ - 15 101 

-12 .H, - 3 :lv - t, ,01 

- 4 3d - 6 3:> - u 3é3 

- 17 49 - o 4o -1 7 44i 

- 7 50 - 17 54 -17 4::>'1 

- 2 54 - j 6, - 17 4c,j 

6 51 14 60 - 1 :>;,, l 

2. 56 26 7b 9 , 16 

6 n d 3d -j :ilO 

- 2 4ul 1 3 4351 -o 3753 

~ ohto3h 1 3h1osh 1 5h to 9b 1 9h to 12h 1 
12h to 15h 15h to 1sh 1sh to 21 b 1 21h to 24h I Mean 

Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

sa' to 90° 

70' t o 80' 

60' to 70' 

sa· to 60° 

40° to 50' 

30' to 40° 

20· to 30' 

l 0' to 20· 

o' to 10· 

-1 o· to o· 

Mean 

~ Declination 

80° to 90• 

10' to 80' 

60° to 70' 

50' to 60' 

40' to 50' 

30 ' to 40' 

20' to 30' 

1 0' to 2 0· 

0' to 1 O' 

-10· to 0' 

Mean 

39 

6 

6 

2 

5 

15 

- 18 

l0 

- 1 

12 

5 

7 14 14 -14 9 - 80 3 21 l,!_ 17 7 11 lv 

18 - 3 Hl - 5 24 15 21 -7 2 6 3 1 22 L3 3u 

23 - 1 34 - 6 34 - 9 45 l 42 7 37 17 36 

43 - 3 46 - 33 39 - 15 57 - 4 58 l 47 7 38 

56 - 20 47 - 28 55 - 12 65 5 64 7 59 7 49 

67 - 20 46 - 21 52 - 28 59 - 15 74 7 57 - 4 50 

59 - 23 4b -3 4 5<'. - 15 77 - a 7v -1 5 63 -3 3 54 

93 - 3 74 9 68 5 87 12 Sv ,!.6 72 32 51 

83 3 86 - 2 49 -7 73 - 2 7 9 - 4 74 t'.3 56 

41 4 36 5 39 - 2 40 16 42 1 5 47 - 2 27 

490 
1 

- 6 447 
1 

-1 3 421 
1 

- 9 527 
1 

- 2 5 47 
1 

7 485 
1 

7 401 
1 

TABLE XV. Mean Error of a Single Observation in Rigbt Ascension, Program Stars 

Unit ~001, Weight - Number of Stars 

11 " lu 6b 

Lo n 11 Hll 

17 30 3 281 

11 35 - 5 :i63 

13 46 - 3 441 

7 54 -7 <+59 

- 8 o2 - Lv 4o:i 

17 66 u 591 

14 76 j 57b 

13 3d t! :llQ 

11 <+351 û 37:,.> 

oh to 3h 1 3h to sh 5h to 9h 1 9h to 12h 1 12h to 15h 1sh to 1sh 1 1sh to 21 h 21h to 24h I Mean 

Val. Wt. Val. Wt. Val. Wt . Val. Wt. Val. Wt. Val. wt: Val. Wt. Val. Wt . Val. Wt. 

24 7 18 14 22 9 7 3 24 1 2 L 7 17 lv ,5 t, 1:1 6d 

24 18 17 18 18 24 15 21 17 26 16 22 19 3J 17 22 l<> lo l 

17 23 17 :l4 16 34 17 45 <1 42 19 37 17 3& ,5 Jv 19 LOl 

19 43 20 46 18 39 16 57 16 58 18 47 n :lb 2.0 J5 lb 363 

19 56 21 47 16 55 16 l.5 15 64 19 59 21 49 ;_4 46 lo 441 

19 67 17 46 1 l:S ,2 16 59 17 74 15 57 19 ,u t'., :,4 ld 45,i 

2,: ,9 22 46 !7 52 17 77 19 7v 17 6:l 0 54 ,1 bt'. 19 4b:l 

d 93 19 74 20 &<> Zv d7 l<> l:Sv ls 7L ,!_j :,1 ,o 00 ,,. 5~;. 

23 l:S3 24 06 19 49 Lv 7J ,:3 79 19 74 ,2. :>6 ,,: 7e, "' 57.., 

28 41 24 .% 25 39 22 4.J 2.'-1 4<'. 27 47 ,!_"; 2.7 ,o :ld "-0 Jlù 

d 49u 1 21 44 7 1 l~ 4d 1 lb 5,:7 1 19 547 1 1\1 4b~ 1 n 4vl I d 4J::> 1 



~ Declination 

A 0° to 90° 

70° to so· 

60° to 70° 

50• to 00° 

40° to 50° 

30° to 40° 

20· to 30° 

10" to 20" 

o· to 10· 

-10· to Cf 

Mean 
1 

~ 

7ÔL to 6CJ°L 

8CJ°L to 70L 

9ÔL to so•L 

00· to 90° 

70" to sa· 

60° to 10· 

sa· to 60° 

40° to 50° 

30° to 40° 

20° to 30° 

10° to 20° 

o· to 1 o· 

10· to o· 

20· to -10° 
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TABLE XVI. Mean error of a Single Observation ln Decllnation, Program Stars 

Unit '.'01, Weight - Number of Stars 

95 

oh to ah 3h to sh sh to gh ,. " '"' I '"' " "Ï '"'" '"' I '"' " ". I ". " "Ï M= 
VaL Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt . Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

36 7 

30 18 

49 23 

43 43 

40 56 

32 67 

41 59 

42 93 

44 83 

39 41 

40 4901 

6 "'i 

Val. Wt. 

10 60 

5 55 

3 7 26 

1 26 

4 55 

19 60 

-1 68 

-8 102 

-3 104 

1 116 

2 112 

127 

1 131 

-4 29 

31 14 33 9 53 3 43 12 52 7 28 

40 18 39 24 36 21 31 26 38 n 30 

33 34 35 34 36 45 41 42 42 37 39 

39 46 39 39 36 57 31 58 3~ 47 25 

35 47 35 55 35 65 37 é,4 31 59 38 

34 46 37 52 32 59 33 74 38 57 37 

30 46 3o 52 37 77 37 7v 37 63 37 

38 74 35 68 36 87 38 80 42 72 35 

41 86 39 49 39 73 41 79 37 74 43 

33 36 41 39 43 40 41 42 45 47 41 

36 447 37 421 36 527 37 547 38 485 1 36 

TABLE XVII. Catalogue Comparison in Right Ascension (O-FK3R) 

Unit ~001, Weight - Number of Stars 

Ô Œa 

h h h h h 

lù 38 6 37 68 

3v 37 a 35 lt!l 

36 37 30 39 2tl l 

38 42 35 36 363 

49 36 46 36 441 

5~ 31 54 34 459 

54 42. o2 37 4d3 

51 39 66 38 591 

56 47 76 41 570 

27 49 38 42 310 

4Cl 1 40 4351 38 3753 

0 to tt.l 3 to ~:.1 6 to 9 9 to h I h 12 12 to 15 15 to 18 18 to 21 21 to h I h hl h hl h 2i 
Val. Val. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. 

10 9 -24 6 -1 9 5 10 8 7 6 7 -9 5 -10 7 

9 7 -8 5 33 5 8 4 -30 8 -16 7 -1 9 17 1-0 

31 3 - 149 4 -189 2 98 4 10 3 8 3 82 4 34 3 

155 3 -1(,7 4 -163 2 72 4 -27 3 37 3 52 4 ù 3 

26 7 11 5 23 5 36 4 -6 8 -17 7 -33 9 -4 10 

26 9 -4 6 12 9 0 10 -9 7 -3 7 -28 5 -15 7 

- 2 10 -3 9 -4 5 10 8 9 8 -4 11 -1 9 -2 8 

-4 11 -6 17 4 14 11 12. -4 IL -6 15 -1 9 3 u 

- 8 12 -2 12 2 11 3 15 3 14 0 13 4 13 -2 14 

1 16 -4 16 -2 19 -3 lU 6 12 -4 15 6 14 -1 14 

4 14 0 15 -4 14 1 14 1 13 -1 14 5 16 -5 lL 

0 20 1 17 -8 14 -2 16 -4 13 -1 16 9 14 l 17 

-5 12 1 n -2 14 4 16 -4 16 -7 13 4 20 1 18 

9 5 4 0 -1 4 - 5 4 0 6 0 4 -7 2 -1 4 
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li l:,,a 0 cos li 

Val. Wt. 

60° to 65° 6 31 

650 to 70° 10 29 

70° to 75° 0 27 

75° to so 0 1 28 

so 0 to 90° 10 26 

90l to sô'L 12 26 

so°L to 75L -3 28 

75'L to 70L 1 27 

1o°L to 65L -, 29 

65l to 6oL -8 31 

-

li t,, li! 

Val. Wt. 

7ÔL to 6oL 24 60 

8i1L to 7 D°L -8 55 

90L to so°L 16 26 

80° to 90° 7 26 

10• to 80° 3 55 

60° to 70° -1 60 

50° to 60· 11 68 

40° to 50° 7 102 

30° to 40° -1 104 

20• to 30• -2 116 

l o• to 20· 5 112 

o· to l o• -3 127 

-10· to o· -3 131 

-20· to -10· 3 29 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

TABLE XVIII. Catalogue Comparison in Right Ascension (0-FK3R) cos o_ 

Unit ~001, Weight - Number of Stars 

l:,,aa cos o 
oh to ,Ji 1 3h to sh 1 sh to 9h 1 9h to 12h l 12h to 15h 1 15hto 1ah l 1ah to 

Val. Wt . Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. 

12 5 l 4 8 3 0 4 -5 5 -2 2 - 7 

11 4 -6 2 2 6 -1 6 3 2 - 3 5 -ltl 

9 5 -15 l 11 2 14 2 -1 4 - 3 2 - 9 

5 2 6 4 4 3 8 2 - 2 4 -4 5 -7 

4 3 -12 4 -6 2 7 4 -3 3 4 3 5 

-2 3 12 4 7 2 -6 4 -1 3 -2 3 - 5 

-11 2 0 4 0 3 -6 2 2 4 5 5 4 

3 5 21 l -22 2 3 2 13 4 4 2 - 3 

-1 4 15 2 4 6 -5 6 -2 0 2 2 5 -11 

-14 5 -1 4 -20 3 -7 4 -4 5 -27 2 7 

TABLE XIX. Catalogue Comparison in Declination (0-FK3R) 

Unit !'01, Weight - Number of Stars 

t,, lia 

rP to 
3h 1 

3h to 
sh 1 

sh to 
gh 1 

9h to lzh 12hto 15h l 15hto 1ah 1ahto 

Val. Wt. Val. Wt. Val. Wt. Val. Wt Val. Wt. Val. Wt. Val. 

-1 9 18 6 -7 9 2 lU 7 7 -4 7 -1 9 

13 7 10 5 -17 5 -6 4 -5 8 - 2 7 - 4 

1 3 8 4 -5 2 11 4 6 3 -6 3 - 2 

21 3 8 4 -1 7 2 -7 4 4 3 -7 3 - 2 

-2 7 3 5 -8 5 8 4 10 8 -1 7 - 3 

6 9 -21 6 -3 9 -9 lu tl 7 9 7 5 

11 10 5 9 -15 5 -11 8 -5 8 -5 11 5 

-2 11 9 17 2 14 -3 12 -10 12 -3 15 3 

-7 12 9 12 12 11 -1 15 0 14 - 8 13 2 

-2 16 -6 16 11 19 13 10 5 12 -6 15 - 13 

-1 14 5 15 3 14 0 14 2 13 -5 14 ~ 

6 20 4 17 -1 14 3 16 -3 13 -4 16 l 

-2 12 -4 22 -3 14 ù 16 -tl 16 tl 13 3 

-18 5 -3 0 8 4 2 4 7 6 -1 4 7 

21hl 21hto z4h 

Wt. Val. Wt. 

3 -)\, 5 

2 3 L 

5 - 2 6 

4 ~ 4 

4 -1 3 

4 -3 3 

4 - 4 4 

5 - 5 6 

2 12 2 

3 - 7 5 

21h l 21hto z4h 

Wt. Val. Wt. 

5 ù 7 

9 3 10 

4 - 17 3 

4 - 7 3 

9 -2 10 

5 j 7 

9 4 8 

9 l 12 

13 -4 14 

14 - 2 14 

16 -9 li 

14 -b 17 

2;; 1:, l ti 

2 2 4 



Part! 

CATALOGUE OF 3753 AGK3 REFERENCE STARS 

OBSERVED IN THE YEARS 1956 to 1961 

REDUCED WITHOUT PROPER MOTION 

TO THE EQUINOX 1950.0 



EXPLANATION OF THE SEPARATE COLUMNS 

1. The number of the star as provided by F. P. Scott of the U. S. Naval 
Observatory, Washington, D. C. 

2. The B.D. number of the star . This is the same as in the AGK2 . 

3. The magnitude and spectral class as provided by F. P. Scott. 

4 and 7 . The right ascension and declination of the star as determined at Ottawa; 
reduced to the epoch 1950. 0 without proper motion. 

5 and 6, 

8 and 9. The first and second terms of the precession (the same as those published 
in the AGK2). 

10. The number of observations. 

11. Mean epoch of observation. 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B . D. No. M + Sp . R.A. 1950 lat 2nd Decl. 

Term Term 

9 39 5213 7 . 9 F8 0 0 27 . 908 307 . 55 1.33 39 
10 31 5024 8 .6 F8 0 0 31 .697 307 . 52 1.01 31 
14 58 2691 8 . 0 K5 0 0 47.296 308 . 09 2 . 57 58 
21 12 5059 7.9 KO 0 1 8 .4 86 307 .48 .44 13 
24 21 5019 8 . 0 A2 0 1 18.738 307 . 64 .7 0 22 

26 64 1893 7 . 0 MO 0 1 40.226 309 .40 3 . 32 64 
32 0 5084 8 . 4 A5 0 2 12.556 307 . 36 . 13 1 
35 50 4233 7.9 K2 0 2 22 . 299 309 . 03 1.96 50 
39 67 1599 7 . 6 KO 0 2 32 . 202 310 . 91 3.80 67 
45 - 4 6019 7.7 KO 0 2 51 .753 307 . 21 -. 01 - 4 

47 52 3598 7.3 KO 0 2 59.425 309 . 63 2 .1 0 52 
48 P.7 220 8 . 9 KO 0 3 3 . 513 350 . 30 45.90 87 
51 23 4853 6 . 6 K5 0 3 22 . 224 308 . 21 .78 24 
52 15 4937 7.5 G5 0 3 26 . 900 307 .91 .54 16 
54 8 5172 7 . 8 F5 0 3 34 . 004 307 .67 . 35 9 

55 - 0 4619 8 . 2 G5 0 3 34 . 272 307 . 32 .1 0 - 0 
57 - 2 6099 8 . o K2 0 3 44.995 307 .27 • 06 - 1 
58 42 4834 8 . 9 F8 0 3 58 .742 309 .5 3 1.54 43 
59 69 1383 8 . 5 KO 0 4 2 . 016- 313 . 75 4. 35 69 
60 32 4771 8 . 5 KO 0 4 3 . 574 308 . 89 1.10 33 

64 22 4955 8 . 0 FO 0 4 27 .4 87 308 .41 • 73 22 
69 45 4418 7 . 7 KO 0 4 35 .444 310 .14 1.70 46 
71 19 5210 8 . 2 KO 0 4 40 . 038 308 .33 • 66 20 
74 16 1 8 . 6 KO 0 4 54 . 916 308 . 20 . 57 17 
80 41 2 8 .4 G5 0 5 38 . 999 310 . 29 1 .47 41 

86 13 3 7.5 KO 0 6 11 . 531 308 . 22 • 48 13 
90 - 0 6 7.6 K2 0 6 18.444 307 . 36 • 12 0 

105 59 4 7 . 9 KO 0 7 35 .797 314 . 92 2 . 80 59 
111 11 10 8 . 0 G5 0 8 4 . 647 308 . 38 • 45 12 
117 31 8 7 . 5 M5 0 8 11 . 677 310 . 31 1.06 3 1 

122 9 12 8 . 4 KO 0 8 40 . 427 308 . 25 . 39 10 
130 - 1 9 8 . 4 FO 0 9 25 . 519 307 . 28 • 11 - 0 
136 21 10 7 . 6 MO 0 9 40 . 751 309 . 64 . 74 22 
142 56 19 7 . 5 K2 0 10 6 . 284 316 . 38 2 . 55 56 
146 28 19 8 . 6 KO 0 10 23 . 981 310 .7 0 . 97 29 

149 ,6 13 7 . 8 KO 0 10 28 . 234 311 . 95 1.28 37 
151 20 12 8 . 3 G5 0 10 ,7 . 003 309 .7 2 . 71 21 
157 42 30 7 . 2 KO 0 11 1.49 0 313 .2 5 1.55 42 
166 - 4 12 7.5 KO 0 11 27 . 630 306 . 84 • 02 - 4 
170 75 5 8 . 0 G5 0 11 33 . 728 333 . 85 7.00 75 

175 - 3 18 7 . 3 KO 0 11 50 . 879 30 7.03 . 06 - 2 
182 32 26 7 . 3 KO 0 12 30 .4 43 312 . 02 1 . 12 32 
195 37 32 a. a G5 0 13 21 . 256 313 . 51 1.36 38 
199 P.O 3 8 .7 KO 0 13 48 . 959 360 . 47 13 . 36 81 
200 15 30 8 . 2 A5 0 13 59 . 582 309 . 60 . 55 15 

204 45 48 7 . 3 G5 0 14 13 . 243 316 . 01 1 . 78 46 
207 47 49 9 . 0 KO 0 14 28 . 390 316 . 79 1 . 91 48 
208 30 31 7.5 K5 0 14 29 . 212 312 . 36 1 . 05 30 
209 9 23 8 . 4 K2 0 14 30 . 441 308 . 85 . 40 10 
217 43 45 7 . 3 KO 0 15 14 . 178 315 . 99 1 . 67 44 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (?Ad term) + T' (P . M.) 

T in centuries from 1900. 0 , T' in centuries from epoch. 
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52 
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53 
36 
17 
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30 
53 
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33 
28 
16 

1 
56 

51 
24 
44 
32 
57 

21 
30 
16 
56 

6 

8 
7 

40 
11 
44 

28 
45 
28 
23 
33 

20 
17 
47 
13 
18 

Precession 
1950 lat 2nd 

Term Term 

1.41 2004 . 3 -. 5 
30 . 26 2004 . 3 -. 5 

1.33 2004 . 2 -. 5 
13.03 2004.2 -. 5 

3 . 92 2004 . 2 -. 6 

28 . 85 2004 . 2 -. 6 
31 . 68 2004 . 2 -. 6 

8 . 36 2004 . 2 -.7 
42.49 2004 .1 -.7 
46.71 2004 .1 -.7 

36 . 35 2004 .1 -.7 
39 . 91 2004 .1 -. 8 
27 . 88 2004 .1 -. 8 
25 . 67 2004 . 0 -. 8 
12.64 2004 . 0 -. 8 

24 . 55 2004 . 0 -. 8 
57 . 66 2004 . 0 -. 8 
15.29 2004 . 0 -. 8 
28 . 54 200'.:l . 9 -.8 
33 . 99 2003 . 9 -. 8 

59.09 2003 . 9 -. 9 
44.07 2003 . 9 -. 9 
38.24 2003 . 8 -.9 
28 . 31 2003 . 8 -. 9 
43.48 2003 . 6 -1. 0 

50.82 2003 . 5 -1.0 
50 . 98 2003 . 5 -1.1 
52 . 29 2003 . 2 -1.2 
32 .43 2003 . 0 -1.2 
52 . 20 2003 . 0 -1.2 

28 . 18 2002 . 8 -1.3 
27 . 60 2002 . 6 - 1 . 3 
42 . 39 2002 . 5 -1.4 
58 . 80 2002 . 3 -1.4 
52 . 84 2002 . 2 -1.5 

27 . 18 2002 . 2 -1.5 
38 . 27 2002 .1 -1.5 
17.48 2001 . 9 -1.5 
11.46 2001 . 8 -1.5 
40 . 26 2001 .7 -1 . 7 

32 . 46 2001 . 6 -1.6 
10 . 51 200 1.3 -1.7 
52 . 97 2000 . 9 -1 . 8 
10 . 51 2000 . 6 -2.0 
33 . 53 2000 . 5 - 1 . 8 

13 . 33 2000 . 4 -1.9 
14 . 30 2000.3 -1.9 
48 . 05 2000 . 3 -1.9 
28 . 24 2000 . 2 -1.8 

1.18 1999 . 8 -2.0 

99 

No. Epoch 
Obs. 1900+ 

2 57 . 67 
2 57 . 69 
2 57 . 27 
2 57 . 25 
2 58 . 22 

2 58 . 23 
2 58 . 85 
2 57.21 
2 58 . 76 
2 58 . 86 

2 57.77 
2 58 . 24 
2 57 . 69 
2 57 . 28 
2 58 . 36 

3 58.38 
2 59 . 32 
4 59 . 99 
2 58 .75 
2 57 .75 

2 59.34 
4 59.75 
2 58 .7 8 
3 58 .43 
3 59.75 

2 57.23 
2 58.30 
2 57.74 
2 57 .7 9 
2 57 . 29 

2 57 . 69 
2 58 . 75 
2 58 . 34 
2 58 . 30 
2 57 . 75 

2 57 . 83 
2 58 . 15 
2 57 . 79 
2 58 . 22 
2 58 . 21 

2 58 . 34 
2 57 . 22 
2 58.22 
2 58 . 74 
2 57 . 69 

2 57.24 
2 58 . 25 
2 57.75 
3 59 . 76 
3 57.83 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

220 33 24 8 . 5 F2 0 15 19 . 799 313.42 1 . 19 34 
224 18 27 8 . 5 GO 0 15 43 . 001 310.50 . 67 19 
227 20 22 8 . 6 F2 0 15 51 . 442 310.91 . 73 21 
229 35 46 7 . 5 K2 0 15 58 . 919 314.02 1 . 25 35 
232 51 40 7.5 KO 0 16 15 . 992 319.41 2 . 18 51 

239 - 0 42 7 . 9 GO 0 16 4 2 . 799 307 . 37 . 15 0 
241 8 31 8 . 4 A5 0 16 47 . 766 308 . 84 • 37 8 
246 49 49 8 . 5 KO 0 17 8 . 970 319 . 43 2 . 09 50 
248 54 37 7 . 6 K2 0 17 11 . 429 321 . 86 2 . 50 55 
250 38 31 8 . 1 KO 0 17 17 . 159 315 . 56 1 . 42 39 

259 2 37 7 . 7 MO 0 17 35 . 479 307 . 82 . 22 2 
261 3 34 7 . 9 G5 0 17 47 . 476 308.14 . 26 4 
266 10 31 6 . 8 KO 0 17 55 . 465 309 . 29 • 43 10 
271 - 1 31 8 . 7 A5 0 18 16 . 148 307 . 11 . 11 - 1 
276 77 6 8 . 8 F2 0 18 40 . 077 359 . 38 9 . 67 7 8 

288 6 30 8 . 6 K2 0 19 25 . 260 308 . 66 . 32 6 
291 32 53 s . s MO 0 19 41 . 991 314 . 72 1 . 15 32 
303 11 51 7 . 4 KO 0 20 52 . 295 309 . 81 . 4 6 11 
307 36 47 8 . 6 FO 0 21 7 . 09'+ 316 . 47 1 . 32 36 
312 2 44 s . o KO 0 21 22 . 881 308 . 08 . 24 3 

319 15 56 7 . 6 F5 0 22 2 . 560 311 . 04 • 59 16 
321 19 57 7 . 7 KO 0 22 8 . 569 311 . 97 .71 19 
327 34 51 7 . 3 K5 0 22 39 . 142 316 . 48 1. 25 34 
328 8 45 8 . 7 KO 0 22 44 ., 3V2 309 . 37 • 39 8 
337 54 59 7 . 2 KO 0 23 22 . 149 326 . 91 2 . 57 55 

343 50 72 s . o GO 0 23 36 . 669 324 . 30 2 . 19 5 1 
344 0 54 8 . 4 KO 0 23 38 . 217 307 . 54 . 18 0 
345 31 52 s . 2 K2 0 23 38 . 717 315.92 1. 14 31 
350 46 78 s . o K2 0 23 58 . 670 322 . T9 1. 89 46 
352 9 44 8 . 4 K5 0 24 18 . 258 309 . 79 . 42 9 

357 37 68 8 . 0 KO 0 24 28 . 120 318.65 1. 43 38 
359 30 60 8 . 2 G5 0 24 45 . 162 315.85 1 . 09 30 
360 2 54 7 . 2 G5 0 24' 46 . 168 307 . 96 . 23 2 
363 13 52 8 . 3 K2 0 24 55 . 748 310 . 98 • 55 14 
364 21 46 7 . 7 KO 0 25 5 . 722 313 . 17 . 78 21 

367 3 48 8 . 3 K2 0 25 9 . 060 308 . 44 . 28 4 
370 41 67 8 . 1 G5 0 25 33 . 603 320 . 67 1 . 62 41 
373 6 54 8 . 6 KO 0 25 56 . 177 309 . 13 . 34 6 
374 32 69 s . o KO 0 25 57 . 844 317.27 1. 20 33 
376 47 113 6 . 9 MO 0 26 14 . 236 324 . 36 2 . 00 48 

379 10 54 7 . 7 FO 0 26 33 . 253 310.34 . 46 11 
392 44 101 8 . 5 G5 0 27 12 . 169 323.00 1 . 79 44 
403 17 61 8 . 1 KO 0 28 o . 314 312 . 47 . 65 17 
408 49 108 7 . 3 KO 0 28 18 . 381 326.93 2 . 16 49 
418 18 67 6 . 9 K5 0 29 17 . 956 313.31 . 72 19 

436 36 82 8 . 1 KO 0 30 37 . 403 320 . 70 1 . 39 36 
437 - 4 59 7 . 4 KO 0 30 38 . 213 306.04 . os - 4 
447 - 3 64 8 . 5 FO 0 31 4 . 870 306 . 38 . 10 - 3 
453 2 67 7 . 6 G5 0 31 19 . 980 308 . 30 . 26 3 
458 68 34 8 . 6 KO 0 31 37 . 986 355.62 5 . 28 69 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M. ) . 

T in c enturies from 1900. 0, T' in centuries from epoch. 
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4 8 
21 
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2 
43 
32 
58 
22 

54 
7 
0 
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1950 

53 . 83 
37 . 19 

1 . 16 
45 . 16 
43 . 69 

35 . 19 
59 . 51 
21 . 43 
13 . 08 
56 . 89 

22 . 06 
6 . 00 

26 . 35 
54 . 22 

9 . 28 

3 . 40 
28 . 41 
33 . 03 
27 .1 8 

2 . 54 

51 . 54 
38 . 91 
37 . 92 
28 . 86 
51 . 43 

14 . 12 
15 . 42 
11 . 10 
26 . 45 
20 . 0 1 

6 . 61 
1 . 52 

15 . 29 
56 . 85 

8 . 89 

51 . 69 
3 . 13 

50 . 13 
27 . 66 
14 . 68 

38 . 19 
50 . 87 
13 . 17 
40 . 95 

0 . 88 

25 . 81 
24 . 71 
38 . 29 
39 . 76 
33 . 71 

Precess ion 

1st 2nd. No. Epoch 

Term Term Obs. 1900+ 

1999 . 8 - 2 . 0 2 58 . 22 
1999 . 6 - 2 . 0 2 58 . 28 
1999 . 5 - 2 . 0 2 59 . 35 
1999 . 4 - 2 . 0 2 58 . 31 
1999 . 2 -2 . 1 2 57 . 69 

1998 . 9 - 2 . 1 2 58 . 22 
1998 . 9 - 2 . 1 2 57 . 75 
1998 . 6 - 2 . 2 2 59 . 35 
1998 . 6 - 2 . 2 4 59 . 77 
1998 . 6 - 2 . 2 3 57 . 82 

1998 .4 - 2 . 2 2 58 . 43 
1998 . 2 - 2 . 2 4 59 . 53 
1998 .1 - 2 . 2 2 58 . 86 
1997 . 9 - 2 . 2 2 59 . 91 
1997 . 6 - 2 . 6 2 58 .1 5 

1997 . 1 - 2 . 3 3 57 . 43 
1996 . 9 - 2 . 4 2 57 . 68 
1996 . 0 - 2 . 5 2 57. 27 
1995 . 8 - 2 . 5 2 57.7 0 
1995 . 5 - 2 . 5 2 57 . 28 

1995 . 0 - 2 . 6 3 57 . 07 
1994 . 9 - 2 . 6 4 58 . 30 
1994 . 5 - 2 . 7 2 5 7. 76 
1994 . 4 - 2 . 7 2 57 . 7 5 
1993 . 8 - 2 . 9 2 57 . 75 

1993 . 6 - 2 . 9 2 58 . 2 1 
1993 . 6 - 2 . 1 2 58 . 27 
1993 . 6 - 2 . 8 2 58 . 88 
1993 . 3 - 2 . 9 3 58 . 11 
1993 . 0 - 2 . 8 2 58 . 24 

1992 . 8 -2 . 9 2 57 . 75 
1992 . 6 - 2 . 9 2 57 . 29 
1992 . 5 - 2 . 9 2 57 . 79 
1992 . 4 - 2 . 9 2 57 . 67 
1992 . 3 -2 . 9 2 58 . 89 

1992 . 2 - 2 . 9 2 58 . 43 
1991 . 8 - 3 . 0 2 58 . 24 
1991 . 4 - 3 . 0 2 57 . 74 
1991 . 4 - 3 . 0 2 58 . 23 
199 1. 1 - 3 . 1 2 58 . 88 

1990 . 8 - 3 . 0 2 58 . 27 
1990 . 2 -3 . 2 2 58 . 29 
1989 . 3 -3 . 2 2 57 . 20 
1989 . 0 - 3 . 4 4 58 . 00 
1987 . 9 - 3 . 4 3 57 . 40 

1986 . 4 -3 . 5 2 57 . 67 
1986 . 4 -3 . 4 2 57 . 79 
1985 . 9 - 3 . 4 2 57 . 67 
1985 . 6 -3 . 5 2 57 . 28 
1985 . 2 -4 . 0 2 58 . 15 
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Precessioo Precessioo 
No. B.D. No. Il+ Sp. B.A. 1950 ll!t 2nd Decl. 1950 1st 2ad 

No. Epoch 

Term Term Term Term Obs. 1900+ 

460 0 77 8.4 KO 0 31 49.976 307.56 .20 0 43 37.72 19a5.o -3.5 2 57.75 
464 22 86 8.5 F2 0 32 17.343 315.15 .83 22 37 39.24 1984.4 -3.6 2 58.24 
469 61 125 8.0 G5 ù 32 29.890 342.24 3.53 61 35 22.01 1984.1 -3.9 2 57.30 
471 67 56 7.1 K2 0 32 39.091 353.47 4.85 67 39 2.84 1984.0 -4.1 3 57.47 
475 71 25 8.4 K5 0 32 54.587 366.97 6.57 72 13 26.00 1983.6 -4.3 2 58.74 

478 28 96 8.1 G5 0 33 13.085 317.95 1.05 -28 49 29.60 1983.2 -3.8 2 57.67 
482 6 75 8.4 A2 0 33 22.111 309.82 .38 7 20 2.59 1983.1 -3.7 4 58.78 
483 37 98 7.0 K5 0 33 24.897 322.48 1.46 37 58 37.32 1983.0 -3.8 2 58.28 
484 56 91 7.1 K2 0 33 25.345 337.26 2.90 57 1 58.00 1983.0 -4.0 2 58.30 
503 - 4 64 8.2 KO 0 34 23.625 306.05 • 10 - 3 40 31.20 1981.7 -3.8 2 57.24 

509 44 128 a.a MO 0 34 53.262 327.83 1.87 45 19 45.98 1981.1 -4.1 2 57.22 
516 21 77 8.6 G5 0 35 22.623 315.72 .83 22 13 16.88 1980.4 -4.0 2 57.74 
517 1 108 7.7 KO 0 35 26.243 308.22 .26 2 29 20.00 1980.3 -3.9 2 57.76 
518 5 81 a.a K2 0 35 26.456 309.34 • 34 5 34 21.66 1980.3 -3.9 2 57.68 
519 - 1 75 6.9 KO 0 35 31.022 307.05 .17 - 0 46 40.97 1980.2 -3.9 2 57.69 

528 33 89 7.9 K5 0 36 18. 268 321.57 1.28 34 2 39.10 1979.2 -4.1 2 57.24 
531 7 86 8 0 5 KO 0 36 22.247 310.16 .40 7 38 26.87 1979.1 -4.0 2 57.76 
537 31 89 8.2 K5 0 36 48.757 320.87 1.21 32 21 18.95 1978.5 -4.2 2 57.69 
543 15 100 7.6 G5 0 37 39. 716, 313.41 • 62 15 33 1.33 1977.3 -4.2 2 58.15 
549 3 86 8.0 G5 0 38 15.331 308.97 • 31 4 12 15.49 1976.4 -4.2 2 57.69 

550 20 90 1.0 KO 0 38 21.024 315.76 .79 20 44 47.10 1976.3 -4.3 3 58.07 
556 18 93 8.5 A5 0 38 38.604 315.10 .74 19 7 35.89 1975.8 -4.3 2 58.20 
567 11 86 8.2 KO 0 39 32.35v 312.07 .52 11 40 16.92 1974.5 -4.3 2 57.76 
568 57 130 B.l GO 0 39 33.680 344.48 3.15 58 17 46.81 1974.5 -4.7 2 57.24 
570 43 135 7.2 KO 0 39 36.695 329.26 1.81 43 39 50.11 1974.4 -4.5 2 58.30 

575 22 106 B.2 KO 0 39 43. 811 316.90 .85 22 33 31.54 1974.2 -4.4 2 57.69 
589 34 108 7.9 KO 0 40 27.794 323 .81 1.33 35 4 44.91 1973.l -4.6 2 57.68 
597 24 104 8.2 G5 0 41 1.378 318.23 .93 24 36 60.22 1972.2 -4.5 2 57.28 
601 48 219 1.2 KO 0 41 11.409 334.61 2.17 48 47 48.72 1972.0 -4.8 2 58.27 
605 17 93 8.3 K2 0 41 30.177 314.99 .10 17 39 21.6.9 1971.5 -4.6 4 59.06 

612 41 123 8.4 G5 0 42 2 .664 329 .45 1.73 42 13 25.28 1970.6 -4.8 2 57.31 
619 14 105 8.1 FO 0 42 41.038 313 .91 • 62 14 53 33.94 1969.6 -4.7 2 57.24 
623 7 104 a.a G5 0 43 4.863 310 .65 .41 7 34 18.32 1969.0 -4.7 2 57.22 
632 30 114 7.5 G5 0 43 45.601 322 .37 1.17 30 40 44.03 1967.B -4.9 3 58.37 
635 38 108 8.3 K5 0 4 3 53.276 328 .18 1.57 39 20 56.16 1967.6 -5.0 2 57.76 

637 45 199 7.3 G5 0 44 4.331 333.86 1.99 46 5 28.92 1967.3 -5.1 2 57.29 
644 50 141 7.5 K2 0 44 34.533 339 . 02 2.38 50 49 24-37 196605 -5.2 2 58.27 
646 10 89 7.6 G5 0 44 52.976 312 .56 .52 11 22 10.58 1965.9 -4.9 2 57.79 
649 - 3 99 7.2 K5 0 45 3 .684 306 .14 .15 - 2 35 40.73 1965.6 -4.8 2 58.39 
654 20 106 7.9 KO 0 45 16.691 317 .26 .81 20 45 5.79 1965.3 -5.0 2 58 .8 7 

656 60 107 7.9 G5 0 45 23.948 355 .38 3.72 61 18 43.38 1965.1 -5.5 2 58.24 
659 18 106 8.6 K2 0 45 29.613 316 .51 • 76 19 12 39 .81 1964.9 -5.0 2 59 . 36 
660 - 4 95 B.2 KO 0 45 30 .971 305 .49 • 12 - 3 59 4.34 1964.9 -4.8 2 59.37 
669 57 151 7.9 K7 0 46 2.171 349 .56 3.17 57 44 6.11 1964.0 -5.5 2 58.24 
676 12 95 8 .2 K5 0 46 20.041 313 .33 .56 12 36 26 .5 2 1963.4 -5.0 2 59.27 

685 5 109 7 .6 K2 0 47 4 . 663 310 . 26 .38 6 8 6.17 1962.1 -5.0 3 57 . 79 
691 14 121 8 . 1 AO 0 47 49.816 314 .85 .64 15 12 44 .45 1960.8 -5.2 2 57.74 
694 9 97 8 .6 A2 0 47 56 . 975 312 .29 .49 10 8 22 . 68 1960.6 -5.1 4 58.85 
711 48 257 7.4 K2 0 48 59.633 339 .61 2 . 24 48 42 44 . 00 1958.6 -5.7 2 57.22 
713 70 57 B.l G5 0 49 1.197 391 .44 6 . 91 71 22 0.44 1958.6 -6. 5 2 57.23 

Position 1950 + T = Position 1~ + T (1st term) + T 2 (2111d term) + 'I' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 
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Precession 

No . B.D. No. M + Sp . R.A. 1950 1st 2nd Decl. 

Term Te rm 

718 15 126 7 . 9 G5 0 49 13 . 042 315 . 73 . 68 16 
721 84 14 8 . 1 Gtl 0 49 26 . 731 665 . 41 60 . 95 85 
729 29 145 8 . 1 K2 0 49 59 . 410 324 . 25 1 . 17 30 
733 36 145 8 . 5 MO 0 50 9 . 382 328 . 93 1 . 46 36 
747 1 158 8 . 6 GO 0 51 4 . 547 308 . 17 . 27 1 

751 10 105 8 . 4 KO 0 51 13 . 639 313 . 00 . 52 10 
761 41 163 8 . 0 A3 0 52 22 . 324 334 . 56 1 . 77 41 
763 12 108 8 . 0 KO 0 52 23 . 464 314 . 08 • 5 7 1 2 
765 0 142 8 . 4 G5 0 52 27 . 475 307 . 60 . 25 0 
767 35 167 8 . 6 K5 0 52 32 . 053 329 . 21 1 . 43 35 

775 3 127 8 . 6 K2 0 53 13 . 277 309 . 61 . 35 4 
776 69 54 8 . 6 A2 0 53 19 . 139 392 . 82 6 . 50 70 
778 58 136 8 . 1 KO 0 53 22 . 945 358 . 21 3 . 42 58 
784 59 145 8 . 6 G5 0 53 41 . 683 360 . 68 3 . 59 59 
790 13 130 8 . 4 K5 0 54 4 . 573 315 . 41 . 63 14 

791 16 90 8 . 2 A5 0 54 6 . 137 317 . 15 • 72 17 
792 9 109 8 . 7 K5 0 54 7 . 202 312 . 78 . 50 9 
802 11 120 8 . 2 K2 0 54 44 . 332 314 . 14 . 57 u 
803 52 213 7 . 8 K2 0 54 48 . 245 349 . 80 2 . 72 53 
808 5 129 8 . 6 K5 0 55 18 . 638° 310 . 46 . 39 5 

817 26 161 7 . 2 K2 0 55 46 . 474 323 . 39 1 . 0 4 26 
820 21 126 8 . 8 KO 0 55 52 . 996 320 . 46 • 88 22 
821 15 144 7 . 6 KO 0 55 53 . 194 316 . 60 • 68 16 
823 73 47 8 . 1 KO 0 55 59 . 38J 417 . 98 8 . 75 73 
833 40 199 8 . 5 AO 0 56 35 . 913 335 . 40 1 . 71 40 

840 1 185 7 . 8 K2 0 57 31 . 188 308 . 70 . 31 2 
851 - 1 131 8 . 6 K2 0 58 16 .1 76 306 . 57 . 22 - 1 
8 58 7 146 8 . 2 G5 0 58 35 . 648 311 . 93 . 46 7 
860 10 115 8 . 1 G5 0 5K 36 . ti29 313 . 85 . 54 10 
872 29 168 8 . 5 G5 0 59 29 . 196 327 . 04 1 . 19 29 

880 32 177 8 . 0 K5 1 0 11 . 662 329 . 90 1 . 33 33 
883 12 126 7 . 8 KO 1 0 28 . 458 315 . n . 60 12 
892 52 248 8 . 8 KO 1 1 2 . 393 353 . 32 2 . 10 52 
894 36 187 7 . 8 G5 1 1 12 . 961 333 . 49 1. 50 36 
896 37 199 7 . 0 MO 1 1 16 . 435 335 . 33 1 . 60 38 

902 - 0 163 8 . 3 K5 1 1 43 . 664 307 . 54 . 27 0 
905 8 166 8 . 1 KO 1 2 1 . 624 313 . 19 . 50 9 
918 5 144 tl . 2 MO 1 2 55 . 356 311.01 • 41 5 
946 4 182 8 . 4 K2 1 4 38 . 673 310 . 41 . 39 4 
947 33 169 7 . 9 K5 1 4 38 . 839 332 . 16 1 . 37 33 

956 59 188 7 . 9 G5 1 5 1 0 . 2ÜJ 371 . 91 3 . 76 59 
964 25 170 8 . 9 KO 1 5 39 . 121 325 . 45 1 . 03 25 
967 9 132 6 . 6 MO 1 5 44 . 77 7 313 . 75 . 52 9 
978 39 26ti 8 , 8 KZ 1 6 2U , 153 339 . 49 1 , 72 4ù 
989 30 177 8 , 7 G5 1 7 16 , 989 330 . 29 1 , 24 30 

997 48 355 7 , 2 K2 1 7 55 , 581 352 . u6 2 . 38 48 
999 5 150 8 , 8 K2 1 7 58 . 285 311 . 77 , 44 6 

1007 13 175 7 , 9 KO 1 8 37 . 329 317 . 47 . 67 14 
1008 20 171 8 , 6 K5 1 8 38 , 837 322 , 81 . 89 21 
1015 - 1 156 8 , 0 G5 1 9 17 , 617 306 , !:!3 , 26 - 0 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T ' (P . M.) . 

Tin centuries from 1900. 0, T' in centuries from epoch. 

26 
25 
20 
40 
38 

51 
58 
34 
31 
46 

14 
10 
46 
49 
30 

27 
53 

9 
18 
36 

30 
9 
2 

43 
40 

21 
17 
45 
54 
53 

3 
46 
35 
33 
25 

20 
19 
48 
44 
43 

52 
38 
3ti 

8 
42 

53 
29 
25 
26 
42 

1950 

41 . 46 
55 . 20 

1 . 68 
24 . 47 
18 . 93 

5 . 80 
47 . 70 
36 . 64 
10 . 08 
52 . 48 

27 . 66 
59 . 49 
48 . 03 
40 . 38 
20 . 59 

21 . 61 
44 . 26 
35 . 96 
32 . 44 

6 . 68 

58 . 19 
2 . 00 

38 . 16 
6 . 30 

22 . 05 

50 . 02 
27 . 71 
55 . 09 
42 . 97 
39 . 88 

18 . 34 
49 . 9ti 
55 . 40 
54 . 81 
14 . 65 

50 . 77 
6 . 67 

11 . tl5 
19 . 59 
45 .1 7 

11 . 19 
29 . 98 
29 . 69 
n . 08 
21 . 53 

54 , 40 
6 , 33 

35 . 38 
23 , 89 
38 , 15 

Preces s ion 

1st 2nd 
No. Epoch 

Te rm Te rm Obs. 1900+ 

1958 . 2 - 5 . 3 3 57 . 10 
1957 . 8 - 10 . 8 3 58 . 40 
1956 . 8 - 5 . 5 2 57 . 30 
1956 . 5 - 5 . 6 2 58 . 81 
1954 . 7 - 5 . 4 4 5 7. 52 

1954 . 4 - 5 . 5 2 57 . 79 
1952 . 2 - 5 . 9 2 57 . 23 
1952 . 1 - 5 . 6 2 57 . 40 
1952 . 0 - 5 . 5 2 58 . 24 
195 1. 8 - 5 . 9 2 58 . 28 

1950 . 5 - 5 . 6 3 57 . 48 
1950 . 3 - 7 . 0 2 58 . 82 
1950 . 1 - 6 . 4 2 5 7. 79 
1949 . 5 - 6 . 5 2 57 . 28 
1948 . 7 - 5 . 8 2 58 . 24 

1948 . 7 - 5 . 8 4 58 . 84 
1948 . 6 - 5 . 7 2 57 . 75 
1947 . 4 - 5 . 8 2 57 . 68 
1947 . 2 - 6 . 5 4 5 8 . 03 
1946 . 2 - 5 . 8 2 58 . 85 

1945 . 2 - 6 . l 2 5 7. 79 
1945 . 0 - 6 . 1 2 58 . 27 
1945 . 0 - 6 . 0 2 58 . 81 
1944 . 7 - 7 . 8 2 58 . 21 
1943 . 4 - 6 . 4 2 5 7. 68 

1941 . 5 - 6 . 0 2 57 . 29 
1939 . 8 - 6 .1 2 60 . 35 
1939 . 1 - 6 . 2 2 58 . 32 
1939 . 1 - 6 . 2 2 5 7. 22 
1937 . 1 - 6 . 5 2 58 . 21 

1935 . 5 - 6 . 7 2 57 . 78 
1934 . 9 - 6 . 4 2 57 . 67 
1933 . 6 - 1 . 2 4 59 . 48 
1933 . 2 - 6 . 8 4 59 . 80 
1933 . 1 - 6 . 9 2 58 . 29 

1932 . 0 - 6 . 4 2 58 . 31 
1931 . 3 - 6 . 5 3 57 . 41 
1929 . 2 - 6 . 6 2 57 . 21 
1925 . 1 - 6 . 7 2 58 . 22 
1925 . 0 - 7 , 1 3 57 . 46 

1923 . tl - tl . J 2 58 . 31 
1922 . 6 - 7 . 1 2 57 . 73 
1922 . 4 - 6 . 9 2 5ti • 31 
1920 , 9 - 7 , 5 .è. 57 , 7tl 
1918 , 5 -7 . 4 2 5 ti , 2.è. 

1916 , 9 - 7 . 9 2 58 , 23 
1916 , 8 - 7 . 0 2 59 . 00 
1915 . 1 - 7 . 2 2 58 . 4j 
1915 , 0 - 7 . 3 2 58 . 87 
1913 , 3 - 7.i 2 58 , 90 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

1020 52 279 8 . 1 KO 1 9 49 . 958 361 . 11 2 . 85 53 
1022 56 221 8 . 3 KO 1 9 54 . 442 368 . 92 3 . 33 56 
1025 62 224 7 . 4 KO 1 10 3 . 895 384 . 79 4 . 39 62 
1039 24 190 7 . 6 K2 1 10 49 . 819 326 . 06 1 . 0 1 24 
1047 8 187 8 . 0 G5 1 11 4 . 858 313 . 57 . 51 8 

1049 70 87 7 . 7 KO 1 11 5 . 4u3 424 . 69 7 . 47 70 
1056 - 2 184 8 . 4 F5 1 11 31 . 727 305 . 62 . 22 - 2 
1059 18 163 7 . 9 G5 1 11 43 . 820 321 . 38 .81 18 
1065 59 220 7 . 7 KO 1 12 20 . 551 379 .92 3 . 93 60 
1075 6 185 a . o K2 1 12 57 . 041 312 . 23 • 46 6 

1077 49 335 7 . 5 K5 1 13 4 . 76u 356 . 60 2 . 47 49 
1079 80 34 7 . 6 G5 1 13 13 . 825 581 . 54 26 . 0 1 81 
1083 12 155 8 . 7 Kü 1 13 31 . 793 317 . /+2 • 65 13 
1103 43 262 6 . 5 K5 1 14 46 . 519 349 . 22 2 . 04 44 
1111 76 39 7 . 2 K2 1 15 4 . 590 486 . 89 13 . 05 76 

1114 0 215 8 . 0 A5 1 15 8 . 397 307.99 . 31 0 
1122 39 301 7 . 1 G5 1 16 0 . 915 343 . 45 1 . 74 39 
1125 21 173 8 . 8 KO 1 16 13 . 994 325 . 08 . 93 22 
1130 6 195 8 . 0 G5 1 16 20 . 844 312 . 83 • 48 7 
1131 33 205 7 . 7 K2 1 16 46 . 195 337 . 51 1 . 45 34 

1139 11 167 8 . 1 F5 1 17 4 . 233 316 . 61 . 61 11 
1144 64 150 7 . 7 KO 1 17 26 . 441 401 . 55 5 . 11 64 
1145 36 224 8 . 5 K2 1 17 27 . 187 341 . 21 1 . 60 37 
1156 14 204 7 . 2 G5 1 18 0 . 837 319 . 64 . 72 15 
1158 68 94 8 . 3 KO 1 18 12.766 423 . 67 6 . 71 68 

1165 - 4 189 a . a GO 1 19 9 . 495 304 . 40 . 21 - 3 
1172 13 204 8 . 0 G5 1 19 33 . 520 318 . 73 . 68 14 
1176 25 228 7 . 4 KO 1 19 52 . 255 329 . 88 1 . 09 26 
1182 32 245 7 .7 K5 1 20 23 .1 26 337 . 18 1 . 38 33 
1185 47 398 7 . 5 K2 1 20 46 . 287 358 . 76 2 . 38 48 

1187 22 221 8 . 3 GO 1 20 48 . 350 326 . 62 . 96 22 
1189 7 204 8 . 5 A3 1 21 3 . 155 313 . 77 . 51 7 
1191 58 230 8 . 0 KO 1 21 7 . 385 383 . 46 3 . 73 58 
1193 56 26{-+ 7 . 1 K5 1 21 15 . 044 378 . 58 3 . 44 56 
1210 - 1 182 7 . 8 A5 1 22 7 . 810 306 . 32 . 28 - 1 

1214 34 243 7 . 8 G5 1 22 17.479 340 . 78 1 . 51 35 
1230 - 2 213 7 . 8 GO 1 23 33 . 514 305 . 28 . 25 - 2 
1232 17 206 8.7 KO 1 23 49 . 476 322 . 80 . 80 17 
1241 24 212 7 . 2 KO 1 24 20 . 286 329 . 93 1. 06 25 
1244 51 308 7 . 5 KO 1 24 32 .247 368 .00 2 . 75 51 

1245 1 262 8 . 8 K2 1 24 33 . 157 308 . 90 .36 1 
1267 48 448 8 . 3 M2 1 26 24 . 155 363 . 72 2.48 48 
1269 8 238 8 . 4 K2 1 26 33 . 314 315 .50 • 56 9 
1273 65 173 7.8 K5 1 26 54 . 387 418 . 33 5.65 65 
1275 59 261 6 . 9 K2 1 27 1 . 420 391.49 3.95 59 

1278 72 75 8 . 2 KO 1 27 6.482 465 . 70 9.28 72 
1289 - 1 199 8 . 6 K2 1 28 o.550 306 . 37 .29 - 1 
1295 57 308 7 . 8 KO 1 28 9 .211 387 . 33 3 . 66 57 
1296 5 196 8 . 6 G5 1 28 13 . 812 312 .35 . 46 5 
1309 50 299 8.4 GO 1 29 26 . 231 369 .14 2 .67 50 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

17 
55 
33 
44 
42 

50 
22 
51 
15 
41 

37 
17 
28 
22 
32 

53 
42 

8 
10 
29 

53 
49 
24 
26 
58 

41 
4 

18 
1 
6 

41 
55 
41 
56 
13 

28 
27 
56 
10 
33 

52 
54 
25 
58 
31 

37 
5 

55 
42 
34 

Precession 
1950 1st 2nd 

Term Term 

56 . 47 1911 . 9 -8.3 
3 . 22 1911 . 7 -8.5 

5 2 . 78 1911 . 3 -8. 8 
28 .91 19 09 . 3 -7.6 
35 . 92 1908.6 -7.4 

12.18 1908.6 -9.9 
43.72 1907.4 -1.2 
45 . 87 1906 . 9 -7.6 
18 . 38 19 05 . 2 -9. 0 
32 . 61 1903 . 6 -7.6 

57 . 29 1903 . 2 -8 . 6 
50.64 1902 . 8 -13.7 
19 . 09 1902 . U -7 . 7 

8 . 23 1898 . 5 -8.6 
2 . 00 1897 . 7 -11.8 

19 . 39 1897.5 -7.6 
4 . 04 1895.0 -8 . 6 

47 . 57 1894 . 4 -8.l 
5 . 29 1894 . 1 -7.9 

25 . 54 1892.9 -8.5 

1•27 1892.0 -8. 0 
19 . 85 1890 .• 9 -1 0 . 1 
37.91 1890 . 9 -8.6 

3 . 56 1889 . 3 -8 . 2 
31 . 01 1888.7 -10.7 

53 . 87 1885.9 -7.9 
47.08 1884.7 -8.3 

5 . 78 1883 . 8 -8.6 
44.44 1882 . 2 -8.8 
56.63 1881.1 -9.4 

46 . 03 1881.0 -8.6 
42 . 51 1880.2 -8.3 
10 . 38 1880 . 0 -1 0.1 
16 . 59 1879.6 -10.0 
48.42 1876.9 -8.2 

24 . 38 1876.4 -9.1 
37 . 08 1872.5 -8.3 
37 . 32 1871.7 -8.8 
50.32 1870.1 -9.1 

o . 91 1869.4 -1 0 .1 

12.95 1869.4 -8.5 
9.74 1863.5 -1 0 .2 

10.25 1863.0 -8.9 
58.56 1861.9 -11.7 
26 .88 1861.5 -11.0 

12.31 1861.2 -13. 0 
44.32 1858.3 - 8 .8 
24 . 28 1857.8 -11. 0 
58 .69 1857 .6 - 8 . 9 

3 . 59 1853.6 -10.6 

103 

No. Epoch 
Obs. 1900+ 

2 58.29 
2 59.00 
2 58.78 
2 59.31 
2 58.22 

2 57.75 
2 58.82 
2 57.75 
2 58.94 
2 57 . 79 

2 57 . 67 
2 58 . 22 
2 58.81 
2 58.83 
2 57 . 41 

2 57 . 84 
2 58 . 89 
2 58 . 22 
2 57 . 24 
2 58.76 

2 58 . 23 
2 57 . 75 
2 57 . 42 
2 57 . 21 
2 57 . 28 

2 57 . 76 
3 57 . 15 
4 58 . 58 
2 58.76 
2 58.78 

2 58.31 
2 58.34 
2 58.32 
2 58.24 
2 57.78 

2 58.31 
2 58.76 
4 58.54 
2 57.28 
2 58.79 

2 58.89 
2 58.29 
2 57.28 
2 58.22 
3 57.89 

2 57.79 
2 59.34 
2 58 . 83 
2 58 .7 8 
2 57 . 89 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

1317 12 189 8.1 KO 1 30 6.302 319.06 . 66 IL 
1321 54 315 6.8 K2 1 30 15.668 379.71 3 . 17 54 
1325 - 0 247 8.4 KO 1 30 25.121 307.21 • 32 - 0 

1327 41 300 8.5 KO 1 30 28.724 353.72 1 . 93 42 
13 3 5 29 260 8.1 A3 1 30 48 . 068 337.26 1 . 27 30 

1341 - 2 242 8.6 G5 1 31 3 . 735 305.41 . 27 - 2 
1342 16 172 8.o KO 1 31 5 . 055 323.56 . 80 17 
1344 18 207 8.7 KO 1 31 10 . 855 324.67 . 83 18 
1349 3 216 8 . 3 F5 1 31 28 . 375 310 . 84 • 42 3 
1361 13 238 8.1 G5 1 32 14 . 407 320 . 50 . 70 14 

1363 7 234 1.0 KO 1 32 15 . 039 314.70 . 53 8 
1367 51 338 7 . 2 KZ 1 32 28 . 904 374.26 2 . 83 51 
1375 9 189 8 . 4 KO 1 32 54.648 316 . 91 • 59 10 
1380 46 397 7 . 1 G5 1 33 20 . 020 364 . 22 2 . 34 47 
1384 47 462 8 . 0 KO 1 33 35 . 323 365.88 2 . 41 47 

1386 23 211 8.8 KO 1 33 38 . 869 330 . 92 1 . 03 23 
1390 32 280 7.6 KO 1 33 57 . 354 341.39 1 . 39 32 
1412 9 194 7.6 F5 1 35 18 . 604 316.37 . 57 9 
1416 28 273 8 . 2 KZ 1 35 39 . 281 336.85 1 . 22 28 
1440 2 244 8 . 2 GO 1 37 8 . 540 310.40 . 41 3 

1453 - 2 270 8 . 6 FO 1 37 54 . 016 305.53 . 29 - 1 
1458 22 257 7.6 G5 1 38 21.488 330 . 67 . 99 22 
1464 17 247 7 . 8 A2 1 38 4.9 . 601 325.91 . 84 18 
1466 44 352 8 . 6 K 1 38 51 . 992 363 . 84 2 . 20 45 
1478 3 230 8 . 7 AO 1 39 20 . 089 311 . 67 • 45 4 

1483 15 251 7.6 KO 1 39 45 . 091 322 . 98 . 76 1 5 
1487 24 250 8.4 MO 1 39 55 . 857 333.70 1 . 08 25 
1493 10 225 8 . 5 FO 1 40 10 . 623 318 . 15 . 62 10 
1503 13 266 8.7 A3 1 41 1 . 310 322.02 . 72 14 
1504 5 232 7 . 9 KO 1 41 1 •. 904 312 . 81 • 48 5 

1513 - 0 264 8 . 4 G5 1 41 26.332 306.91 . 33 - 0 
1525 1 313 7 . 2 KO 1 42 29 . 926 309.60 . 40 2 
1527 26 290 7 . 8 K2 1 42 44 . 702 336.67 1 . 15 26 
1535 40 362 7 . 6 F5 1 43 20 . 034 357 . 47 1 . 87 40 
1537 - 4 269 8.2 G5 1 43 26 . 252 302 . 76 . 25 - 4 

1560 0 289 8.o G5 1 44 47 . 459 307.91 . 36 0 
1561 12 231 8.8 K5 1 44 49 . 256 320.65 . 68 12 
1563 - 0 274 8.1 G5 1 45 2 . 091 307.23 • 35 - 0 
1577 41 353 8 . 5 FO 1 46 13.873 360.63 1 . 95 41 
1578 34 311 8 . 3 G5 1 46 18.071 348.65 1 . 52 34 

1583 61 334 7.8 G5 1 46 28 . 411 419.46 4 . 65 61 
1586 32 323 8.8 KO 1 46 33 . 356 345.89 1 . 42 32 
1589 26 303 8.3 FO 1 47 9 . 581 338.30 1 . 17 27 
1606 42 388 7.5 KO 1 48 4 . 614 364.49 2 . 01 43 
1619 17 273 8 . 2 GO 1 48 48 . 239 327.48 . 85 18 

1621 15 273 8 . 3 KO 1 48 55 . 450 325.03 . 78 16 
1630 46 467 8.5 K2 1 49 26.918 374.17 2 . 42 47 
1638 0 302 8.5 A5 1 50 3.438 308.42 • 38 1 
1641 3 257 8.2 G5 1 50 11.337 312.10 . 46 4 
1655 6 296 7.6 K2 1 51 0 . 349 315 . 39 . 54 7 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

54 
41 

7 
4 
8 

7 
25 
31 
52 

7 

1 
54 
18 

4 
49 

57 
35 
30 
:::15 
12 

51 
46 
23 
19 
25 

31 
3 

50 
27 
29 

25 
15 
52 
44 
28 

33 
43 

5 
44 
39 

54 
46 
13 
16 
15 

9 
25 

0 
25 
23 

1950 

18 . 89 
19.26 
46.58 
17 . 99 

o . oo 

18 . 21 
45 . 56 
26 . 95 
22 . 45 
47 . 96 

9 . 51 
32 . 38 
22 . 93 
16 . 22 

6 . 19 

43 . 20 
56 . 87 
34 . 32 
30 . 55 

8 . 78 

16 . 06 
22 . 54 
59 . 79 
30 . 79 
14 . 55 

36 . 34 
4 . 71 
4 . 61 
4 . 62 

39 . 70 

12 . 01 
10 . 72 

9 . 62 
1 . 79 

40 . 98 

45 . 80 
34 . 16 
37 . 77 
27 . 92 
21 . 91 

11 . 64 
5 . 08 
1 . 30 

40 . 95 
41.18 

7 . 21 
29 . 22 
41 . 15 

1 . 08 
18 . 45 

Preces sion 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

1851 . 3 -9 . 3 3 57 . 77 
1850 . 8 -11 . 0 2 58 . 31 
1850 . 3 -9 . 0 4 58 . 84 
1850 . 1 -10 . 3 2 58 . 88 
1849 . 0 -9 . 9 2 57 . 37 

1848 . 1 -9.0 3 58 . 48 
1848 . 0 -9 . 5 4 59 . 07 
1847 . 7 -9 . 6 2 57 . 88 
1846 . 7 - 9 . 2 2 58 . 80 
1844 . 1 -9 . 5 4 57 . 73 

1844 . 1 - 9 . 4 2 57 . 35 
1843 . 3 - 11 . 1 2 58 . 30 
1841 . 8 - 9 . 5 2 57 . n 
1840 . 3 -10 . 9 2 57 . 28 
1839 . 5 - 11 . 0 2 57 . 90 

1839 . 2 - 10 . 0 3 58 . 12 
1838 . 2 -10 . 3 2 57 . 79 
1833 . 4 -9 . 7 4 57 . 53 
1832 . 2 - 10 . 3 2 58 . 33 
1826 . 9 -9 . 7 4 57 . 54 

1824 . 2 -9 . 6 2 58 . 43 
1822. 5 - 10 . 5 2 58 . 86 
1820 . 8 - 10 . 3 2 57 . 75 
1820 . 6 - 11 . 5 2 57 . 83 
1818 . 9 -9 . 9 2 59 . 34 

1817 . 4 - 10 . 3 2 57 . 78 
1816 . 7 - 10 . 7 2 57 . 79 
1815 . 8 - 10 . 2 2 58 . 76 
1812 . 7 - 10 . 4 3 57 . 44 
1812 . 6 - 10 . 1 2 58 . 30 

1811 . 1 - 10 . 0 5 59 . 99 
1807 . 1 - 10 . 1 2 57 . 76 
1806 . 2 - 11 . 0 2 58 . 35 
1804 . 0 - 11 . 7 2 57 . 78 
1803 . 6 - 10 . 0 4 58 . 84 

1798 . 4 -10 . 3 2 58 . 30 
1798 . 3 - 10 . 7 2 58 . 34 
1797 . 4 - 10 . 3 2 58 . 30 
1792 . 8 -12.1 2 57 . 75 
1792 . 5 - 11 . 7 2 58 . 77 

1791.8 -14 . 1 3 57 . 16 
1791 . 5 -11 . 7 2 57 . 29 
1789 . 1 - ll . 5 2 57 . 78 
1785 . 5 - 12 . 4 2 57 . 79 
1782.6 -ll . 3 2 57 . 37 

1782 . 1 -11 . 2 2 57 . 85 
1780 . 0 -1 2.9 2 58 . 79 
1777 . 6 -10 . 8 2 58 . 31 
1777 . 0 -10 . 9 2 58 . 31 
1773.7 -11 . 1 4 58 . 55 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

1657 23 254 8 . 9 A3 1 51 21.887 335 . 02 1.os 23 
1658 40 400 8 . 2 KO 1 51 27.259 360.94 1.88 40 
1662 53 419 7.3 G5 1 51 41 .5 27 393 .27 3.17 53 
1671 13 296 7.5 G5 1 52 5.78U 322 .41 .71 13 
1674 69 123 7.3 K5 1 52 29 . 632 479.99 7.99 69 

1694 51 444 7.8 K5 1 53 36 .5 86 389 .40 2.95 52 
1696 34 338 8 .5 K2 1 53 42.368 352 . 53 1.56 35 
1736 62 332 8 . 7 MO 1 55 50.044 432.47 4.93 62 
1738 15 286 8 .0 GO 1 55 55 .4 85 325.51 .78 15 
1739 28 335 8.2 G5 1 56 1.82 0 342.68 1.24 28 

1744 55 466 7.6 G5 1 56 12.293 401.64 3.41 55 
1749 40 415 7.1 G5 1 56 40.613 364.16 1.92 41 
1752 81 67 7.9 MO 1 56 48.947 790.20 40.25 82 
1758 39 450 8.2 G5 1 57 28 . 989 361.78 1.83 39 
1759 6 314 7.6 K5 1 57 35 . 016 315 .00 .53 6 

1768 47 544 8.1 K5 1 58 4.318 379 .68 2.45 47 
1769 12 264 7.8 F5 1 58 7.433 322 .71 .70 13 
1773 4 340 s.o G5 1 58 31.080 313.22 • 49 5 
1776 - 1 276 s.s KO 1 58 48.183 306.03 .35 - 1 
1777 31 354 8 .4 KO 1 58 50.698 348.52 1.39 31 

1778 44 406 8.2 G5 1 58 54.647 373.71 2.22 45 
1780 0 335 8.6 F5 1 59 4.777 308.60 .40 1 
1784 42 430 7.8 KO 1 59 20 .356 368.47 2.03 42 
1785 36 394 8.2 FO 1 59 31.229 357.96 1.67 37 
1787 18 261 8.4 AO 1 59 35.628 330.45 .89 19 

1790 14 328 7.9 KO 1 59 46 .• 055 325.52 .76 15 
1792 8 316 7 .4 G5 1 59 56.415 317.71 .59 8 
1796 63 277 7.1 K5 2 0 5.452 444.39 5.36 63 
1798 35 396 7.9 KO 2 0 11.286 355.70 1.60 35 
1807 17 306 8.4 A2 2 0 44.359 329.27 .as 18 

1808 22 298 8.2 K7 2 0 49.641 335.36 1.00 22 
1814 56 416 8.5 AO 2 1 15.436 410.58 3.65 56 
1827 59 403 8.3 KO 2 2 24.602 425.33 4.30 60 
1829 9 266 7.4 K5 2 2 43.462 319.15 .62 9 
1836 4 348 8.6 F5 2 3 18.156 313.40 .so 5 

1842 12 282 7.3 KO 2 3 47.504 323.47 .71 13 
1846 69 136 8.6 G5 2 4 2.303 492.86 7.96 69 
1848 3 284 8.6 MO 2 4 10.550 311. 74 .46 3 
1849 51 500 8.4 A2 2 4 10.942 395.18 2.93 51 
1851 0 352 7.8 KO 2 4 13.690 308.78 • 41 1 

1862 5 285 7.0 K5 2 5 9.849 314.31 .51 5 
1863 15 305 7.6 KO 2 5 20.215 326.69 .78 15 
1866 10 292 7.6 K5 2 5 26.593 320.79 .65 10 
1870 - 1 296 7.6 K2 2 5 53.828 306.53 • 37 - 0 
1878 - 3 320 a.a K5 2 6 17.059 303.12 • 31 - 3 

1885 53 459 7.7 K5 2 6 42.045 404.24 3.22 54 
1886 31 370 7.7 K2 2 6 44.097 351.32 1.40 32 
1888 21 291 a.a K7 2 6 44.992 335.36 .98 21 
1889 22 309 8.5 G5 2 6 46.289 337.10 1.02 22 
1900 11 288 8.1 GO 2 7 26.620 322.16 .67 11 

Position 1950 + T = Position 1950 + T (1st term) + T 1 (2Dd term) + 'I' (P. 14. )

T ÎII amaries (rom 1900. 0, T' in centuries (rom epoch. 

55 
38 
56 
30 
57 

14 
24 
39 
41 
37 

28 
6 

18 
43 
40 

42 
8 
5 
7 

52 

3 
6 

36 
15 

8 

15 
50 
59 
52 

5 

37 
50 

2 
50 

4 

13 
38 
39 
53 
12 

44 
34 
57 
39 
26 

5 
4 

46 
58 
52 

Precession 
1950 1st 2-1 

Term Term 

38.12 1 772. 3 -11.8 
40.48 1771.9 -12.7 
38.54 1770.9 -13.8 
42.97 1769.3 -11.4 
34 .27 1767.6 -16.9 

43.76 1763. 0 -13.9 
10.49 1762.6 -12.6 
47.75 1753.7 -15.6 
14.92 1753.3 -11.9 
13.33 1752.8 -12.s 

21.59 1752.1 -14.6 
28.25 1750.1 -13.3 
39.15 1749.5 -28.5 
32.39 1746.6 -13.3 
34.74 1746.2 -11.7 

9.19 1744.1 -14.0 
35.73 1743.9 -12.0 
43.75 1742.2 -11.7 
34.25 1740.9 -11.4 
49.54 1740.8 -13.0 

12.52 1740. 5 -13 •. 9 
8.66 1739.8 -11.5 

32.04 1738.6 -13.7 
32.16 1737.8 -13.4 
57.99 1737.5 -12.4 

17.66 1736.8 -12.2 
29.22 1736. 0 -11.9 
52.30 1735.3 -16.6 
15.17 1734.9 -13.3 
15.99 1732.5 -12.4 

59.84 1732.1 -12.7 
56.07 1730.2 -15.5 
24.26 1725. 1 -16.1 
17.49 1723.7 -12.3 
2.1s 1721.1 -12.1 

26.67 1718.9 -12.s 
38.47 1717.8 -18.9 
58.35 1717.2 -12.1 
30.44 1717.2 -15.2 
15.82 1717.0 -12.0 

52.56 1712. 7 -12.3 
5.23 1711.9 -12.s 

13.03 1711.5 -12.s 
22.24 1709. 4 -12.0 
31.41 1707 .6 -11.9 

44.14 1705.7 -15.8 
49.06 1705.5 -13.8 
25.97 1705.5 -13.2 
58.92 1705.4 -13.3 
42.81 1702.3 -12.s 

105 

No. Epoch 
Obs. 1900+ 

2 58.34 
2 58.79 
2 57.86 
2 58.78 
2 57.27 

2 57.30 
2 57.29 
2 57.29 
2 57.31 
2 57.33 

2 57.85 
2 57.27 
3 57.44 
2 57.29 
4 58.55 

2 57.76 
2 58.30 
2 59.32 
2 58.44 
2 58.30 

2 57.37 
4 59.12 
2 57.24 
2 57.29 
2 58.34 

2 59.36 
2 59.92 
2 58.31 
2 58.80 
4 58.60 

2 58.30 
2 57.77 
2 57.30 
2 58.89 
2 57.30 

2 57.29 
2 58.30 
2 58.36 
2 58.31 
2 57.75 

2 58.28 
3 57.44 
2 57.86 
2 59.33 
2 57.88 

2 57.89 
2 59.88 
2 58.30 
2 58.79 
3 57.82 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

1901 45 557 8 . 0 G5 2 7 27 . 114 379.59 2 . 28 45 
1905 65 234 7.9 G5 2 7 47 . 259 468.24 6 . 25 66 
1908 35 416 8 . 4 KO 2 7 57 . 159 358 . 35 1 . 59 35 
1920 47 583 7 . 7 K5 2 9 38 . 945 387 . 82 2 . 52 48 
1924 9 280 8 . 3 FO 2 9 49 . 720 320 . 09 . 63 lü 

1925 58 399 7 . 5 KO 2 9 54 . 339 426 . 56 4 . 08 58 
1927 13 351 7.1 KO 2 9 59.947 324 . 81 . 73 13 
1928 19 332 7 . 7 KO 2 10 6 . 812 332 . 89 . 91 19 
1929 - 2 379 8 . 1 KO 2 10 9 . 324 304.24 • 33 - 2 
1941 46 538 8 . 6 K5 2 11 6 . 937 385 . 05 2 . 40 47 

1942 25 368 7 . 4 G5 2 11 10 . 254 343 . 24 1 . 15 26 
195_0 18 284 8 . 9 A5 2 11 54 . 269 332.12 . 88 18 
1951 49 602 8 . 4 KO 2 11 54 . 203 394 . 29 2 . 72 50 
1956 20 358 8 . 8 K2 2 12 6 . 299 334 . 95 • 94 20 
1966 41 430 7 . 4 K5 2 12 37 . 927 373 . 68 2 . 00 42 

1968 77 78 7 . 9 KO 2 12 54 . 006 637 . 89 18 . 09 77 
1971 10 306 8 . 3 AO 2 13 11 . 657 321 . 76 . 66 11 
1973 48 642 7 . 9 G5 2 13 16 . 300 390 . 71 2 . 56 48 
1983 29 385 8 . 9 K7 2 13 51 . 467 349 . 39 1 . 29 29 
1984 1 403 7 . 5 G5 2 13 53 . 131 309 . 91 . 44 2 

1987 9 294 8 . 8 AO 2 13 59 . 082 319 . 71 . 62 9 
1990 3 345 8 . 7 KO 2 14 18 . 022 303 . 28 • 33 - 3 
1991 16 266 8 . 0 GO 2 14 18 . 528 330 . 04 . 82 17 
J. 996 33 399 8 . 1 KO 2 14 31 . 431 356 . 38 1 . 47 33 
2001 44 456 8 . 3 K2 2 14 57 . 925 381 . 49 2 . 22 44 

2006 - 2 389 8 . 1 KO 2 15 14 . 860 30li . 38 . 35 - 2 
2011 36 458 8 . 0 K2 2 15 33 . 938 363 . 14 1 . 65 36 
2015 7 362 1 . 0 KO 2 16 2 . 436 317 . 76 • 58 7 
2031 31 403 7 . 4 K5 2 17 5 . 239 354 . 51 1 . 40 32 
2036 54 525 7 . 3 KO 2 17 30 . 958 415 . 80 3 . 39 55 

2038 58 450 7 . 1 KO 2 17 37 . 746 433.08 4 . 10 59 
2045 30 379 8 . 4 G5 2 18 8 . 118 351 . 85 1 . 32 30 
2046 9 306 8 . 6 G5 2 18 12 . 344 320 . 39 . 62 9 
2049 22 331 7 . 2 MO 2 18 24 . 223 339 . 84 1 . 03 23 
2055 11 326 8 . 4 FO 2 19 10 . 509 323 . 58 . 68 12 

2057 0 391 7 . 4 K2 2 19 14.550 308.31 . 42 0 
2060 37 538 8 . 1 G5 2 19 20 . 022 365 . 83 1 . 68 37 
2072 - 0 357 8 . 5 KO 2 19 48 . 940 307 . 28 . 40 - 0 
2073 78 82 7 . 9 K2 2 19 51 . 796 714 . 54 24 . 06 79 
2079 7 375 7 . 6 FO 2 20 17 . 094 318 . 55 . 59 8 

2083 35 465 8 . 7 G5 2 20 28 . 934 362 . 37 1 . 57 35 
2084 10 318 7 . 6 G5 2 20 33 . 019 321 . 74 . 65 10 
2090 55 609 8.5 A3 2 21 9 . 290 422 . 68 3 . 56 56 
2092 46 565 7 . 6 KO 2 21 13 . 980 390 . 57 2 . 40 47 
2095 59 483 7 . 7 KO 2 21 43 . 751 443 . 09 4 . 39 60 

2096 28 409 7 . 4 KO 2 21 45 . 833 350.31 1 . 26 29 
2100 73 136 8 . 1 K5 2 22 0 . 678 584 . 48 12 . 52 74 
2109 31 418 7 . -,, K2 2 22 29 . 353 356.30 1 . 40 32 
2114 - 3 375 8 . 4 K5 2 22 41 . 707 302 . 64 . 33 - 3 
2121 6 360 8 . 6 G5 2 22 58 . 597 316 . 92 . 56 7 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

41 
16 
47 
20 

5 

57 
41 
35 
27 

3 

23 
49 

5 
46 
14 

30 
7 

38 
43 

0 

32 
8 
5 

32 
58 

16 
50 
57 

5 
10 

1 
26 
46 
11 

1 

44 
28 

2 
21 
19 

36 
36 
12 

8 
17 

1 
21 
10 
26 

0 

1950 

31 . 03 
46 . 08 
12 . 38 
15 . 84 
41 . 81 

45 . 30 
4 . 51 

15 . 03 
42 . 57 
17 . 67 

36 . 72 
37 . 21 
39 . 63 
24 . 82 
l0 . 78 

42 . 80 
40 . 35 
49 . 30 
10 . 48 
24 . 54 

2 . 44 
7 . 24 
6 . 68 

25 . 57 
48 . 86 

15 . 91 
13 . 24 

3 . 06 
23 . 17 
46 . 68 

11 . 39 
48 . 02 
42 . 14 
55 . 15 
54 . 54 

31 . 73 
17 . 19 

4 . 48 
1 . 70 
6 . 81 

24 . 65 
35 . 43 
42 . 88 
48 . 68 
29 . 80 

8 . 49 
31 . 60 
57 . 01 
33 . 37 
18 . 46 

Precession 

1st 2nd 
No. Epocb 
Obs. 1900+ Term Te rm 

1702 . 2 -15 . 0 2 58 . 34 
1700 . 7 - 18 . 4 2 57 . 75 
1699 . 9 - 14 . 2 2 58 . 43 
1692 . 0 - 15 . 5 3 57 . 81 
1691 . 2 -12 . 9 2 57 . 81 

1690 . 8 - 17 . 1 2 57 . 79 
1690 . 4 - 13 . 1 2 58 . 29 
1689 . 9 -13 . 4 2 58 . 43 
1689 . 6 - 12 . 3 2 58 . 86 
1685 . 1 - 15 . 6 2 58 . 92 

1684 . 8 - 13 . 9 2 58 . 86 
1681 . 4 -13 . 5 2 57 . 29 
1681 . 4 - 16 . 0 2 57 . 77 
1680 . 4 - 13 . 7 2 58 . 77 
16 77 . 9 - 15 . 3 2 58 . 79 

1676 . 6 - 25 . 8 2 57 . 27 
1675 . 2 - 13 . 2 2 57 . 81 
1674 . 8 - 16 . 0 2 57 . 22 
1672 . 0 - 14 . 4 2 58 . 31 
1671.9 - 12 . 8 4 58 . 89 

1671 . 4 - 13 . 2 2 59 . 30 
1669 . 9 - 12 . 6 2 58 . 90 
1669 . 8 - 13 . 7 2 58 . 29 
1668 . 8 - 14 . 7 2 59 . 47 
1666 . 6 - 15 . 8 2 57 . 89 

1665 . 3 - 12 . 7 2 58 . 86 
1663 . 7 - 15 . 1 2 58 . 79 
1661 . 4 - 13 . 3 2 57 . 31 
1656 . 3 - 14 . 9 2 57 . 89 
1654 . 2 - 17 . 5 2 58 . 31 

1653 . 6 - 18 . 2 2 57 . 75 
1651 . 1 - 14 . 9 2 57 . 31 
1650 . 7 -13 . 6 2 57 . 82 
1649 . 8 - 14 . 3 2 57 . 30 
1645 . 9 - 13 . 8 2 58 . 35 

1645 . 6 - 13 . 2 2 58 . 46 
1645 . 1 - 15 . 6 4 59 . 52 
1642 . 7 -13 . 2 2 58 . 42 
1642 . 5 - 30 . 2 2 57 . 77 
1640 . 4 - 13 . 7 2 57 . 24 

1639 . 4 - 15 . 5 2 57 . 29 
1639 . 0 - 13 . 9 2 57 . 84 
1636 . 0 - 18 . 1 2 58 . 43 
1635 . 6 - 16 . 8 2 58 . 41 
1633 . 1 - 19 . 1 2 57 . 76 

1632 . 9 - 15 . 2 4 59 . 18 
1631 . 6 - 25 . 1 2 57 . 84 
1629 . 2 - 15 . 5 2 57 . 30 
1628 . 2 - 13 . 2 2 59 . 21 
1626 . 7 -13 . 8 4 5 !J . 65 
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P rece ssion 
No. B.D. No. M+Sp. R.A. 1950 l at 2nd Decl. 

Te rm Term 

2129 16 29 1 8 . 3 GO 2 23 56 . 814 331 . 89 . 84 17 
2 131 22 347 8 . 0 G5 2 24 8 . 327 340 . 13 1 . 00 22 
2142 - 1 338 7 . 1 K5 2 24 56 . 234 305 . 98 . 38 - 0 
2155 23 330 8 . 4 A2 2 25 56 . 711 342 . 12 1 . 04 23 
2162 52 587 8 . 3 KO 2 26 17 . 737 412 . 37 3 . 04 52 

2 165 30 399 7 . 7 KO 2 26 23 . 846 354 . 52 1 . 32 _30 
2168 43 504 7 . 9 K2 2 26 36 . 724 384 . 18 2 . 11 43 
2171 5 343 8 . 1 K2 2 26 54 . 426 315 . 08 . 52 5 
2176 47 640 7 . 6 KO 2 27 7 . 088 395 . 04 2 . 44 47 
2 185 18 315 8 . 2 KO 2 27 42 . 842 334 . 10 . 87 18 

2213 - 4 412 8 . 7 A5 2 29 5 . 754 301 . 38 . 32 - 4 
2217 20 4 16 7 . 2 G5 2 29 25 . 418 338 . 28 • 95 20 
222 1 6 380 7 . 6 KO 2 29 33 . 677 316 . 57 . 55 6 
2222 - 1 352 7 . 9 K2 2 29 35 . 801 305 . 32 . 38 - 1 
222 4 14 418 8 . 6 F2 2 29 53 . 878 329 . 02 . 76 14 

2226 80 80 7 . 9 K5 2 29 57 . 863 846 . 65 35 . 72 81 
2228 29 434 7 . 2 KO 2 30 10 . 652 353 . 86 1 . 28 29 
2235 5 356 8 . 0 KO 2 30 49 . 934 315 .1 7 . 53 5 
2254 2 4 00 8 . 2 G5 2 32 15 . 173 3 1 0 . 83 . 46 2 
2260 - 0 387 8 . 6 KO 2 32 20 . 307 306 . 48 . 40 - 0 

226 1 30 4 14 8 . 6 KO 2 32 24 . 000 355 . 82 1. 31 30 
2266 62 426 7 . 5 KO 2 32 36 . 198 471 . 29 5 . 19 63 
2268 38 510 8 . 1 KO 2 32 4 1. 163 374 . 99 1 . 77 39 
2270 28 437 8 . 2 A3 2 32 45 . 801 353 .1 3 1 . 24 29 
2272 15 354 A. l K2 2 32 54 . 664 331 . 65 . 80 16 

2273 74 11 2 8 . 0 GO 2 32 56 . 611 619 . 54 13 . 77 7 5 
22 75 13 410 7 . 8 K5 2 32 58 . 491 327 . 34 . 73 13 
22 76 9 339 8 . 8 K5 2 33 0 . 998 32 1. 77 . 63 9 
22 7 8 26 432 8 . 4 G5 2 33 14 . 719 34 9 . 44 1 . 16 26 
2283 72 141 8 .1 K2 2 33 39 . 459 585 . 31 11 . 35 73 

2286 36 524 8 . 4 KO 2 33 51 . 630 370 . 27 1. 64 37 
2289 17 403 8 . 5 A3 2 34 0 . 979 333 . 90 . 84 17 
2298 11 365 7 . 4 G5 2 35 2 . 613 325 . 20 . 69 12 
2308 19 394 7 . 4 KO 2 35 48 . 506 337 . 09 . 90 19 
2325 7 408 8 . 3 KO 2 37 5 . 985 319 . 20 • 58 7 

2328 70 198 7 . 2 KO 2 37 14 . 407 559 . 05 9 . 42 71 
2333 35 53 1 8 . 1 K5 2 37 26 . 537 368 . 42 1 . 56 35 
2338 12 370 7 . 3 KO 2 37 43 . 118 327 . 41 . 72 13 
2339 17 414 7 . 6 F5 2 37 45 . 053 335 . 54 . 86 1 8 
23 4 0 20 444 8 . 2 G5 2 37 49 . 657 339 . 94 . 94 21 

2343 67 222 7. 0 K2 2 38 2 . 771 516 . 18 7 . 04 67 
2346 - 2 469 8 . 5 KO 2 38 8 . 786 304 . 15 . 37 - 2 
2350 24 381 8 . 1 AO 2 38 16 . 496 347 . 74 1 . 09 25 
235 1 40 568 8 .1 GO 2 38 17 . 948 380 . 46 1 . 86 40 
2355 44 560 7 . 7 K5 2 38 36 . 031 391 . 96 2 . 17 44 

2357 21 366 8 . 2 KO 2 38 39 . 286 34 1. 84 . 97 22 
2384 1 474 7 . 9 MO 2 40 43 . 542 309 . 61 • 44 1 
2385 23 362 7 . 6 KO 2 40 44 . 918 345 . 4 7 1. 04 23 
2393 54 602 8 . 8 AO 2 4 1 23 . 974 429 . 76 3 . 28 54 
2394 4 4 569 7 . 7 F8 2 41 28 . 786 395 . 06 2 . 21 45 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (?nd term) + T' (P. M. ). 

Tin centuries from 1900. 0, T' in c enturies from epoch. 

22 
39 
58 
38 
50 

38 
56 
32 
37 
26 

12 
53 
29 
24 
56 

25 
4 4 
28 
26 
35 

27 
16 
19 

0 
23 

9 
35 
54 
56 
22 

8 
42 

3 
30 
59 

24 
47 
18 
23 

0 

51 
8 

24 
40 
47 

1 
31 
51 
45 
23 

Preces sion 
1950 l at 2nd 

Term Term 

27 . 21 1621 . 8 - 14 . 6 
17 . 18 1620 . 8 -14 . 9 
30 . 71 1616 . 6 -13 . 5 
51 . 87 1611 . 4 - 15 . 2 
21 . 20 1609 . 6 - 18 . 3 

34 . 49 1609 . 1 - 15 . 7 
1 . 57 1607 . 9 - 17 . 1 

42 . 44 1606 . 4 - 14 . 1 
55 . 16 1605 . 3 - 17 . 6 
34 . 78 1602 . 2 - 15 . 0 

0 . 80 1594 . 9 - 13 . 6 
52 . 6!5 1593 . 1 - 15 . 3 
50 . 34 1592 . 4 - 14 . 3 
53 . 39 1592 . 2 - 13 . 9 
34 . 55 1590 . 6 - 14 . 9 

31 . 02 1590 . 3 -37 . 9 
43 . 38 1589 .1 -16 . l 
51 . 40 1585 . 6 - 14 .4 

3 . 36 1578 . 0 - 14 . 3 
18 . 34 1577 . 6 - 14 . 1 

47. 72 1577 . 2 - 16 . 3 
46 . 81 1576 .1 - 21 . 6 
50 . 60 1575 . 7 - 17 . 2 
15 . 47 1575 . 3 - 16 . 2 
4 1. 34 1574 . 5 - 15 . 3 

53 . 42 1574 . 3 - 28 . 3 
58 . 1 1 1574 .1 - 15 . 1 
18 . 36 1573 . 9 - 14 . 9 
57 . 96 1572 . 7 - 16 . 1 
16 . 20 1570 . 4 -26 . 8 

16 . 23 1569 . 3 -17 .1 
52 . 27 1568 . 5 - 15 . 5 
12 . 81 1562 . 9 -15 . 2 
44 . 51 1558 . 7 -15 . 8 
18 . 60 1551 . 5 -15 . 1 

47 . 13 1550 . 7 -26 . l 
31 . 03 1549 . 6 -17 . 4 
48 . 29 1548.1 -15 . 5 

8 . 41 1547 . 9 -15 . 9 
31 . 67 1547 . 5 -16 . 1 

6 . 11 1546 . 3 -24 . 3 
17 . 59 1545 . 7 -14 . 4 

4 . 09 1545.0 - 16 . 5 
5 . 27 1544 . 9 -18 . 0 

19 . 93 1543 . 2 - 18 . 6 

53 . 44 1542 . 9 -16.2 
5 . 90 1531 . 3 - 14 . 9 

42 . 39 1531 . l - 16 . 6 
14 . 80 1527 . 5 -20 . 6 
20 . 93 1521 . 0 -18 . 9 

107 

No. Epoch 
Obs. 1900+ 

2 57 . 79 
2 57 . 85 
2 58 . 32 
2 57 . 76 
2 58 . 88 

2 58 . 43 
2 58 . 30 
2 58 . 30 
2 58 . 35 
2 57 . 86 

2 57 . 94 
2 58 . 46 
2 58 . 30 
2 57 . 94 
2 59 . 34 

2 57 . 79 
2 58 . 35 
2 57 . 29 
2 58 . 32 
2 58 . 35 

2 57 . 37 
2 57 . 84 
2 57 . 78 
2 59 . 31 
2 58 . 30 

2 57 . 84 
2 58 . 34 
2 59.35 
2 58 . 78 
2 58 . 34 

2 60 . 03 
2 59 . 93 
2 57 . 28 
3 57 . 51 
2 57 . 89 

2 57 . 74 
2 58 . 30 
2 58 . 34 
2 58 . 32 
2 58 . 32 

2 59 . 31 
2 58.42 
2 58.99 
2 59 . 36 
2 57 . 38 

2 57.78 
2 57 . 28 
2 57 . 79 
2 57.90 
2 58 . 31 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

2399 8 416 8.5 GO 2 41 44.966 321.08 . 61 9 
2403 28 456 8.4 K2 2 42 11.321 354.78 1 . 22 28 
2409 13 446 8.1 AO 2 42 41.346 328.59 . 72 13 
2411 33 503 7.8 K2 2 42 43.607 366.56 1 . 47 34 
2413 16 342 7.3 KO .2 42 55.945 333.67 .81 16 

2420 64 346 8.0 G5 2 43 28.408 490.43 5 . 56 64 
2422 38 551 8.7 KO 2 43 38.247 377.94 1 . 72 38 
2428 42 628 7.3 KO 2 44 7.198 389.68 2 . 02 43 
2431 21 374 8.2 G5 2 44 16.102 343.50 . 98 22 
2442 17 43-8 7.7 K5 2 44 44.730 336.43 . 85 18 

2454 19 424 8.3 A3 2 45 30.137 339.12 . 90 19 
2465 32 507 8.6 KO 2 46 3.072 364. 77 1 . 40 32 
2468 20 467 8.9 G5 2 46 18.109 341 . 46 . 93 21 
2470 - 4 476 1.0 K5 2 46 32.186 300.44 . 34 - 4 
2496 44 591 7.6 K5 2 48 24 . 410 396.46 2 . 14 44 

2499 51 640 7.7 G5 2 48 29 . 377 422.0l 2 . 87 51 
2511 6 436 8.0 G5 2 48 55.919 318.90 . 57 7 
2513 15 397 8.o K5 2 49 5 . 292 333.60 . 79 16 
2517 75 109 7.9 G5 2 49 49 . 906 678.08 15 . 79 76 
2523 28 473 8.4 AO 2 50 4.396 357.91 1 . 22 29 

2534 14 484 7.7 MO 2 50 52 . 922 330.71 . 74 14 
2536 18 370 8.8 A5 2 50 57 . 725 337.55 . 85 18 
2549 10 388 8.1 A3 2 51 38 . 028 325.19 . 65 11 
2554 46 656 6.9 KO 2 52 10.518 405.48 2 . 32 47 
2557 37 660 8.4 G5 2 52 15.423 378.09 1 . 63 37 

2562 - 3 459 8.2 KO 2 52 26.814 301.73 . 35 - 3 
2567 22 405 8.9 K7 2 52 37.261 345.62 . 98 22 
2580 85 50 8.8 B9 2 53 4.742 1515.90 127 . 34 85 
2585 72 153 7.9 G5 2 53 21.325 597.69 10 . 29 72 
2586 5 420 1.2 KO 2 53 25 . 438 316.93 . 54 5 

2608 17 461 7.3 KO 2 55 6. 139 336.68 . 82 17 
2627 26 496 8.4 K2 2 57 o . 506 354.20 1 . 11 26 
2635 - 0 471 8.4 KO 2 57 34.219 307.39 . 42 0 
2637 74 128 7.6 G5 2 57 42.910 649.55 12 . 93 74 
2638 22 416 7.3 G5 2 57 42.931 346.32 • 97 22 

2642 12 422 8.4 K5 2 58 1.455 328.59 . 69 12 
2643 35 607 7.2 K2 2 58 7.315 375.21 1 . 52 35 
2650 42 681 8.4 A2 2 58 19.007 393.28 1 . 92 42 
2668 40 653 8.7 KO 2 59 34.398 389.49 1 . 81 41 
2669 37 688 8.9 A2 2 59 34.802 380.31 1 . 61 37 

2677 19 449 8.3 KO 3 0 18.211 342.02 . 88 20 
2682 10 405 7.8 K5 3 0 33.684 325.27 .64 10 
2686 13 494 7.8 KO 3 0 47.423 331.45 • 72 14 
2688 50 691 8.7 G5 3 1 1.650 425.24 2 . 10 51 
2692 45 700 8.8 G5 3 1 27.012 406.28 2 . 19 46 

2694 - 4 520 8.0 K5 3 1 41.744 299.80 . 34 - 4 
2703 8 461 8.2 KO 3 1 59.654 322.14 • 59 8 
2711 25 484 8.6 A5 3 2 33.845 353.25 1 . 06 25 
2712 27 477 8.5 AO 3 2 36.140 357.44 1.13 27 
2715 22 431 7.7 K5 3 2 46.879 347.72 • 97 22 

Position 1950 + T = Position 1950 + T (1st term) + Ti (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

1 
38 
43 
13 
48 

28 
54 
11 
23 
18 

48 
58 

3 
25 
51 

59 
20 
17 
19 
15 

28 
25 

6 
6 

47 

30 
43 
39 
28 
58 

36 
41 

2 
42 
37 

47 
55 
30 

3 
44 

8 
43 
16 
10 

8 

31 
50 
40 
40 
54 

1950 

9 . 92 
46 . 98 
19 . 66 
11 . 73 
40 . 30 

36 . 12 
13 . 51 
36 . 92 
42 . 85 

8 . 16 

9 . 47 
7 . 86 
8 . 20 

54 . 41 
16 . 48 

42 . 36 
41 . 21 
35 . 01 
33 . 44 
25 . 42 

1 . 28 
51 . 69 
24 . 54 

9 . 46 
50 . 82 

30 . 80 
56 . 68 
59 . 31 
21 . 85 
24 . 19 

49 . 29 
26 . 81 
15 . 83 
48 . 89 
52 . 93 

15 . 80 
15 . 40 
17 . 03 
46 . 86 
13 . 96 

27.46 
44 . 76 
33 . 93 
17 . 59 
36 . 65 

15 . 27 
4 . 75 

32 . 13 
35 . 41 

3 . 86 

Precession 

1st 2al No. Epoch 
Obs. 1900+ 

Term Term 

1525 . 5 -15 . 5 2 58 . 77 
1523 . 0 - 17 . 1 2 58 . 32 
1520 . 1 - 15 . 9 2 58 . 27 
1519 . 9 - 17 . 7 3 60 . 77 
1518 . 7 - 16 . 2 2 57 . 94 

1515 . 7 - 23 . 7 3 58 . 81 
1514 . 7 - 18 . 4 2 58 . 90 
1511 . 9 - 19 . 0 2 58 . 43 
1511 . 1 - 16 . 8 2 57 . 89 
1508 . 3 - 16 . 5 2 57 . 90 

1504 . 0 - 16 . 7 2 56 . 96 
1500 . 8 - 17 . 9 2 57 . 75 
1499 . 3 - 16 . 8 2 59 . 30 
1497 . 9 - 14 . 9 2 57 . 78 
1487 . 1 - 19 . 7 2 58 . 53 

1486 . 6 -20 . 9 2 58 . 43 
1484 . 0 - 15 . 9 2 59 . 31 
1483 . l - 16 . 7 2 57 . 78 
1478 . 7 - 33 . 7 2 59 . 34 
1477 . 3 - 17 . 9 2 58 . 92 

1472 . 5 - 16 . 7 2 58 . 00 
1472 . 0 - 17 . 0 2 58 . 39 
1468 . 0 - 16 . 4 2 57 . 78 
1464 . 8 - 20 . 5 2 58 . 32 
1464 . 3 -19.1 2 57 . 90 

1463 . 2 - 15 . 3 2 58 . 90 
1462 . 1 - 17 . 5 2 58 . 34 
1459 . 3 - 76 . 0 2 59 . 35 
1457 . 7 - 30 . 2 2 59 . 45 
1457 . 3 - 16 . 2 2 59 . 44 

1447 . 2 - 17 . 3 2 57 . 78 
1435 . 6 -18 . 3 2 57 . 40 
1432 . 2 -16 . 0 2 58 . 35 
1431 . 3 -33 . 4 2 58 . 30 
1431 . 3 - 18 . 0 2 57 . 90 

1429 . 4 -17 . 1 4 59 . 40 
1428 . 8 - 19 . 5 2 58 . 43 
1427.6 -20 . 4 2 58 . 84 
1419 . 9 -20.3 2 57 . 94 
1419 . 8 - 19 . 9 2 57 . 87 

1415 . 3 - 18 . 0 2 57 . 83 
1413 . 8 -17.1 2 58 . 89 
1412.3 - 17 . 4 2 58 . 42 
1410 . 9 -22 . 3 2 58 . 34 
1408 . 2 - 21 . 4 2 58 . 31 

1406.7 -15 . 9 2 58 . 43 
1404.8 -17 . 0 2 58 . 46 
1401 . 3 -18 . 7 2 57 . 93 
1401.1 -18 . 9 2 59 . 35 
1399 . 9 - 18.4 2 57 . 94 
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Precession Precession 
No. B.D. No. M+Sp. B.A. 1950 ll!lt 2ild Decl. 1950 1st 1ad 

No. Epoch 

Term Term Term Term Obs. 190o+ 

2718 17 489 8.4 A2 3 2 57.915 338.40 .82 17 59 12.27 1398.8 -18.0 2 58.30 
2720 58 556 7.6 KO 3 3 4.763 463.01 3.79 58 24 29.73 1398.1 -24.5 2 58.88 
2726 11 434 1.2 K5 3 3 33.433 326.80 .65 11 28 22.25 1395.1 -17.4 2 58.46 
2730 3 431 a.o A2 3 3 45.625 313.40 .48 3 37 3.95 1393.8 -16.7 2 58.31 
2731 53 616 8.4 AO 3 3 48.503 440.95 3.09 54 17 37.35 1393.5 -23.4 2 57.40 

2743 4 496 8.6 K2 3 4 36.862 315.47 .51 4 49 41.19 1388.4 -16.9 2 57.85 
2752 0 522 7.4 KO 3 5 4.965 309.37 • 44 1 12 53.03 1385.5 -16.6 2 56.95 
2754 12 441 a.2 KO 3 5 27.666 329.62 .68 12 58 44.69 1383.1 -17.7 2 58.42 
2781 - 3 502 a.a A5 3 6 56.616 301.51 • 36 - 3 25 25.51 1373.6 -16.3 2 57.83 
2800 6 492 8.3 KO 3 8 29.918 318.79 .54 6 40 44.33 1363.7 -17.3 2 57.93 

2807 73 171 6.7 MO 3 8 48.766 650.53 11.83 74 3 24.00 1361.7 -35.1 2 57.85 
2809 29 534 a.2 A2 3 8 55.428 363.15 1.19 29 38 39.21 1361.0 -19.7 2 57.81 
2813 7 481 8.4 B9 3 9 1.289 321 . 00 • 57 7 55 50.97 1360.4 -17.5 2 57.87 
2823 30 505 7.8 K2 3 10 7.034 366.27 1.24 30 52 57.88 1353.3 -20.0 2 57.96 
2825 24 451 a.a A2 3 10 11.384 353.99 1.03 25 19 43.13 1352.8 -19.3 2 58.34 

2840 63 404 8.8 B8 3 10 53.284 508 . 00 5.07 63 46 22.75 1348.3 -21.1 2 59.00 
2842 32 585 8.5 G5 3 11 3.623 372.41 1.34 33 20 29.87 1347.2 -20.4 2 57.81 
2850 8 480 8.2 G5 3 11 41.753 323 . 06 • 59 9 0 59.34 1343.1 -17.8 2 58.30 
2851 12 453 8.6 AO 3 11 42.o5a 330 .02 • 6 7 12 53 18.57 1343.0 -18.1 2 58.42 
2859 - 2 581 7.4 MO 3 12 4.525 302 . 96 • 37 - 2 31 5.10 1340.6 -16.7 2 59.33 

2861 59 616 7.3 KO 3 12 10.307 478.96 4.03 59 55 54.35 1340.0 -26.2 2 57.96 
2862 3 447 8.8 AO 3 12 18.269 314 .48 .49 4 6 55.43 1339.1 -17.3 4 59.46 
2863 15 453 8.0 GO 3 12 1.8.304 335.97 .75 16 4 16.16 1339.1 -18.5 2 58.45 
2873 41 641 8 .3 A5 3 12 49.967 396 . 01 1.79 41 40 35.32 1335.7 -21.8 2 57.94 
2880 - 1 466 8 .4 G5 3 12 58.589 306.17 .40 - 0 39 48.20 1334.8 -16.9 2 59.37 

2883 61 546 a.a KO 3 13 20-.796 491.53 4.40 61 32 45.34 1332.3 -21.0 2 58.34 
2893 2 510 8.8 K2 3 14 9.922 311 . 99 • 46 2 39 58.66 1327.0 -17.3 2 58.30 
2896 53 639 8.4 F8 3 14 13.663 443.74 2.92 53 42 42.66 1326.6 -24.5 2 57.41 
2902 81 107 1.0 MO 3 14 50.765 1019.07 39.59 81 58 13.96 1322.5 -56.1 2 57.28 
2917 42 738 8.4 KO 3 15 57.672 399 .49 1.83 42 25 45.19 1315.2 -22.2 2 57.37 

2922 67 256 7.2 KO 3 16 11.612 560.62 6.86 68 16 37.22 1313.6 -31.1 2 57.86 
2923 47 802 a . 2 AO 3 16 11.638 418.20 2 . 24 47 41 23.78 1313.6 -23.3 2 57.94 
2924 36 676 7.9 KO 3 16 15.596 382.55 1.48 36 41 44.43 1313.2 -21.3 2 57.97 
2932 45 740 7.5 K5 3 16 54.878 411.00 2.06 45 41 37.19 1308.9 -23.0 2 57.97 
2933 5 7. 715 7.8 KO 3 16 56 . 893 467.3R 3.52 57 41 40.99 1308.6 -26.l 2 59.32 

2934 19 507 8 .4 A2 3 16 59.697 344.36 . 85 20 5 48.84 1308.3 -19.3 4 59.62 
2937 0 565 7.5 KO 3 17 10.101 309.13 • 43 1 1 6.81 1307.2 -17.4 2 58.86 
2939 24 471 7.7 KO 3 17 29.946 353.25 .98 24 21 49.04 1305.0 -19.8 2 58.31 
2943 5 479 8.8 AO 3 17 36 . 177 318. 06 • 52 6 2 29.64 1304.3 -17.9 3 59.53 
2945 26 542 8.0 G5 3 17 38.803 358.47 1.05 26 44 51.34 1304.0 -20.1 2 58.90 

2946 82 82 7.3 KO 3 17 41.594 1178.08 55.78 83 21 7.44 1303.7 -65.5 2 58.41 
2953 - 4 570 8.6 G5 3 18 7.858 299 . 27 • 34 - 4 31 57.33 1300.8 -16.9 2 59.35 
2956 7 500 8. 2 B9 3 18 19.599 322 .12 .56 8 16 19.05 1299.5 -18.1 4 58.99 
2958 10 432 7.9 F8 3 18 34.929 326.11 . 61 10 27 3.82 1297.8 -18.4 2 57.85 
2980 48 904 8.0 K2 3 20 20.553 423.70 2.30 48 37 47.34 1286.0 -24.0 2 56.95 

2989 16 436 8 . 2 F5 3 21 3.250 337 . 85 • 75 16 32 41.31 1281.2 -19.2 2 57.87 
2991 19 523 6 . 9 K5 3 21 8.520 344 . 18 .83 19 43 49.42 1280.6 -19.6 2 57.39 
3000 14 559 8 . 3 A2 3 21 57.129 334 . 56 .70 14 47 52.66 1275.2 -19.1 2 58.36 
3007 62 566 7.3 G5 3 22 18.457 510.08 4.68 63 1 15.17 1272.8 -29.0 3 59.26 
3009 1 590 8.3 K5 3 22 20.380 310 . 57 .44 1 48 2.01 1272.6 -17.8 2 57.82 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch . 
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Precession 

No. B.D. No. M + Sp. R. A. 1950 1st 2nd Decl. 

Term Term 

3011 65 345 7.4 KO 3 22 21.512 539.60 5 . 71 66 
3012 55 785 7.4 K5 3 22 25.156 460.22 3 . 17 55 
3014 6 527 8.8 F8 3 22 26.373 320.41 . 54 7 
3042 - 0 546 7.1 KO 3 24 15 . 502 307.06 . 41 - 0 
3047 23 456 8.1 (i5 3 24 52 . 471 353.72 . 94 24 

3050 32 629 8.1 GO 3 25 2 . 898 374.08 1 . 25 32 
3052 39 789 7.3 KO 3 25 12 . 259 394.82 1 . 62 39 
3054 16 444 8.2 F2 3 25 19 . 227 339.21 . 75 16 
3069 15 493 8.2 FO 3 26 30 . 584 337 . 42 . 72 16 
3073 44 717 8 . 3 AO 3 27 9 . 163 411.08 1 . 92 44 

3075 57 727 8 . 8 K7 3 27 21 . 041 477 . 59 3 . 52 58 
3082 9 447 7 . 3 KO 3 27 42 . 949 326.42 • 59 10 
3091 7 514 8 . 4 K5 3 28 11 . 934 322 . 51 . 55 8 
3094 6 540 7.9 KO 3 28 21 . 131 320 . 32 • 53 7 
3108 18 494 8.1 AO 3 28 52 . 143 342 . 93 . 78 18 

3111 29 571 8 . 2 AO 3 29 5 . 394 367 . 94 1 . 13 29 
3117 27 519 8 . 5 K5 3 29 35.354 364 . 08 1 . 06 28 
3131 13 568 7 . 4 G5 3 30 34 . 459 333 . 05 . 66 13 
3136 62 581 8 . 1 K2 3 30 45 . 821 510 . 26 4 . 37 62 
3137 14 575 8 . 0 MO 3 30 48 . 249 334 . 84 . 68 14 

3141 73 188 8 . 2 K5 3 30 57 . 501 666 . 26 10 . 50 73 
3142 9 453 8.6 K2 3 31 1 . 411 325 . 16 • 5 7 9 
3161 2 563 8 . 2 KO 3 32 16 . 494 313 . 29 . 45 3 
3162 10 460 7 . 6 GO 3 32 19 . 366 327 . 86 . 60 10 
3167 46 774 7 . 4 G5 3 32 34.241 419 . 67 2 . 02 46 

3171 52 703 6 . 9 K5 3 32 41 . 419 448 . 06 2 . 63 52 
3172 79 106 8 . 6 KO 3 32 45 . 919 934.03 26 . 89 80 
3173 65 352 8 . 9 K2 3 33 0 . 729 543 . 83 5 . 36 65 
3181 8 537 7 . 7 KO 3 33 29 . 612 323 . 78 . 55 8 
3190 30 557 8 . 0 G5 3 34 0.859 371.76 1 . 15 30 

3199 36 732 7 . 2 G5 3 34 41.153 389 . 24 1 . 41 37 
3202 0 622 8.0 KO 3 35 3 . 639 309.13 • 42 0 
3206 60 720 8.1 KO 3 35 12 . 253 503 . 15 4 . 00 61 
3232 15 516 8.3 AO 3 37 10.702 338 . 85 . 70 16 
3234 26 596 8 . 5 A3 3 37 12 . 610 361.97 . 98 26 

3249 77 131 8 . 5 KO 3 38 6.239 815.04 17 . 69 77 
3252 34 712 7 . 8 KO 3 38 11.229 383.03 1 . 28 34 
3257 18 521 8.3 AO 3 38 33 . 465 345.34 . 77 19 
3259 38 788 8.1 KO 3 38 42 . 832 394.56 1 . 46 38 
3275 20 616 8.0 F8 3 39 46.107 349.58 . 81 21 

3280 11 510 8.2 F5 3 40 6.882 330.20 . 60 11 
3285 44 782 7 . 4 K5 3 40 37.287 415.95 l . tl2 44 
3300 48 987 8.0 KZ 3 41 32 . 674 430.89 2 . 09 48 
3301 - 2 707 8.5 KO 3 41 35 . 043 303.24 • 37 - 2 
3307 1 656 8.2 K2 3 42 4.607 310.75 • 42 1 

3309 31 644 7 . 9 K2 3 42 18.480 376.55 1 . 16 32 
3310 6 581 8 . 4 A2 3 42 22.640 319.85 . 50 6 
3318 2 603 7.8 K2 3 42 57.767 313.28 . 44 3 
3323 36 749 8 . 5 KO 3 43 12.204 390.58 1 . 35 36 
3326 10 479 7 . 7 G5 3 43 22 . 317 327.61 . 56 10 

Position 1950 + T = Position 1950 + T (1st term) + Tz (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

2 
58 
13 

8 
0 

38 
59 
59 

1 
39 

19 
17 
11 

1 
37 

50 
11 
36 
21 
30 

29 
31 
11 
52 
25 

46 
18 
38 
43 
57 

16 
57 

9 
11 
43 

54 
49 
13 
39 

7 

48 
43 
19 

7 
46 

7 
28 

5 
59 
23 

1950 

12 . 79 
0 . 87 
6 . 26 

51 . 74 
36 . 82 

20 . 10 
55 . 82 
42 . 91 
38 . 07 
45 . 49 

26 .44 
19 . 33 
55 . 39 
42 . 86 
52 . 0l 

14 • 16 
51 . 20 
54 . 76 
31 . 68 
39 . 85 

46 . 81 
0 . 44 

40 . 89 
47 . 33 

8 . 92 

o . 37 
46 . 59 
36 . 92 
18 . 54 
40 . 82 

3 . 64 
33 . 50 
39 . 69 
56 . 83 
36 . 04 

11 . 18 
14 . 57 
44 . 39 
53 . 68 
23 . 49 

8 . 16 
38 . 84 
52 . 14 
42 . 22 
56 . 32 

53 . 79 
49 . 73 

3 . 59 
35 . 04 
37 . 80 

Precession 

1st 2.nd. No. Epoch 

Term Term Obs. 1900+ 

1272 . 4 - 30 . 7 2 57 . 42 
1212 . 0 - 26 . 2 2 58 . 88 
1271 . 9 -18 . 3 2 58 . 90 
1259 . 6 - 17 . 7 2 57 . 38 
1255 . 4 - 20 . 4 2 56 . 95 

1254 . 2 - 21 . 5 2 58 . 77 
1253 . 2 - 22 . 9 2 58 . 99 
1 252 . 3 -1 9 . 6 2 57 . 84 
1244 . 2 - 19 . 5 2 57 . 84 
1239 . 8 - 23 . 8 2 57 . 40 

1238 . 4 - 27 . 6 2 58 . 30 
1235 . 9 - 19 . 0 2 58 . 86 
1232 . 6 - 18 . 8 2 57 . 88 
1231 . 5 - 18 . 7 2 57 . 94 
1228 . 0 - 20 . 0 2 58 . 76 

1226 . 4 - 21 . 5 2 58 . 88 
1223 . 0 - 21 . 3 2 58 . 43 
1216 . l -1 9 . 6 2 57 . 39 
1214 . 8 - 29 . 8 2 58 . 42 
1214 . 5 - 19 . 7 2 57 . 27 

12 13 . 4 - 38 . 9 2 57 . 85 
1213 . 0 - 19-1 3 58 . 83 
1204 . 3 -1 8 . 5 2 58 . 40 
1203 . 9 - 19 . 4 2 58 . 31 
1202 . 2 - 24 . 7 2 57 . 94 

1201 . 4 - 26 . 4 2 58 . 42 
1200 . 9 - 54 . 8 2 57 . 99 
1199 . 1 - 32 . 0 2 58 . 90 
1195 . 7 - 19 . 2 2 58 . 87 
1192 . 0 - 22 . 0 2 58 . 30 

1187 . 3 - 23 .1 2 58 . 46 
1184 . 7 - 18 . 4 2 57 . 86 
1183 . 7 - 29 . 8 2 57 . 84 
1169 . 7 - 20.3 2 57 . 39 
1169 . 5 - 21 . 7 2 57 . 39 

1163 . 1 - 48 . 6 2 57 . 29 
1162 . 5 - 23 . 0 2 58 . 76 
1159 . 9 - 20 . 8 2 57 . 83 
1158 . 8 -23 . 7 2 58 . 46 
1151 . 2 - 21 . 1 2. 57 . 88 

1148 . 8 -20 . 0 2 57 . 39 
1145 . 1 - 25 . 1 2 57 . 38 
1138 . 5 -26 . 1 2 57 . 87 
1138 . 2 - 18 . 4 2 58 . 31 
1134 . 7 - 18 . 9 2 58 . 88 

1133 . 0 - 22 . 8 2 58 . 88 
1132 . 5 - 19 . 5 2 57 . 86 
1 128 . 3 - 19.1 2 5 7 . tl9 
1126 . 5 - 23 . 8 2 58 . 39 
1125 . 3 - 20 . 0 2 58 . 99 



RESULTS OF OBSERVATIONS MAD E WITH THE REVERSIBLE MERID IAN CIRC LE, 1956-1961 

Precession 
No. B.D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term T e rm 

3327 46 795 7 . 4 K2 3 43 27.345 423 . 72 1 . 93 46 
3332 49 10 24 7 . 5 KO 3 43 57 . 380 440 . 31 2 . 24 50 
3333 84 66 8 . 4 MO 3 44 3 . 180 1494 . 86 78 . 23 84 
3335 4 588 8 . 6 AO 3 44 11 . 382 316 . 49 . 4 7 4 
3339 12 508 8 . 4 G5 3 44 38 . 70 4 331 . 64 . 60 12 

3343 66 290 7 . 2 G5 3 44 52 . 087 569 . 13 5 . 63 67 
3346 55 827 8 . 4 AO 3 45 6 . 764 470 . 34 2 . 86 55 
3349 26 617 7. 9 K2 3 45 17 . 456 362 . 61 . 94 26 
3354 30 576 9 . 0 GO 3 45 28 . 804 372 . 87 1 . 07 30 
3368 8 573 8 • 1 G5 3 46 48 . 62J 323 . 65 . 52 8 

33 7 8 15 537 8 . 1 F5 3 47 23 . 393 339 . 09 . 66 15 
3387 65 373 7 . 3 GO 3 48 4. 617 551 . 94 4 . 94 65 
3399 43 832 8 . 4 A2 3 48 39 . 449 4 13 . 95 1 . 67 43 
3401 11 530 8 . 4 GO 3 48 4 1. 183 331 . 03 . 58 11 
3403 75 151 8,2 MO 3 48 46 . 941 753 . 00 12 . 82 75 

3405 47 904 8 . 4 MO 3 48 57 .7 02 431 . 96 1 . 98 47 
3409 2 618 8 . 4 A2 3 49 8 . 696 312 . 47 • 42 2 
34 17 - 3 625 8 . 6 F5 3 49 36 . 212 300 . 3 1 . 34 - 3 
3425 22 588 8 . 6 K2 3 50 23 . 3 12. 355 .1 6 • 82 22 
3427 45 836 7 . 5 KO 3 50 29 . 557 421 . 62 1 . 77 45 

3434 49 1057 8 . 4 KO 3 50 55 . 308 440 . 10 2 . 10 4 9 
3435 14 624 8 . 1 G5 3 50 59 . 692 337 . 68 . 6 4 15 
3437 40 855 8 • 4 KO 3 51 11 . 688 406 . 22 1 . 51 4 1 
3440 62 622 8 • 1 GU 3 5 1 32 . 2U6 529 . 38 4 . 15 62 
3443 25 642 8 . 4 KU 3 5 1 39 . 65u 361 . 42 . 89 25 

344 5 16 528 8 . 5 B9 3 51 45 . 210 342 . 38 . 68 17 
3453 4 602 8 . 3 AO 3 52 3 . 141 316 . 85 . 45 4 
346 2 10 502 b . 5 G5 3 52 27 . 201 329 . 71 • 56 11 
34 70 33 747 8 . 1 GO 3 53 26 . 414 384 . 09 1 . 16 34 
3477 19 625 8 . 6 A2 3 53 58 . 191 348 . 65 . 73 19 

3478 2 628 1. 2 KO 3 54 0 . 884 313 -1 2 • 42 2 
3495 51 817 7 . 3 K2 3 55 5 . 611 450 . 24 2 . 22 51 
3496 1 5 557 7 . 9 G5 3 55 9 . 533 338 . 99 . 63 15 
3508 8 605 8 . 7 K5 3 56 3 . 814 325 . 23 . 51 8 
35 17 66 301 8 . 5 A2 3 56 20 . 249 576 . 16 5 . 27 66 

3520 45 858 8 • 6 AO 3 56 23 . 085 424 . 23 1 . 73 45 
3533 63 470 8 . 1 KO 3 57 6 . 470 545 -1 2 4 . 35 64 
3541 9 525 8 . 2 AO 3 57 48 . 53 0 327 . 67 • 52 10 
3542 13 627 7. 5 KO 3 57 49 . 024 335 . 49 • 59 13 
3543 47 927 6 . 9 KO 3 57 49 . 539 432 . 08 1 . 84 47 

3548 38 832 8 . o K2 3 58 14 . 941 399 . u5 1 . 32 38 
3565 6 617 8 . 4 G5 3 59 23 . 658 320 . 26 • 46 6 
35 76 18 574 8 . 8 G5 4 0 16 . 914 346 . 14 . 68 18 
3577 14 643 8 . 1 F8 4 0 17 . 84V 336 . 94 . 60 14 
3578 8 625 6 . 9 KO 4 C 27 . 818 325 . 14 . 50 8 

3583 2 641 7 . 4 K2 4 0 44 . 308 313 . 51 • 42 3 
3605 - 3 676 8 . 1 FO 4 2 l . b74 300 . 26 • 33 - 3 
3606 39 921 7 . 5 KO 4 2 5 . 554 405 . 51 1 . 36 40 
36 12 31 700 7 . 3 K5 4 2 24 . 009 378 . 28 1 . 0 1 31 
3613 22 629 8 . 5 KO 4 2 25 . 338 356 . 82 . 77 23 

Position 1950 + T = P osit ion 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centurie s from 1900. 0 , T' in centu ries from epoch. 

27 
12 
40 
43 
2 1 

0 
42 
26 
30 
18 

50 
22 
3 1 
55 
51 

57 
3 7 
33 
58 
2 1 

36 
2 

10 
59 
32 

11 
48 

9 
0 

56 

54 
21 
29 
53 
54 

33 
13 

1 
45 
18 

31 
23 
31 
20 
44 

3 
28 

9 
21 

2 

Preces sion 
1950 1st 2nd 

Term Term 

48 . 9U 1124 . 7 - 25 . 8 
36 . 62 1121 .1 - 26 . 8 
13 . 45 1120 . 4 - 90 . 6 
35 . 29 1119 . 4 - 19 . 4 
16 . 96 1116 . 1 - 20 . 3 

48 . 58 1114 . 5 - 34 . 7 
57 .1 3 1112 . 7 - 28 . 7 
1 0 . 78 1111 . 4 - 22 . 2 
14 . 78 1110 . 0 -22 . 9 
56 . 52 1100 . 3 - 19 . 9 

58 . 38 1096 .1 - 20 . 9 
57 . 17 1091 . ü - 34 . ù 
23 . 32 1086 . 8 - 25 . 6 
19 . 11 1086 . 6 - 20 . 5 
22 . 80 1085 . 9 - 46 . 4 

45 . 27 1084 . 5 - 26 . 7 
6 . 48 1083 . 2 - 19 . 4 

55 .7 5 1079 . 8 - 18 . 7 
33 . 57 1074 . 0 - 22 . 1 
53 . 71 1073 . 3 - 26 . 2 

19 . 27 1070 . 1 - 27 . 3 
1 5 . 49 1069 . 5 - 21 . 0 
31 . 55 1068 . l - 25 . 3 
39 . 64 1065 . 5 - 32 . 9 
23 . 05 1064 . 6 - 22 . 5 

51 . 32 1063 . 9 - 21 . 4 
14 . 02 1061. 7 - 19 . 8 
31 . 87 1058 .7 - 20 . 6 
38 . 98 1051 . 4 - 24 . 1 
22 . 89 1047 . 5 -21 . 9 

50 . 02 1047.1 - 19 . 7 
24 . 02 1039 . 1 -28 . 3 

7 . 52 1038 . 6 - 21 . 4 
3 . 23 1031 . 8 - 20 . 5 

22 . 11 1029 . 7 - 36 . 2 

25 . 43 1029 . 4 - 26 . 7 
4 . 31 1024 . 0 -34 . 4 

38 . 61 1018 . 7 -20 . 8 
8 . 23 1018 . 7 - 21 . 3 

39 . 19 1018 . 5 -27 . 3 

34 . 59 1015 . 4 -25 . 3 
8 . 29 1006 . 7 - zu . 4 

52 . 83 1000.0 -22 . 1 
46 . 96 999 . 9 -21 . 5 
43 . 37 998 . 6 -20 . 8 

2 . 67 996 . 6 -20 . 0 
30 . 95 986 . 7 -19 . 3 
59 . 99 986 . 2 -25 . 9 
44 . 27 983.8 -24 . 3 

1 . 56 983 . 7 - 22.9 

111 

No. Epoch 
Obs. 1900+ 

2 59 . ü3 
2 58 • 88 
2 58 . 28 
2 59 . 34 
2 57 . 90 

2 57 . 87 
2 57 . 94 
2 58 . 89 
2 58 . 91 
2 58 . 45 

2 57 . 94 
4 59 . 14 
2 57 . 42 
2 57 . 89 
2 57 . 98 

2 58 . 90 
2 59 . 35 
2 59 . 32 
2 59 . 02 
2 57 . 96 

2 58 . 94 
2 58 . 40 
2 59 . 47 
4 59 . 40 
2 58 . 99 

2 58 . 30 
2 59 . 33 
2 58 . 92 
2 57 . 29 
2 57 . 39 

2 58 . 30 
2 57 . 96 
4 59 . 10 
4 59 . 16 
2 58 . 28 

2 57 . 42 
4 59 . 14 
2 58 . 30 
2 5 7 • 8 5 
2 57 . 96 

2 57 . 53 
2 5 7 . 4t!. 
2 57 . 84 
2 58 . 31 
2 58 . 89 

2 57 . 96 
2 57 . 96 
2 57 . 85 
2 57 . 88 
2 57 . 99 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2.nd Decl. 

Term Term 

3618 76 149 8.6 G5 4 2 52 . 7tl5 tl06 . 64 13.56 76 
3629 - 0 642 8.4 G5 4 3 35 . 40ù 307.01 . 37 - 0 
3631 21 591 a. o K2 4 3 36 . 82L 354 . 08 .74 21 
3646 7 597 8 . 4 KO 4 4 12.378 323 . 88 • 48 8 
3661 3 563 8.4 F5 4 5 15 .41 5 315 . 86 • 42 4 

3668 25 678 7.6 KO 4 5 36 . 812 363.90 .82 25 
3672 9 543 6.8 MO 4 5 57 . 977 327 . 97 .5 0 9 
3691 55 852 7 . 5 K5 4 7 13.524 480.49 2.53 55 
3705 13 651 8.6 KO 4 8 10.469 337 . 08 . 57 14 
3708 21 603 8 .7 G5 4 8 24 . 151 354 . 88 .72 21 

3710 1 713 7.8 MO 4 8 33 . 316 311 . 85 • 39 2 
3715 36 844 8 . o KO 4 8 57.513 395 .41 1.16 36 
3721 69 243 7.7 KO 4 9 8.021 621.69 5.91 69 
3728 47 953 8 . 8 K2 4 9 25 . 034 437 .77 1.75 47 
3729 17 694 8 . 2 K2 4 9 45.369 345 .14 .6 3 17 

3732 33 811 8 .4 G5 4 9 47 .4 37 386.08 1.03 33 
3737 10 548 7 . 8 F2 4 10 1.467 330 .46 .51 11 
3742 28 632 8 . 3 MO 4 10 17 . 607 373 . 06 .89 28 
3743 39 956 7.3 K5 4 10 20 . 856 405.29 1.26 39 
3746 44 881 8 . 0 A5 4 10 40.129 424.48 1.52 44 

3758 14 672 8 . 3 KO 4 11 30 .428 337 . 91 . 56 14 
3766 7 620 8 . 1 GO 4 12 21 . 682 322.57 .45 7 
3772 8 656 8.7 AO 4 12 36 . 222 324 .7 3 .46 8 
3784 61 690 7.8 MO 4 13 16.078 534 . 00 3.45 62 
3788 25 690 7.8 K5 4 13 38 .1 91 366 . 21 . 80 26 

3796 74 197 8 . 0 K5 4 14 7.590 739 . 85 9.44 74 
3806 52 806 8 . o K2 4 14 41.046 465.40 2 . 09 52 
3807 2 673 7.6 G5 4 14 41 . 076 312 . 36 • 38 2 
3809 19 692 7 . 5 KO 4 14 43 . 150 349.59 .64 19 
3812 21 617 8 . 4 F5 4 14 52 . 895 356 . 30 .7 0 22 

3814 17 702 8 . 6 FB 4 15 1 . 054 344.60 .6 0 17 
3827 5 622 8 . 3 F2 4 15 54 . 759 319.09 • 42 5 
3832 30 651 7 •. 8 K5 4 16 20 . 859 378.87 . 90 30 
3844 12 577 7 . 7 KO 4 16 59 . 663 335.04 . 52 12 
3848 63 494 8 . 8 KO 4 17 5.136 551 . 04 3 . 69 63 

3857 68 319 8.9 G5 4 17 44 . 846 611 . 40 5 .1 2 68 
3860 27 656 8.0 K2 4 18 10.259 369.41 . 80 27 
3864 0 734 7.8 K2 4 18 29 . 741 309.60 . 36 1 
3866 - 4 806 7 . 6 G5 4 18 31 . 812 299 . 23 . 30 - 3 
3881 32 778 7 . 1 K5 4 19 21.664 383.93 . 93 32 

3885 - 0 690 7 . 9 KO 4 19 54 . 921 305.92 • 33 - 0 
3889 - 2 883 8 . 4 A2 4 20 11 . 195 302.33 . 32 - 2 
3900 7 637 8 . 4 G5 4 20 54 . 898 324.26 .43 7 
3912 44 942 7.5 K2 4 21 36 . 254 425.68 1.38 44 
3920 25 710 7 . 9 F5 4 22 7.578 365.69 .7 4 25 

3922 46 882 7.7 K5 4 22 13.849 437.52 1.53 46 
3925 29 712 8.3 KO 4 22 29.993 375.94 . 83 29 
3929 5 649 7 .4 KO 4 22 57 . 106 319.13 . 40 5 
3933 51 924 1 . 0 K5 4 23 8 . 742 462.69 1 . 87 51 
3938 0 754 8.8 K2 4 23 28 . 288 308.54 . 34 0 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

51 
9 

49 
3 
9 

44 
58 
46 

8 
55 

11 
41 
22 
46 
42 

36 
2 

59 
33 
37 

25 
17 
18 
13 
14 

32 
51 
24 
26 
13 

16 
35 
45 
57 
42 

22 
13 

4 
50 
21 

40 
21 
56 
15 
38 

56 
24 
31 
53 
34 

1950 

43.98 
18.72 
21.67 
30.28 
54.54 

45.66 
6.23 

52.47 
55.15 
57.19 

23.10 
7.1 0 

48.32 
49.74 
26 .93 

55.42 
40.79 
47.71 
14.66 
26 .00 

24.38 
24.10 
18.68 
26 . 66 

6.09 

29.37 
10.61 
28.04 
21.44 
57.45 

40.82 
48.97 
48.50 
59.37 
52 .77 

35 . 33 
56 . 42 
35 . 22 
12 . 88 

5 . 00 

5 . 06 
36 . 62 
36 . 30 

4 . 17 
8.94 

43.82 
48 . 88 
56 . 45 
25 . 21 

5 . 72 

Precession 

1st 2.nd No. Epoch 

Term Term Obs. 1900+ 

980.2 -51.5 2 58.28 
974.8 -19.8 2 58.42 
974.6 -22.8 2 58.86 
970.1 - 20 .9 2 58.43 
962.l -2 0 .4 2 57.97 

959.3 -23.5 2 57.85 
956.6 -21.2 2 57.99 
946.9 -31.1 2 56.94 
939.6 -21.9 2 57.82 
937.8 -23.1 2 58 . 34 

936.7 -20.3 2 58.43 
933.5 -25.7 2 58.86 
932.2 -40.3 2 58.32 
930.0 -28.5 2 59.02 
927.3 -22.5 2 59.34 

927.1 -25.2 2 58.99 
925.2 -21.6 2 58.90 
923.2 - 24.3 2 57.95 
922.8 -26.4 2 59.34 
920.3 -27.7 2 58.b.4 

913.8 -22.1 2 58.34 
907. 1 -21.2 2 57.89 
905.2 -21.3 2 57.81 
900.0 -35.0 2 57 .51 
897.1 -24.1 2 57 . 86 

893.3 -48.5 2 58.30 
888.9 -30.6 2 57.83 
888 .9 -20 .6 2 57.99 
888.7 -23. 0 2 58.34 
887.4 -2 3 .5 2 57.99 

886 .3 -22.7 2 58.tl6 
879.3 - 21 .1 2 57.39 
875 .9 - 25 .0 2 58.32 
870.8 -22. 2 2 57.53 
870 .1 - 36 .4 2 58 . 00 

864 .9 -40 .4 2 58.34 
861 .4 - 24 . 5 2 57.99 
858 . 9 - 20 . 6 2 58 . 86 
858 . 7 - 19 . 9 2 57.99 
852 .1 - 25 . 5 2 56.96 

847 . 7 - 20 . 4 2 57 . 41 
845 . 5 - 20 . 2 2 59 . 02 
839 . 8 - 21 . 6 2 58 . 44 
834 . 3 -28.4 2 56 . 96 
830 . 2 - 24 .4 2 57 . 85 

829 . 3 - 29 . 2 2 58.34 
827 . 2 -25.1 2 56 . 98 
823 . 6 -21.4 4 58 . 15 
822 . 0 -30.9 2 58 . 87 
819 . 4 -20.7 2 57 . 99 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

3940 55 8 8 2 8.5 K5 4 23 37.175 488.63 2.27 56 
3943 47 993 8.7 B5 4 23 53.372 443.75 1.59 48 
3944 - 0 702 7.4 K2 4 23 54. 00 1 3 06. 0 0 .33 - 0 
3963 23 698 8.8 MO 4 25 19. 00 3 361.83 .68 24 
3965 11 616 7.7 KO 4 25 37.4 0 8 332.36 • 4 7 11 

3978 75 182 8.0 KO 4 26 20.606 796.30 10.12 75 
3991 35 875 8.2 K2 4 27 9.245 396.55 .98 36 
3993 15 635 8.1 MO 4 27 13.603 342.69 .53 16 
399,½ - 4 851 8.1 KO 4 27 14.825 297.22 .29 - 4 
3997 41 884 8.0 G5 4 27 29.079 417.46 1.21 41 

3999 8 702 8.8 K5 4 27 39.545 326.41 .42 8 
4007 82 118 8.3 MO 4 28 29.421 1228.00 30.48 82 
4008 2 726 8.8 KO 4 28 32.126 313.37 • 35 2 
4022 52 843 7.6 K5 4 29 21.756 4&9.19 1.84 52 
4023 59 811 8.0 FO 4 29 21.871 515.60 2.57 59 

4034 12 606 8.6 F8 4 30 8.491 334.66 .47 12 
4040 34 891 8.5 AO 4 30 48.085 392.92 .91 34 
4047 - 4 865 8.0 KO 4 31 5.590 298.50 .29 - 4 
4049 1 768 8.7 KO 4 31 11.683 311.0l .34 1 
4054 20 776 8.7 GO 4 31 37.805 354.86 .59 21 

4055 7 667 8.2 A2 4 31 39.698 324.91 .40 8 
4065 76 165 8.1 KO 4 32 1.730 838.64 10.89 76 
4066 37 941 7.8 K2 4 32 ;3.110 402.04 .99 37 
4068 44 991 7.3 K5 4 32 8.446 431.73 1.31 45 
4072 - 0 724 8.4 K5 4 32 18.919 306.44 .31 - 0 

4073 32 815 8.2 F8 4 32 21.982 386.24 .84 32 
4076 21 668 8.1 KO 4 32 37.895 357.23 .60 21 
4090 25 720 7.5 K2 4 34 20.786 367.00 .66 25 
4091 58 761 8.0 B5 4 34 20.913 510.82 2.34 58 
4093 10 598 7.8 AO 4 34 22.574 330.93 • 43 10 

4096 45 969 1.0 KO 4 34 26.978 436.77 1.33 46 
4101 66 336 8.8 AO 4 34 47.709 597.36 3.90 66 
4102 56 954 8.0 G5 4 34 49.404 495.70 2.10 56 
4105 42 1015 8.1 KO 4 34 53.196 422.90 1.17 42 
4112 8 728 7.7 KO 4 35 32.200 326.17 .40 8 

4114 18 666 8.4 AO 4 35 36.162 349.36 .53 18 
4118 52 866 7.7 G5 4 36 0.987 471.21 1.73 52 
4121 6 730 8.4 MO 4 36 5.014 322.03 .38 6 
4123 11 636 8.7 AO 4 36 9.065 333.62 • 44 11 
4126 50 1028 8.2 KO 4 36 23.464 461.53 1.60 51 

4132 39 1042 7.4 K2 4 36 39.245 410.97 1.02 39 
4139 17 762 7.8 KO 4 36 58.791 346.46 .51 17 
4141 64 470 8.7 AO 4 37 10.092 575.36 3.36 65 
4142 80 147 7.7 KO 4 37 11.194 1050.35 18.46 80 
4147 36 924 8.4 A3 4 37 23.814 400.71 .92 36 

4150 87 33 8.6 F2 4 37 41.965 4169.41 422.78 88 
4155 - 2 982 8.2 G5 4 38 25.553 302.85 .29 - 2 
4156 78 162 8.5 F8 4 38 26.596 909.51 12.48 78 
4162 26 735 8.9 G5 4 38 49.505 370.87 .66 26 
4178 25 725 8.8 K5 4 40 0.380 368.97 .63 26 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epocb. 

4 
11 
37 

0 
33 

55 
0 
3 

42 
52 

49 
23 
48 
42 
22 

28 
41 

5 
42 

0 

5 
52 
23 

6 
24 

28 
55 
37 
33 
44 

8 
46 
32 
52 
35 

38 
43 
43 
53 

0 

41 
23 

0 
27 
45 

8 
2 

15 
53 

8 

Precession 
1950 1st 2nd 

Term Term 

5.64 818.2 -3 2 .7 
10.77 816.l - 29.7 
22.23 816.0 -20.5 
29. 00 804.7 -24.3 
21.90 802.2 -22.4 

22.20 796.4 -53.4 
5.05 789.9 -26.7 

48.35 789.3 -23.1 
19.11 789.2 -20.1 
7.59 787.3 -28.1 

26.67 785.9 -22.1 
2. 3!t 779.2 -82.6 

28.76 778.8 -21.2 
1.09 772.1 -31.7 

24.82 772.1 -34.8 

46.86 765.9 -22.7 
47.72 760.5 -26.7 

o.56 758.2 -20.3 
23.29 757.3 -21.1 
11.25 753.8 -24.1 

2.37 753.6 -22.1 
26.47 750.5 -56.8 
48.24 750.4 -27.3 
45.70 749.7 -29.3 
38.18 748.3 -20.9 

40.68 747.8 -26.3 
8.66 745.7 -24.3 

40.20 731.8 -25.1 
46.90 731.7 -34.8 
30.95 731.5 -22.6 

4.31 730.9 -29.8 
11.65 728.1 -40.7 
22.51 727.9 -33.8 
11 .65 727.3 -28.9 
44.89 722. 0 -22.3 

7.01 721.5 -23.9 
20.16 718.1 -32.2 
20.01 717 .6 -22.1 
57.92 717. 0 -22.9 
37.62 715.1 -31.6 

29.81 712.9 -28.1 
32.90 710.3 -23.8 

0.12 708.7 -39.4 
4.54 708.6 -71.8 

15.10 706.8 -27.5 

41.96 704.3-284.6 
44.42 698.4 -20.8 

3.90 698.3 -62.3 
9.78 695.1 -25.5 

58.93 685.4 -25.4 
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No. Epocb 
Obs. 1900+ 

2 58.88 
2 58.43 
2 57.99 
2 57.95 
2 57.27 

2 57.83 
2 58.34 
2 58.32 
2 58.43 
2 59.0l 

2 59.02 
2 57.85 
2 58.43 
2 57.39 
2 57.95 

4 57.97 
2 58.34 
2 58.39 
2 58.43 
4 59.94 

2 59.33 
2 57.83 
2 56.97 
2 59.01 
2 58.42 

2 58.42 
2 57.40 
2 59.32 
2 58.30 
2 57.86 

2 56.97 
4 59.89 
2 58.42 
2 57.53 
2 58.47 

2 59.0l 
2 57.93 
2 58.29 
2 58.44 
2 57.83 

2 57.53 
2 58.58 
2 58.42 
2 57.99 
2 57.90 

2 57.97 
2 58.30 
2 58.89 
4 59.95 
2 58.65 
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Precess ion 

No. B.D. No. M + Sp. R.A . 1950 1st 2nd Decl. 

Terrn Term 

4180 17 774 8 . 1 K5 4 40 5 . 173 346.24 • 49 17 
4191 61 727 8 . 4 K5 4 40 44 . 401 539 . 47 2 . 60 61 
4203 - 4 928 8 . 6 A3 4 41 21 . 109 297 . 66 . 27 - 4 
4204 21 692 8 . 3 A2 4 41 24 . 033 357.06 . 55 21 
4205 - 3 869 8 . 1 KO 4 41 36 . 308 300 . 16 . 27 - 3 

4212 55 922 7 . 2 KO 4 42 14 . 303 491 . 10 1 . 85 55 
4226 70 320 7 . 7 G5 4 43 8 . 035 662 . 42 4 . 80 70 
4236 19 777 8 . 4 K2 4 43 39 . 835 351 . 81 . 50 19 
4237 6 752 8 . 8 AO 4 43 41 . 322 321 . 50 • 35 6 
4241 59 831 7 . 9 K2 4 44 8 . 260 521 . 08 2 . 21 59 

4244 72 238 8 . 5 K5 4 44 12 . 814 716 . 37 5 . 95 72 
4246 0 845 8 . 2 KO 4 44 19 . 224 308 . 49 . 30 0 
4253 12 649 8 . 2 GO 4 44 51 . 534 336 . 60 • 42 13 
4262 53 817 7 . 7 K5 4 45 29 . 115 480 . 26 1.64 53 
4266 - 0 774 8 . 2 K5 4 45 42 . 513 306 . 27 . 29 - 0 

4269 56 975 8 . 6 K7 4 45 45 . 766 498 . 60 1 . 86 56 
4274 - 2 1021 8 . 8 FO 4 45 51 . 843 303 . 01 . 27 - 1 
4277 7 725 7 . 2 K5 4 45 58 . 621 324 . 58 • 36 7 
4281 28 698 7 . 6 KO 4 46 7 . 748 375 . 47 . 64 28 
4284 11 655 8 . 2 A3 4 46 22 . 084 333 . 73 . 4v 11 

4288 3 684 8 . 3 KO 4 46 38 . 519 314 . 38 . 31 3 
4291 50 1070 7 . 4 MO 4 46 48 . 685 460 . 26 1 . 38 50 
4293 13 720 7 . 4 K2 4 47 5 . 813 338 . 04 . 42 13 
4325 4 768 8 . 2 KO 4 49 32 . 331 317 . 59 . 32 4 
4329 60 843 8 . 6 AO 4 49 46 . 750 532 . 56 2 . 20 60 

4333 8 789 8 . 7 KO 4 49 58 . 884 325 . 88 . 35 8 
4340 36 958 7 . 3 G5 4 50 34 . 767 402 . 31 . 79 36 
4341 18 747 7 . 6 K5 4 50 39 . 698 351 . 23 • 47 18 
4343 45 999 7 . 7 GO 4 50 54 . 192 437 . 62 1 . 08 45 
4353 43 1124 7.0 K5 4 51 40 . 610 427 . 85 . 99 43 

4361 41 1003 8 . 5 G5 4 52 1 . 667 422 . 56 . 94 42 
4367 71 280 8 . 5 K2 4 52 26 . 792 685 . 19 4 . 63 71 
4374 - 0 802 8 . 4 B9 4 52 48 . 976 306 . 36 . 27 - 0 
4375 47 1076 8 . 5 B9 4 52 59 . 442 445 . 80 1 . 13 47 
4377 13 737 7 . 8 B9 4 53 2 . 930 338 . 17 • 39 13 

4378 7 756 8.8 F5 4 53 11 . 969 323 . 78 • 33 7 
4384 33 926 8 . 0 G5 4 53 34 . 793 393 . 37 . 70 33 
4385 - 4 978 8 . 0 K2 4 53 34 . 792 298 . 41 . 24 - 3 
4387 37 996 9 . 1 F8 4 53 35 . 336 406 . 61 . 79 37 
4394 5 773 8 . 6 A3 4 54 11 . 824 320.69 . 31 5 

4403 34 930 8 . 8 A2 4 55 0 . 308 397.35 . 71 35 
4407 - 4 987 7.7 G5 4 55 19 . 867 296. 71 . 24 - 4 
4409 18 765 8 . 9 F2 4 55 25 . 612 351 . 31 • 44 18 
4415 57 849 tl • 7 AO 4 56 0 . 129 511 . 60 1 . 75 57 
4426 61 746 8 . 7 AO 4 56 46 , 311 549,96 2 . 19 62 

4438 65 449 7.7 KZ 4 57 34 , 297 589,67 2 , 70 65 
4455 82 132 8.1 G8 4 58 21. 36 7 1278 . 76 21 . 96 82 
4457 15 719 7 . 8 K2 4 58 28 . 913 343.47 , 39 15 
4462 53 842 8 , 3 K5 4 58 45 , 357 482,69 1 . 37 53 
4473 77 179 8 , 8 F5 4 59 18 . 404 910.78 9 . 14 77 

Position 1950 + T = Position 1950 + T (1st ter m) + T 2 (2nd term) + T' (P . M.) . 

Tin centuries from 1900. 0, T' in centuries from epoch. 

13 
33 
23 
33 
15 

33 
26 
24 
24 
24 

49 
3 1 

1 
47 
28 

29 
57 
45 
15 
45 

11 
19 
36 
36 
30 

16 
40 
59 
36 
20 

2 
18 
25 
15 
33 

19 
53 
58 
47 
57 

3 
43 
55 
50 

4 

29 
26 
40 
41 
56 

1950 

3 . 41 
52 . 01 
29 . 60 
56 . 91 
30 . 74 

54 . 13 
18 . 84 
18 . 62 
22 . 20 
36 . 83 

50 . 34 
43 . 54 
36 . 42 
21 . 87 
41 . 52 

11 . 04 
12 . 25 
11 . 25 
53 . 02 
55 . 85 

0 . 20 
26 . 37 
14 . 17 
34 . 24 
24 . 22 

57 . 27 
34 . 57 
30 . 25 

2 . 40 
15 . 72 

3-6 . 17 
21 . 70 
54 . 30 
42 . 81 

8 . 24 

32 . 67 
58 . 71 
54 . 31 
18 . 52 
10 . 97 

34 . 96 
50 . 42 

3 . 94 
21 . 96 
54 , 22 

48 , d 
47 . 68 
19 . 87 
15 , 97 
13 • .28 

P r ecession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

684 . 8 - 23 . 9 2 57 . 90 
679 . 4 - 37 . 1 2 58 . 86 
674 . 4 - 20 . 6 2 58 . 95 
674 . 0 - 24 . 7 2 56 . 95 
672 . 3 - 20 . 8 2 59 . 33 

667 . 1 - 33 . 9 2 58 . 90 
659 . 7 - 45 . 7 2 59 . 91 
655 . 3 - 24 . 4 2 58 . 92 
655 . 1 - 22 . 3 2 59 . 00 
651 . 4 - 36 . 1 2 58 . 99 

650 . 7 - 49 . 5 2 58 . 00 
649 . 9 - 21 . 4 2 58 . 30 
645 . 4 - 23 . 4 2 58 . 38 
640 . 2 - 33 . 3 2 57 . 53 
638 . 4 - 21 . 3 2 58 . 43 

637 . 9 - 34 . 6 2 58 . 90 
637 . 1 - 21 . 1 2 58 . 95 
636 .1 - 22 . 6 2 58 . 31 
634 . 9 - 26 . 1 2 59 . 92 
632 . 9 - 23 . 2 2 59 . 90 

630 . 6 - 21 . 9 2 58 . 34 
629 . 2 - 32 . 0 2 58 . 98 
626 . 9 - 23 . 5 2 57 . 40 
606 . 5 - 22 . 2 2 56 . 98 
60 4. 5 - 37 . 1 2 57 . 99 

602 . 8 - 22 . 8 2 58 . 87 
597 . 9 - 28 . 1 2 57 . 90 
597 . 1 - 24 . 6 2 58 . 39 
595 . 2 - 30 . 6 2 58 . 90 
588 . 7 - 29 . 9 2 57 . 53 

585 . 8 - 29 . 6 2 56 . 96 
582 . 2 - 47 . 9 2 57 . 99 
579 . 2 -21 . 5 2 57 . 51 
577 . 7 - 31 . 2 2 58 . 43 
577 . 2 - 23 . 7 2 58 . 87 

576 . 0 - 22 . 7 2 58 . 42 
572 . 8 - 27 . 6 2 58 . 48 
572 . 8 --21 . 0 2 58 . 57 
572 . 7 - 28 . 5 2 58 . 34 
567 . 6 - 22 . 5 2 57 . 93 

560 . 8 - 27 . 9 2 57 . 41 
558 . 1 - 20 . 9 2 58 . 31 
557 . 3 - 24 . 7 2 57 . 95 
552 . 4 - 36 . 0 2 57 . 99 
545 . 9 - 38 , 7 2 58 . 34 

539 , 2 - 41 , 5 3 56 , 99 
532 . 6 - 90 . 0 2 57 , 99 
531 . 6 - 24 , 2 2 58 . 87 
529 , 2 - 34 . 0 3 58 , 81 
524 . 6 -64 . 2 2 59 , 08 



RESULTS OF OBSERVA T IONS MAD E WITH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

P recession 
No. B.D . No . M + Sp . R.A. 1950 1st 2nd Decl. 

Term Te rm 

4475 86 65 8 . 5 GO 4 59 19 . 657 2618 . 52 112 . 07 86 
4482 73 269 7 . 9 KO 5 0 11 . 251 758 . 24 5 . 45 74 
4485 47 1089 7 . 2 KO 5 0 18 . 416 448 . 70 1 . 03 47 
4488 59 847 8 . 1 KO 5 0 31 . 306 532 . 01 1 . 85 60 
4498 6 819 7 . 5 KO 5 1 4 . 368 322 . 21 . 30 6 

4507 83 129 8 . 6 G8 5 1 40 . 767 1438 . 26 27 . 49 83 
45 15 55 956 7 . 7 F8 5 2 24 . 154 494 .1 4 1 . 40 55 
4529 51 1027 7 . 9 K5 5 3 6 . 406 470 . 98 1. 17 5 1 
4530 58 807 7 . 6 G5 5 3 8 . 592 518 . 92 1. 63 58 
4531 35 976 7 . 7 GO 5 3 9 . 741 399 . 71 . 65 35 

4533 5 805 8 . 6 K5 5 3 19 . 741 320 . 00 . 28 5 
4534 3 767 7 . 6 KO 5 3 27 . 202 315 .7 6 . 2 7 3 
4537 - 1 800 7 . 8 G5 5 3 37 . 927 304 . 36 . 24 - 1 
4541 26 787 8 . 2 5 3 58 . 377 3 73 .1 9 .49 26 
4546 0 945 8 . 1 G5 5 4 14 . 209 308 . 71 . 25 0 

4548 32 892 7 . 8 KO 5 4 21 . 553 390 . 59 . 58 32 
4561 15 749 7 . 2 K2 5 5 13 . 574 344 . 04 • 36 15 
4577 18 783 7 . 8 G5 5 6 15 . 710 351 . 8 1 . 38 1 8 
4585 14 840 8 . 0 MO 5 6 39 . 392 340 .45 . 34 14 
4586 65 459 8 . 4 AO 5 6 42 . 565 598 . 75 2 . 41 65 

4593 52 930 8 . 4 AO 5 7 0 . 73ù 478 .1 0 1 . 15 52 
4605 39 1198 8 . 2 G5 5 7 35 . 199 413 . 5 4 . 69 39 
4626 24 7 82 8 . 2 FO 5 9 8 . 490 365 . 96 . 42 2 4 
4633 33 973 8 . 7 G5 5 9 26 .4 u9 395 . 37 • 56 34 
4648 61 771 8 . 9 G5 5 10 4 . 116 545 .48 1. 68 6 1 

4653 3 812 8 . 1 GO 5 10 47 . 229 315 . 61 . 25 3 
4662 41 1124 7 . 9 KO 5 11 18 . 050 421 . 99 . 69 4 1 
4 686 8 904 8 . 2 K2 5 12 55 . 500 327 . 50 . 21 8 
4702 12 758 7 . 9 KO 5 14 3 . 949 336 . ü l . 29 12 
4705 45 1084 7 . 1 K5 5 14 6 . 8{) 3 443 . 28 . 77 46 

4711 - 2 1201 8 . 6 A2 5 14 40 .1 52 302 . 72 . 21 - 2 
4713 57 873 8 . 5 F5 5 14 42 . 022 517 . 47 1 . 29 58 
4716 47 1124 8 . 3 A2 5 14 47 . 558 449 . 20 . 8ù 47 
4729 39 1251 7 . 6 K5 5 15 45 . 493 415 . 53 . 59 39 
4730 0 1003 8 . 0 AS 5 15 48 . 04v 308 . 56 . 22 0 

4733 14 873 8 . 3 A3 5 16 16 . 923 341 . 11 . 30 14 
4742 15 787 8 . 1 AO 5 16 46 . 745 344 . 31 . 30 1 5 
4746 - 4 1102 8 . 6 AO 5 17 2 . 324 297 . 25 . 19 - 4 
4749 - 1 860 8 . 3 AO 5 17 6 . 328 304 . 67 . 21 - 1 
4758 34 1004 7 . 8 Ki 5 17 31 . 457 396 . 64 • 49 34 

4759 67 380 8 . 4 KO 5 17 37 . 371 624 . 61 2 . 18 67 
4772 4 905 8 . 6 B8 5 18 24 . 371 317 . 5 1 . 23 4 
4775 73 285 6 . 6 MO 5 18 40 . 730 755 . 73 3 . 69 73 
4780 22 884 9 . 3 KO 5 18 56 . 999 362 . 88 . 35 22 
4783 3 864 7 . 8 K5 5 19 27 . 691 315 . 43 . 22 3 

4798 52 955 7 . 6 K2 5 20 28 . 837 476 . 94 . 86 52 
4800 6 915 8 . 2 G5 5 20 30 . 204 323 . 51 . 23 7 
4801 1 992 7 . 5 K2 5 20 30 . 908 310 . 18 . 21 1 
4804 18 839 7 . 4 K2 5 20 34 . 767 351 . 52 . 30 18 
4807 - 1 879 8 . 2 AO 5 20 55 . 553 304 . 92 . 20 - 1 

Position 1950 + T = P os ition 1950 + T (1st t e rm) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900 . 0 , T' in c entu ries from epoch . 

48 
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35 
6 

34 

28 
17 
38 
31 
29 

35 
43 
18 
55 
36 

4 1 
47 
53 
17 
57 

42 
13 
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1 
17 

37 
16 
46 
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4 

0 
3 

16 
31 
32 

26 
44 
23 

9 
13 

30 
25 
39 
54 
31 

11 
0 

14 
33 
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Precession 
1950 1st 2n<l 

Term Term 

22 . 13 524 . 4- 184 . 3 
27 . 07 517 . 2 - 53 . 5 
43 . 82 516 . l - 31 . 7 
39 . 74 514 . 3 - 37 . 6 
17 . 36 509 . 7 - 22 . 8 

37 . 73 504. 5- 101 . 6 
12 . 16 498 . 4 - 35 . 0 
25 . 14 492 .4 - 33 . 4 
37 . 03 492 . 1 - 36 . 8 
46 . 46 492 . 0 - 28 . 3 

11. 66 490 . 6 - 22 . 7 
19 . 72 489 . 5 - 22 . 4 
36 . 33 488 . 0 - 21. 6 
49 . 73 485 .1 - 26 . 5 
43 . 52 482 . 9 - 21 . 9 

57 . 9 1 48 1. 8 - 27 . 7 
28 . 62 47 4. 5 - 24. 5 
45 . 0 1 465 .7 - 25 . 0 
36 .7 0 4 62 .3 - 24 . 2 
19 . 34 461 . 9 - 42 . 6 

22 . 58 459.3 - 34 . 0 
15 . 42 454 .4 - 29 . 5 
11 . 63 4 4 1 . 1 - 26 . 1 
50 . 85 438 . 6 - 28 . 2 
10 . 15 433 . 2 - 38 . 9 

44 . 99 427 . 1 - 22 . 6 
43 . 05 422 . 7 - 30 . 2 

6 . 29 408 . 8 - 23 . 5 
20 . 82 399 . 0 - 24 . 1 
29 . 96 398 . 6 - 31 . 7 

57 . 15 393 . 8 - 21 . 7 
29 . 17 393 . 6 - 37 . 1 
37 . 1 1 392 . 8 - 32 . 2 
36 . 08 384 . 5 - 29 . 8 
21 . 21 384 . 1 - 22 . 2 

29 . 51 380 . 0 - 24 . 5 
7 . 32 375 . 7 - 24 . 7 

29 . 32 373 . 5 - 21 . 4 
31 . 49 372 . 9 - 21 . 9 

5 . 49 369 . 3 - 28 • 5 

45 . 27 368 . 5 - 44 . 8 
45 . 65 361 . 7 - 22 . 8 
39 . 61 359 . 4 - 54 . 3 
21 . 67 357 . 1 -26 . 1 
27 . 10 352 . 7 - 22 . 7 

6 . 21 343 . 9 - 34 . 3 
36 . 82 343 . 7 - 23 . 3 
35 . 98 343 . 6 - 22 . 4 
17 . 05 343 . 0 - 25 . 3 
53 . 08 340 . 1 -22 . 0 
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No. Epœh 
Obs. 1900+ 

2 57 . 95 
4 59 . 63 
2 59 . 00 
2 58 . 45 
2 57 . 40 

2 57 . 97 
2 58 . 55 
2 57. 64 
2 57 . 99 
2 58 . 99 

2 58 . 8 7 
2 59 . 02 
2 59 . 30 
2 58 . 45 
2 59 . 08 

2 59 . 07 
2 57 . 95 
2 57 . 39 
2 57 . 99 
2 57 . 97 

2 58 . 87 
2 57 . 93 
2 57 . 97 
2 57. 82 
2 57 . 85 

2 57 . 99 
2 57 . 94 
4 58 . 44 
2 57. 40 
2 57 . 50 

2 57 . 99 
2 58 . 44 
2 58 . 87 
2 58.39 
2 59 . 41 

2 58 . 47 
2 58 . 32 
2 57 . 97 
4 59 . 23 
2. 5 7 . 98 

2 58 . 43 
4 59 . 88 
2 58 . 99 
2 59 . 02 
2 57 . 90 

2 58 . 08 
2 57 . 31 
2 58 . 54 
2 59 . 11 
2 58 . 96 



116 PUBLICATIONS OF THE DOMINION OBSERVATORY 

Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

4808 55 991 9.0 K7 5 21 7.999 498.Uù .98 55 
4817 45 1115 8 0 5 AO 5 21 38.162 439.93 .64 45 
4822 9 823 8.1 K2 5 22 15.544 330.42 .24 9 
4826 80 168 7.6 KO 5 22 23.457 1141.22 9.94 81 
4827 46 1015 tl. 2 KO 5 22 30.454 447.60 • 66 46 

4831 21 839 8.7 KO 5 22 53.8VU 359.92 • 32 21 
4834 9 830 s.2 K5 5 22 57.611 328.65 .24 9 
4838 5 916 7.5 KO 5 23 9.973 320.99 .22 5 
4840 65 474 8.5 K2 5 23 34.738 598.92 1.65 65 
4842 24 831 8.4 A5 5 23 39.228 368.77 .34 24 

4851 48 1274 6.9 KO 5 24 10.382 455.68 .67 48 
4852 1 1015 8.6 B9 5 24 12.007 312.00 .20 2 
4873 20 961 7.4 KO 5 25 59.606 356.48 .29 20 
4875 35 1133 8.3 G5 5 26 1.511 402.81 .43 35 
4877 21 857 8.2 F8 5 26 16.081 358.80 .29 21 

4881 1 1028 8.2 KO 5 26 31.328 309.90 • 19 1 
4883 13 908 7.9 F5 5 26 37.808 338.80 .24 13 
4886 40 1310 7.4 KO 5 26 51.127 420.14 • 48 40 
4889 23 922 8.3 G5 5 27 o.355 365.43 • 30 23 
4895 53 917 8.3 AO 5 27 9.219 484.84 .76 53 

4905 50 1184 7.5 KO 5 27 57.:531 470.67 .68 50 
4922 52 967 8.3 KO 5 28 55.91v 477.35 .69 52 
4933 56 1034 a.a K5 5 29 53.841 510.08 .83 ~6 
4942 17 950 8.9 K2 5 3v 24.381 348.96 .24 17 
4956 14 948 8.3 KO 5 31 10.102 341.50 .23 14 

4958 2 1003 8.2 A2 5 31 26.642 314.33 .18 3 
4962 47 1174 7.3 K2 5 31 50.503 454.85 .54 48 
4969 6 962 8.1 KO 5 32 4.380 322.49 .19 6 
4983 18 887 7.6 K5 5 32 48.256 352.31 .24 18 
4993 56 1041 7.1 KO 5 33 12.994 507.50 .73 56 

5005 15 866 7.6 KU 5 33 56.951 344.36 .22 15 
5013 7 951 8.2 A2 5 34 38.943 325.14 • 19 7 
5019 39 1367 8.7 K5 5 35 8.976 418.44 .37 39 
5027 51 1096 8.2 A2 5 35 33.688 473.21 .54 51 
5035 23 982 7.8 K5 5 36 12.410 364.56 .24 23 

5040 43 1325 6.8 K5 5 36 26.539 432.57 .39 43 
5042 11 898 7.8 MO 5 36 40.201 334.31 .19 11 
5044 72 283 8.1 F5 5 36 54.179 723.32 1.81 72 
5045 14 978 8.3 K5 5 36 56.575 342.38 .20 14 
5052 34 1135 7.9 KO 5 37 6.585 398.78 .30 34 

5093 46 1041 9.0 K5 5 39 29.Q27 447.07 .39 46 
5094 8 1044 7.8 KO 5 39 30.992 326.86 • 17 t3 
5096 18 920 7.3 KO 5 39 32.125 353.06 .20 18 
5103 - 0 1059 1.0 KO 5 39 59.186 307.24 .15 - 0 
5110 57 910 7.3 K2 5 40 33.412 514.09 • 56 57 

5117 3 1018 7.8 FO 5 41 3.!t30 316.60 .15 3 
5125 38 1277 7.6 KO 5 41 30.147 413.18 .28 38 
5131 - 2 1358 8.5 F2 5 41 57.763 300.50 .14 - 2 
5145 83 149 8.0 KO 5 42 44.648 1494.58 8.63 83 
5157 50 1225 7.3 KO ? 43 26.197 466.55 .37 50 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . .Il.). 

Tin c-aariea from 1900. 0, T' in centuries from epoch. 

22 
11 
56 

1 
46 

44 
11 
54 
39 
58 

20 
1 

24 
50 
16 

6 
23 
28 
43 
18 

59 
5 

50 
26 
27 

1 
2 

31 
43 
27 

35 
38 
54 
18 
17 

17 
28 
16 
46 
31 

23 
21 
57 

2 
13 

58 
28 
55 
35 

4 

1950 

1 • 38 
4.25 

13. 77 
1.73 

34.31 

34.46 
8.51 

48.05 
18.81 
10.30 

25.38 
35.32 
9. 68 

52.25 
37.85 

55.86 
19.42 
13. 75 
14.70 
49.07 

30.74 
35.82 
30.30 
30.61 
25.38 

28.50 
47.66 
17.43 
37.15 
29.30 

18.54 
23.87 
44.79 
30.90 
46.45 

54.48 
35.24 
38.96 
23.11 
25.79 

57.04 
1.67 

53.11 
19.35 
21.05 

58.33 
43.53 
55.20 
48.00 
15.30 

Precession 

1st 2.ncl 
No. Epoch 

Term Term Obs. 1900+ 

338.3 -35.8 2 57.95 
333.9 -31.7 2 57.99 
328.6 -23.8 2 57.52 
327.4 -82.1 2 58.43 
326.4 -32.3 2 58.34 

323.1 -25.9 2 59.02 
322.5 -23.7 2 57.98 
320.7 -23.2 2 58.87 
317.2 -43.2 2 59.ül 
316.5 -26.6 2 58.65 

312.0 -32.9 2 57.99 
311. 8 -22.5 2 57.90 
296.3 -25.8 2 57.49 
296.0 -29.1 2 57.64 
293.9 -25.9 2 57.53 

291.7 -22.4 2 58. 30 
290.8 -24.5 2 58.99 
288.9 -30.4 2 58.17 
287.5 -26.4 2 57.98 
286.3 -35.0 2 58.39 

279.3 -34.0 2 59.00 
270.9 -34.5 2 58. uo 
262.5 -36.9 2 58.47 
258.1 -25.3 2 57.51 
251.5 -24.7 2 59.00 

249.1 -22.8 2 57.95 
245.6 -33.0 2 58.60 
243.7 -23.4 4 58.95 
237.3 -25.5 2 5t:! .14 
233.7 -36.8 2 57.51 

227.3 -25.0 2 57.64 
221.2 -23.6 4 59.26 
216.9 -30.4 2 57.99 
213.3 -34.3 2 57.99 
207.7 -26.5 2 58.07 

205.7 -31.4 2 58.15 
203.7 -24.3 2 56.98 
201. 6 -52.5 2 57.ù8 
201.3 -24.9 2 57.99 
199.8 -29.0 3 57 • 71 

179.2 -32.5 2 56.97 
178.9 -23.8 3 58.64 
178.7 -25.7 2 58.15 
174.8 -22.3 2 57.99 
169.8 -37.4 3 59.44 

165.4 -23.0 2 57.96 
161.6 -30.0 2 57.64 
157.6 -21.9 2 58.60 
150.8-108.6 2 57.97 
144.7 -33.9 2 56.97 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

Precession 
No. B.D. No. M+Sp. R.A. 1950 1st 2Ad Decl. 

Term Term 

5172 61 826 7.9 KO 5 44 46.153 551.28 .55 61 
5175 2 1063 8.0 K5 5 44 56.435 314.06 .14 2 
5187 - 0 1086 8.2 KO 5 45 37.380 305.55 .13 - 0 
5200 75 237 8.3 K2 5 46 9.938 836.61 1.61 75 
5201 32 1098 8.6 KO 5 46 29.150 393.81 .21 32 

5208 - 4 1251 8.6 G5 5 47 10.768 296.90 • 13 - 4 
5209 46 1054 8.6 AO 5 47 14.732 446.95 .27 46 
5214 66 410 a.o KO 5 47 24.927 619.61 .64 66 
5218 31 1119 8.3 K5 5 47 46.546 389.43 • 19 31 
5221 77 217 8 • 2 G5 5 47 53.~88 930.49 1.86 77 

5225 81 194 7.9 G5 5 48 17.935 1185.J.2 3. 30 81 
5226 56 1073 8.2 G5 5 48 18.683 505.64 .34 56 
5239 - 2 1391 8.6 KO 5 48 57.632 300.50 • 12 - 2 
5247 52 1006 8.3 G5 5 49 43.394 482 .11 .27 52 
5255 40 1446 8.0 A2 5 50 3.633 420.98 .19 40 

5258 36 1282 7.3 KO 5 50 14.173 404.75 • 18 36 
5261 25 1020 7.8 G5 5 50 25.342 369.76 .15 25 
5263 42 1433 8.4 K2 5 50 30.480 429.95 .20 42 
5264 9 995 7.5 K2 5 50 33.081 329.79 .13 9 
5271 45 1194 8.4 AO 5 51 7.198 442.42 .2û 45 

5279 - 1 1059 7.7 MO 5 51 50.028 304.80 • 12 - 1 
5282 5 1043 8.0 G5 5 51 55.830 319.82 • 12 5 
5283 64 555 7.9 K5 5 51 57.824 583.01 • 36 64 
5284 17 1051 1.2 K5 5 52 3.807 349.16 • 13 17 
5289 0 1211 8.2 KO 5 52 22.757 308.66 • 12 0 

5296 35 1283 8.6 KO 5 52 40.370 401.41 .15 35 
5315 68 417 8.4 G5 5 54 11.851 640.33 .34 68 
5329 24 1045 7.8 G5 5 55 32.088 369.04 • 11 24 
5335 7 1072 7.6 KO 5 55 44.601 325.76 • 11 7 
5351 62 801 7.6 KO 5 56 27.137 561.97 • 1 7 62 

5353 11 986 8.5 KO 5 56 32.839 335.14 .10 11 
5358 66 420 6.9 K5 5 57 5.982 620.56 • 17 66 
5359 9 1040 8.2 A3 5 57 8.034 329.76 .10 9 
5361 0 1.242 8.Q F5 5 57 17.709 307.45 • 10 0 
5366 32 1155 8.7 MO 5 57 27. 777 391.22 .10 32 

5375 82 155 8.3 K2 5 57 48.457 1317.li .70 82 
5388 37 1389 8.9 G5 5 58 45.628 410.74 • 09 37 
5403 17 1101 7.6 KO 6 0 2.056 349.89 .09 17 
5431 8 1173 8.0 KO 6 1 55.004 326.64 • 08 8 
5446 0 1270 1.2 K5 6 2 48.254 308. 77 .09 0 

5455 3 1123 8.4 KO 6 3 36.972 315.13 • 08 3 
5459 33 1244 8.3 K2 6 3 48.006 394.30 • 04 33 
5461 41 1356 8.4 MO 6 3 50.320 424.31 • 02 41 
5463 19 1212 8.3 G5 6 3 58.788 354.56 • 06 19 
5464 6 1116 7.8 A5 6 3 58.947 323.11 .os 6 

5469 35 1341 8.8 KO 6 4 9.228 403.36 .03 35 
5482 74 275 8.o F8 6 4 50.654 790.27 -.50 74 
5490 25 1128 8.2 KO 6 5 22.012 372.41 .04 25 
5494 49 1459 7.1 K5 6 5 48.205 461.38 -.04 49 
5498 27 1006 7.8 KO 6 6 18.525 375.98 • 03 27 

Position 1950 + T = Position 1950 + T (lat term) + T 2 (2nd term) + T' (P. M.). 

Tin ceatu.ries from 1900. 0, T 1 in centuries from epoch. 

20 
53 
45 
51 
57 

28 
18 
52 
36 
54 

21 
3 

55 
37 
24 

7 
3 

34 
32 
20 

5 
20 

9 
23 
34 

9 
8 

47 
51 
18 

45 
53 
31 

3 
7 

27 
44 
40 
13 
37 

20 
3 

12 
28 
44 

42 
32 
58 

4 
12 

Precession 
1950 1st 2Ad 

Term Term 

34.38 133.1 -40.1 
23.64 131.6 -22.9 
53.15 125.6 -22.3 
22.92 120.9 -60.9 
30.33 118.2 -28.7 

13.45 112. 1 -21.6 
12.27 111. 5 -32.5 
0.20 110. 0 -45.1 

23.34 106.9 -2.8.4 
51.56 105.8 -67.7 

21.36 102.3 -86.3 
50.75 102.2 -36.8 
44.47 96.5 -21.9 
48.28 89.8 -35.1 
37.96 86.9 -30.7 

14.73 85.4 -29.5 
50.03 83.7 -26.9 

0.83 83.0 -31.3 
57.08 82.6 -24.0 
9.17 77.6 -32.2 

5.96 71.4 -22.2 
43.89 70.6 -23.3 
20.87 70.3 -42.5 
39.02 69.4 -25.4 
11.37 66.6 -22.5 

46. ·31 64.1 -29.3 
36.30 50.7 -46.7 
40.53 39.1 -26.9 
25.07 37.2 -23.7 
55.01 31.0 -41.0 

36.34 30.2 -24.4 
58.12 25.4 -45.2 
55.38 25.1 -24.0 
16.21 23.7 -22.4 
25.79 22.2 -28.5 

45.33 19.1 -96.0 
17.66 10.8 -29.9 
2.40 -.4 -25.5 

31.47 -16.8 -23.8 
5.23 -24.6 -22.5 

29.89 -31.6 -23.0 
45.54 -33.2 -28.7 
26.46 -33.6 -30.9 
8.78 -34.8 -25.8 

13.25 -34.8 -23.5 

32.39 -36.3 -29.4 
16.85 -42.3 -57.6 
30.15 -46.9 -27.1 
21.78 -50.8 -33.6 
12.56 -55.2 -27.4 

117 

No. Epoch 
Obs. 1900+ 

2 57. 96 
2 58.59 
2 58.60 
2. 59.10 
2 58. 88 

2 58.99 
2 59.13 
2 58.49 
3 58.79 
2 59.35 

2 59.üO 
2 58.67 
2 58.99 
2 59.11 
2 58.18 

2 57.64 
2 57.60 
2 58.09 
2 5 tl .14 
2 58.44 

3 59.14 
2 58.99 
2 57.53 
2 58.17 
3 58.06 

2 57.97 
2 57.14 
2 57.90 
2 58.12 
2 58.61 

2 58.42 
2 57.97 
2 58.45 
3 59.07 
2 58.92 

2 57.14 
2 56.64 
2 56.63 
2 58.12 
2 56.65 

2 57.64 
2 58.v9 
2 58.17 
2 58.42 
2 58.49 

2 56.98 
2 58.44 
2 56.66 
2 57.16 
2 57.97 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Te rm 

5510 8 1210 8 . 2 K5 6 7 4 . 758 327 . 89 • 06 8 
5516 62 819 8 . 7 K2 6 7 22 . 229 569 , 21 -. 24 62 
5525 43 1474 6 . 9 KZ 6 7 54 . 205 435 , 44 - . 05 43 
5531 15 1097 7 , 5 G5 6 8 20 . 822 344 , 54 , 04 15 
5536 45 1259 8 . 3 KO 6 8 36 , 443 441 , 13 -, 06 45 

5544 55 1062 7 , 6 G5 6 9 16 , 456 502 , 30 - • 1 7 55 
5548 59 952 8 . 4 K7 6 9 35 , 731 531 , 71 -.24 59 
5549 35 1362 8 , 0 G5 6 9 37 , 414 402 , 07 -. 03 35 
5550 - 3 1339 8 , 0 G5 6 9 57 , 719 298 , 87 . 07 - 3 
5552 33 1275 8 , 8 AO 6 10 2 , 058 394 , 60 -. oz 33 

5554 - 1 114 7 8 , 4 AO 6 10 6 , 169 304 , 25 , 07 - 1 
5564 50 1285 8 . 5 F8 6 10 36 , 490 470 . 93 -.1 5 50 
5579 87 41 8 , 1 K5 6 12 0 . 064 3166 , 00 - 33 . 40 87 
5581 52 1049 7 . 3 KZ 6 12 5 , 226 479 . 36 -, 19 52 
5586 25 1180 7 . 7 K5 6 12 19 . 418 370 . 54 -. 01 25 

5587 64 575 7 . 4 KO 6 12 22 . 973 591 . 51 -.49 64 
5602 - 2 1530 8 . 6 K5 6 13 16 . 111 301 . 81 . C6 - 2 
5610 26 1156 8 . 4 KO 6 13 44 . 223 373 . 86 -. oz 26 
5615 39 1575 7 . 3 KO 6 14 6 . 652 418 . 75 -. 10 39 
5619 5 1164 8 . 4 K5 6 14 16 . 079 321 . 23 . 04 5 

5625 48 1369 8 . 6 KO 6 14 51 . 576 455 . 27 -.1 9 47 
5627 13 1187 8 . 4 B9 6 15 5 . 819 338 , 23 . 02 13 
5637 21 1190 7 . 8 K2 6 15 40 . 488 359 . 0'+ -. 02 21 
5646 46 1129 7 . 9 G5 6 16 25 . 231 448 . 60 -. 20 46 
5650 - 3 1386 8 . 4 GO 6 16 38 . 286 299 . 37 . 05 - 3 

5651 42 1533 7 . 4 G5 6 16 40 . 481 430 . 83 -. 16 42 
5657 75 253 8 • 2 G5 6 17 5 . 082 829 . 35 -1. 98 75 
5661 25 1223 7 . 8 K5 6 17 29 . 646 371.25 -. 05 25 
5663 45 1288 8 . 4 MO 6 17 39 . 315 441 . 16 -. 20 45 
5680 19 1313 7 . 4 G5 6 18 37 . 831 355 . 58 -. 03 19 

5682 6 1208 8 . 4 G5 6 18 45 . 034 322 , 49 . oz 6 
5686 50 1296 8 . 8 K5 6 19 14 . 597 468 . 48 -. 31 50 
5692 - 1 1212 8 . 7 A3 6 19 29 . 926 302 . 67 . 05 - 2 
5696 53 1013 7 . 9 MO 6 19 52 . 549 485 . 62 -. 37 53 
5699 34 1331 8 . 2 KO 6 20 14 . 911 398 , 09 -. 13 34 

5705 40 1583 7 . 2 K5 6 20 22 . 718 422 . 35 -. 19 40 
5713 41 1431 8 . 5 MO 6 20 54 . 771 426 , 48 - . 21 41 
5714 18 1203 8 . o FO 6 20 55 . 580 351 . 81 -. 03 18 
5721 62 840 7 . 0 K5 6 21 22 . 860 565 . 29 -. 74 62 
5722 - 4 1490 7 . 3 KO 6 21 25 . 365 296 . 39 , 05 - 4 

5723 78 225 8 . 1 KZ 6 21 28 . 753 950 . 64 - 3 . 61 78 
5725 13 1229 7 , 2 G5 6 21 38 . 949 338 ,1 4 -. 01 13 
5726 77 239 8 , 3 F8 6 21 43 . 823 884 . 76 -3 . 0l 77 
5733 55 1077 7 , 7 G5 6 21 58 . 912 502 . 54 -,49 55 
5736 58 925 7 . 7 G5 6 22 14 , 881 523 . 91 -. 58 58 

5758 0 1418 7 . 5 r; 5 6 24 9 . 146 308 . 45 . 02 0 
5765 6 1246 8 . 2 K:> 6 24 33 . 732 322 . 56 , 00 6 
5797 - 2 1624 8 . 2 KO 6 26 20 . 515 30 1.59 . u3 - 2 
5804 7 1306 8 , 0 G5 6 26 39 , 957 324 . 88 -. 01 7 
5808 61 H90 7 . 5 G5 6 26 55 . 987 550 . 56 -. 86 61 

Position 1950 + T = Position 1950 + T (1st te rm) + T 2 (2.nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

45 
58 
48 
34 

3 

35 
14 
21 
37 
10 

19 
47 
19 
1~ 
21 

51 
22 
30 
52 
57 

58 
3 

12 
40 
25 

49 
40 
37 

7 
54 

29 
26 

0 
15 
17 

50 
50 
29 
43 
42 

18 
2 
1 

43 
26 

29 
32 
28 
31 
23 

1950 

1 7 . 58 
50 . 97 
4 1. 85 
26 . 71 
38 , 48 

55 , 89 
55 , 05 
44,40 
23 , 44 
30 , 45 

11 . 92 
30 , 10 
39 . 00 
lJ . 65 

1 . 91 

1 . 21 
3 . 91 

43 . 25 
40 , 31 

0 . 76 

22 . 6u 
4 . 93 
5 . 98 
8 . 66 
0 . 58 

20 . 82 
53 . 04 
54 ; 61 
51 . 17 
59 . 59 

40 . 34 
12 . 15 
15 . J5 
16 . 99 
30 . 23 

7 . 78 
37 . 64 

3 . 41 
7 . 12 
4 . 21 

58 . '74 
35 , 28 
39 . 08 
58 . 67 
52 . 67 

6 . 84 
31. 10 
32 . 86 
57 . 52 

7 , 91 

Precession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

- 61.9 - 23 . 9 2 57 , 99 
- 64 , 4 - 41 , 4 2 58 . 08 
- 69 , 1 - 31 , 7 2 56 , 65 
- 73 , 0 - 25 . 1 2 56 , 97 
- 75 , 3 - 32 , 1 2 57 , 97 

- 81 , 1 - 3b . 6 4 58 . 95 
- 83 , 9 - 38 , 7 2 58 . 57 
- 84 , 1 - 29 , 3 2 58 , lL 
- 87 . 1 - n . 7 2 58 . 16 
- 87 , 7 - 28 , 7 2 57 . 56 

- 88 , 3 - 22 , 2 2 57 . 16 
- 92 , 8 - 34 , 3 2 56 , 62 

-104 , 9-230 . 4 2 58 , 98 
- 105 . 7 - 34 . 9 2 57 . 90 
- 107 . 7 - 26 . 9 2 58 . 95 

- 108 . 2 - 43 . 0 2 58 . 54 
-1 16 . 0 - 21 . 9 2 59 . 35 
-1 20 . 1 - 27 . 2 2 58 . 11 
-1 23 . 3 - 30 . 4 2 5tl , 09 
- 124 . 7 - 23 . 3 2 58 . 90 

-1 29 . 9 - 33 , 1 2 57 . 96 
- 131 . 9 - 24 . 6 2 58 . 61 
-1 37 . 0 - 26 . 1 2 58 . 12 
- 143 . 5 - 32 . 6 2 58 . 17 
- 145 . 4 - 21 . 7 2 57 . 97 

- 145 . 7 - 3 1. 3 2 58 . 16 
-149 . 3 - 60 . 2 2 58 . 90 
-1 52 . 9 - 27 . J 2 57 . 56 
-1 54 . 2 - 32 . 0 2 57 . 60 
- 162 . 7 - 25 . 8 2 58 . 49 

-163 , 8 - 23 . 4 2 58 . 45 
- 168 . l - 34 . 0 2 58 . 17 
- 17 0 . 3 - 21 . 9 4 58 . 97 
-1 73 . 6 - 35 . 2 2 56 . 65 
- 176 . 8 - 28 . 9 2 58 . 14 

-171:l.ù - 30 . 6 2 58 . 17 
-1 82 . 6 - 30 . 9 2 58 . 44 
-1 82 . 8 - 25 . 5 2 58 . 09 
-1 86 . 7 -41, 0 2 59 . 00 
-1 87 . 1 - 21 . 5 2 58 . 92 

- 187 , 6 - 68 . 9 3 59 . 14 
- 189 , 0 - 24 . 5 2 5 9 . 6 3 
- 189 . 8 - 64 . 1 2 58 , 45 
- 191 . 9 - 36 . 4 2 58 . 17 
-1 94 . 3 - 38 , 0 2 58 . 61 

- 210 . 8 - 22 . 3 2 57 . 99 
- 214 . 4 - 23 , 3 2 57 . 16 
- 229 . 9 - 21 . 8 2 57 . 08 
-232 . 7 - 23 . 5 2 57 . 16 
- 235 . 0 - 39 . 8 2 5H , 46 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

5810 43 1548 7 . 5 KO 6 27 7 . 607 435 . 08 - . 32 43 
5819 25 1302 tl . 7 KO 6 27 34 . 226 :nl . 80 - . 12 25 
5823 32 1316 7 . 4 MO 6 27 43 . 279 392 . 94 - . 19 32 
5826 37 1525 8 . 9 K2 6 28 11 . 786 408 . 98 -. 24 37 
5844 16 1183 8 . 2 G5 6 29 38 . 533 346 . 76 -. 0 7 16 

5847 29 1263 8 . 2 KO 6 29 52 . 449 382 . 11 -. 17 29 
5856 - 1 1271 8 . 3 F2 6 30 33 . 056 303 . 49 . 01 - 1 
586 7 7 1343 8 . 2 KO 6 31 4 . 270 324 . 24 -, 03 7 
5879 54 1050 8 . 3 AO 6 31 42 . 068 493 . 76 -. 68 54 
5887 25 1326 7 . 9 K2 6 3 1 56 . 887 368 . 92 -.14 24 

5889 72 324 8 . 4 F5 6 32 3 . 155 737 . 25 - 2 , 66 72 
5896 0 1489 8 . 2 AO 6 32 24 . 039 308 . 58 . oo 0 
5902 17 1306 7 . 4 KO 6 32 58 . 983 349 . 62 -. 10 17 
5906 67 440 8 . 6 A2 6 33 22 . 067 620 . 76 -1. 63 67 
5909 60 985 8 . 1 G5 6 33 37 . 543 537 . 56 -1. 00 60 

5929 23 1428 8 . 8 K2 6 34 37 . 522 364 . 94 - . 15 23 
59 38 39 1689 7 , 9 K5 6 35 6 , 760 414 . 89 -,34 39 
5946 7 5 262 8 . 5 KO 6 35 41 . 856 826 . 92 - 4 . 11 75 
5954 36 1471 8 . 6 G5 6 35 57 , 529 405 . 70 -. 31 36 
5956 68 447 8 . o KO 6 36 6 . 45 0 645 . 69 - 2 . 00 68 

5971 35 1464 8 . 2 FO 6 37 17 . 379 401 . 74 -. 31 35 
5978 - 4 1610 7 . 6 K5 6 37 47 . 140 297 . 15 . 01 - 4 
5981 80 217 7 . 3 KO 6 38 4 . 010 1077 . 75 - 8 . 86 80 
5987 20 1531 8 . 5 AO 6 38 21 . 492 355 . 32 -. 14 20 
6037 22 1453 8 . 5 K2 6 41 23 . 608 362 . 13 -. 18 22 

6046 24 1386 7 . 6 K2 6 42 19 . 593 367 . 81 -.21 24 
6047 37 1578 7 . 9 K5 6 42 21 . 755 409 . 32 -. 40 37 
6059 29 1342 8 . 1 K5 6 43 22 , 139 382 . 77 -. 28 29 
6062 36 1501 8 . 5 K2 6 43 32 . 135 404 , 15 -. 39 36 
6Q75 55 1125 8 . 6 AO 6 44 28 . 68 0 496 . 73 - 1 . 00 55 

6080 5 1406 a. a G5 6 44 40 . 645 320 . 02 -, 06 5 
6082 67 452 7 . 3 K5 6 44 46.909 624 . 87 -2 . 25 67 
6083 41 1513 7 . 2 1( 2 6 44 50 . 401 422 . 71 -. 50 41 
6085 22 1475 8 . 8 KO 6 44 57 . 019 360 , 82 -. 20 22 
6090 66 467 8 . 1 GO 6 45 25 . 621 606 , 28 - 2 . 07 66 

6097 - 1 1387 7 . 6 K5 6 45 50 . 311 303 . 30 -. J2 - 1 
6102 - 3 1600 8 . 6 F5 6 45 59 . 548 299 . 45 -, 0 1 - 3 
6113 32 1416 8 . 4 GO 6 46 33 . 727 389 . 65 -, 34 32 
6115 74 303 7 . 5 G5 6 46 39 . 010 769 . 67 - 4 . 41 74 
6118 3 1414 1.2 KO 6 46 51 . 525 315 . 90 -. 06 3 

6120 39 1756 7 . 9 G5 6 46 53 . 373 416 . 27 -,49 39 
6124 17 1409 7 . 7 KO 6 47 11.859 348 . 94 -.1 7 17 
6126 12 1310 6 . 9 MO 6 47 14 . 454 335 . 41 -.1 2 12 
6133 20 1589 8 . 2 K2 6 47 52 . 757 355 . 03 -. 20 20 
6147 49 1556 7 , 5 K2 6 49 15.606 460 . 69 -. 82 49 

6153 1 1565 8 . 0 K5 6 49 47 . 404 309 . 77 -. 05 1 
6159 38 1637 8 . o K5 6 50 17 . 336 410 . 60 -. 50 38 
6174 10 1315 7 . 8 K5 6 51 20 . 345 331 , 68 -. 12 10 
6176 - 4 1714 8 . 3 K5 6 51 27 . 306 297 . 47 - . 02 - 4 
6179 17 1441 8 . 0 K2 6 51 45 . 042 349 . 0 1 -, 20 17 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M.) . 

Tin centuries from 1900. 0, T' in centuries from epoch. 

54 
55 
5ü 
28 
34 

26 
39 
16 
37 
57 

53 
32 
44 

7 
8 

33 
9 

44 
42 
41 

36 
24 
17 

0 
37 

43 
49 
53 
25 
18 

31 
34 
21 
12 
20 

45 
26 
10 
11 
44 

47 
38 

7 
2 

35 

4 
22 
35 
19 
44 

Precession 
1950 1st 2nd 

Term Term 

5tl . 12 - 236 . 7 -31 . 4 
10 . 76 -240 . 5 - 26 . 8 
28 . 48 - 241.8 - 28 . 4 
24 . 03 - 246 . 0 - 29 . 5 
18 . 98 -25 8 . 5 - 25 . 0 

4 0 . 80 - 260 . 5 - 27 . 6 
4 0 . 32 -266 , 4 - 21 . 9 
44 . tstl - 270 . 9 -23 . 4 
48 . 72 -276 . 4 -35 , 6 
41 . 77 -278 . 5 - 26 . 6 

36 . 80 - 279 , 4 - 53 , 2 
41 . 35 -282 . 4 - 22 . 2 

3 . 80 - 287 , 5 - 25 . 2 
50 . 39 -29 0 , 8 - 44 . 7 
21 , 36 - 293 , 0 - 38 . 7 

46 . 17 -301 . 7 - 26 . 2 
51 . 69 - 305 , 9 - 29 . 8 
44 . 89 -311. 0 -5 9 . 5 

4 . 50 -313 , 2 - 29 . 1 
39 , 63 - 314 , 5 - 46 . 4 

22 . 26 -3 24 . 7 - 28 , 8 
50 . 84 - 329 . 0 - 21 . 3 
36 , 54 -331. 4 -77. 4 
53 . 60 -333 . 9 - 25 . 5 
51 . 34 -360 . 0 - 25 . 9 

32 . 09 - 368 . 1 - 26 . 3 
53 . 41 - 368 . 4 - 29 , 2 
4Q ; 59 - 377 . 0 - 27 . 3 
25 . 57 -378 . 4 - 28 . 8 
29 . 79 -386.5 -35,4 

46 , 42 - 388 . 2 -22.8 
13 . 68 - 389 ,1 -44.6 
31 . 15 - 389 . 6 - 30 . l 
12 . 59 -390 . 6 - 25 . 7 
14 . 85 - 394 . 7 -4 3 . 2 

40 , 75 -398.2 - 21 . 6 
28 . 27 - 399 , 5 - 21 , 3 
16 . 67 -404 ,4 -27,7 
49 . 19 - 405 . 2 -5 4 , 9 
59 . 46 -4 06 , 9 -22 . 5 

2 , 24 -4 07 , 2 - 29 , 6 
55 . U7 -4 09 . 8 - 24 , 8 

0 . 41 - 410 . 2 - 23 . 8 
59 , 92 -415.7 -25 . 2 
45 . 82 - 427 , 5 -32.7 

18,47 -43 2 , 0 - 22 . 0 
30 . 56 -43 6 . 3 -29.1 
17 . 81 -445 , 2 - 23 . 5 
44 . 10 -446,2 - 21 . 1 
54 . 54 -448.8 -24.7 

119 

No. Epoch 
Obs. 1900+ 

4 59 . 08 
2 58 . 44 
2 59 . 02 
2 57 . 99 
2 57 . 42 

2 57 . 61 
4 59 . 01 
2 5ts . 44 
2 58 . 60 
2 58 , 09 

2 5ts , 63 
2 56 . 97 
2 57 , 60 
2 57 . 49 
2 57 . 99 

2 58 . 09 
2 57 . 99 
2 57 , 61 
2 58 . 12 
2 57 . 51 

2 57 , 15 
4 58 . 31 
2 56 . 65 
2 57 , 90 
2 57 . 16 

2 57 . 51 
2 58 , 09 
2 58 . 43 
2 57 . 1 0 
2 57 . 53 

2 57 . 51 
2 59 . 47 
2 58 , 63 
2 59 . 07 
2 5H . 94 

4 59 . Jl 
2 58 . 12 
2 57 , 61 
2 58 . 65 
2 58 , 63 

2 59 . 01 
2 58 . 44 
3 58 , 85 
2 5 8 . 6 3 
2 58 . 57 

2 57 . 59 
2 57 . 99 
2 5 tl . 13 
2 57 . 62 
2 58 . 43 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

6186 - 1 1447 8.4 KO 6 52 16.622 304.56 -.04 - 1 
6187 14 1486 8.1 K5 6 52 20.217 340.48 -.16 14 
6195 - 2 1829 7.8 KO 6 52 37.752 301.84 -. 04 - 2 
6196 36 1528 8.5 A5 6 52 46.405 404.62 -.49 36 
6198 7 1520 8.4 KO 6 52 51.020 324.46 -.11 7 

6204 85 98 8.1 M2 6 53 6.846 2014.40 -54.93 85 
6214 47 1373 a.o A2 6 53 34.372 448.41 -.80 47 
6226 41 1557 7.3 KO 6 54 13.346 419.83 -.6 0 40 
6229 57 1021 8.1 r,5 6 54 35 .074 512.69 -1.40 57 
6247 17 1461 8.5 MO 6 55 44.302 348.31 -.21 17 

6255 16 1346 7.8 K2 6 56 12.955 344.76 -.20 16 
6268 1 1622 7.6 KO 6 56 56.952 309.56 -. 07 0 
6288 29 1430 7.7 G5 6 58 2.725 379.88 -.39 29 
6292 50 1381 7.9 K5 6 58 18.736 460.94 -.99 49 
6293 61 928 a.o F2 6 58 19.664 544.31 -1.87 61 

6295 73 360 7.6 G5 6 58 22.338 743.91 -5.04 73 
6312 43 1639 8.9 MO 6 59 30.096 429.85 -.75 43 
6331 - 4 1793 8.3 KO 7 0 57.812 297.88 -.04 - 4 
6333 16 1372 a.2 KO 7 1 0.347 344.92 -.22 16 
6346 63 686 8.1 KO 7 1 41.165 559.26 -2.18 62 

6350 64 616 8.1 F5 7 1 46. 390 577.31 -2.43 64 
6388 - 4 1820 8.7 KO 7 4 3.413 296.42 -.05 - 4 
6400 68 464 8.1 K5 7 4 54.869 635.83 -3.50 68 
6403 - 3 1750 8.4 MO 7 5 16.959 299.95 -.06 - 3 
6407 82 194 7.3 K5 7 5 24.771 1284.5 0 -23.87 82 

6420 30 1431 7.5 KO 7 6 8.008 381.97 -.47 30 
6423 47 1404 8.5 MO 7 6 24.727 444.46 -.98 46 
6425 2 1576 7.5 KO 7 6 31.526 312.55 -.10 2 
6427 54 1111 8.4 KO 7 6 40.631 486.48 -1.42 54 
6428 13 1570 8.5 K2 7 6 42.418 338.61 -.22 13 

6429 22 1596 7.8 K2 7 6 44.269 360.20 -.34 22 
6431 59 1053 7.4 KO 7 6 54.955 521.54 -1.85 59 
6436 50 1399 8.3 G5 7 7 13.492 459.68 -1.14 49 
6437 45 1394 7.8 KO 7 7 13. 730 436.72 -.92 45 
6451 24 1549 7.7 MO 7 8 12.268 366.21 -.38 24 

6459 - 0 1635 8.4 KO 7 8 57.787 305.22 -.OB - 0 
6460 40 1807 8.1 K5 7 8 59.988 414.77 -.75 40 
6469 10 1453 7.5 KO 7 9 44.541 330.45 -.19 10 
6481 42 1678 8.4 KO 7 10 37.832 424.53 -.85 42 
6489 4 1627 7.7 G5 7 11 24.372 317.71 -.14 4 

6503 23 1648 8.9 KO 7 12 10.157 362.11 -.38 23 
6504 78 243 8.4 KO 7 12 18.651 898.04 -10.66 77 
.6507 - 1 1613 8.7 K2 7 12 26.051 302.89 -.08 - 2 
6510 22 1620 1.0 K5 7 12 34.347 358.77 -.36 22 
6517 14 1615 7.9 KO 7 12 52.384 338.86 -.25 13 

6523 37 1694 8.3 K5 7 13 26.808 404.07 -.71 37 
6537 41 1628 7.3 KO 7 14 11.984 417.58 -.84 '41 
6549 - 4 1885 8.5 G5 7 14 37.302 297.83 -.07 - 4 
6563 59 1070 8.2 MO 7 15 34.056 524.45 -2.16 59 
6564 49 1615 8.4 A3 7 15 41.059 456.62 -1.26 49 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. li.). 

T iD cmblriea from 1900. 0, T' in centuries (rom epoch. 

13 
17 
24 
47 
30 

38 
20 
53 
41 
32 

6 
59 
17 
54 
22 

30 
29 
11 
15 
55 

29 
51 
40 
17 
31 

13 
57 
20 
27 
44 

26 
8 

59 
19 
44 

56 
5 

16 
37 
39 

19 
51 

0 
3 

57 

20 
2 

17 
47 
44 

1950 

5.33 
34.95 
59.05 
30.61 

8.81 

37.21 
39.31 
48.13 
43.40 
12.41 

35 .96 
12.14 
18.87 
33.34 
50.25 

6.25 
38.66 
30.19 
26.09 
15.66 

49.29 
23.01 

3.62 
28.95 
29.81 

44.88 
44.66 

4.68 
18.75 
6.92 

47.02 
51.08 

5.07 
47. 72 
50.04 

50.61 
43.67 
59.37 
47.64 
53.35 

32.86 
51.41 
6.41 

18.74 
11.41 

15.88 
8.81 

25.85 
22.01 
48.28 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

-453.2 -21.5 2 57. 11 
-453.7 -24.l 2. 57.59 
-456.2 -21.3 2 58.65 
-457.5 -28.6 2 58.90 
-458.1 -22.9 4 59.58 

-460.3-142.8 2 58.65 
-464.3 -31.7 2 57.62 
-469.8 -29.6 2 57 .11 
-4 72. 9 -36.2 4 59.0l 
-482.7 -24.5 2 57.60 

-486.7 -24.3 2 57.18 
-492. 9 -21.8 2 57.10 
-502.2 -26.7 2 58.60 
-504.5 -32.4 2 57.17 
-504.6 -38.3 2 58.00 

-5,05. 0 -52.4 2 57.64 
-514.5 -30.2 2 57.60 
-526.9 -20.8 2 57.62 
-527.2 -24.1 2 56.61 
-533.0 -39.2 2 56.63 

-533.7 -40.4 2 57.99 
-553.0 -20.1 2 57.60 
-560.1 -44.4 2 57.18 
-563.2 -20.9 2 58.14 
-564.3 -89.7 2 58.00 

-570.4 -26.6 2 57.96 
-572.7 -30.9 2 57.08 
-573.6 -21.7 3 59.13 
-574.9 -33.8 2 58.61 
-575.2 -23.5 2 58.10 

-575.4 -25.0 2 59.63 
-576.9 -36.3 2 57.63 
-579.5 -31.9 2 57.69 
-579.5 -30.3 2 57.65 
-587.7 -25.4 2 59.10 

-594.0 -21.1 2 58.09 
-594.3 -28.7 2 57.61 
-600.5 -22.9 2 57.05 
-608.0 -29.4 2 57.53 
-614.4 -21.9 2 57.59 

-620.8 -25.0 2 57.17 
-621.9 -62.1 2 57.61 
-623.0 -20.8 2 57.16 
-624-.1 -24.7 2 57.19 
-626.6 -23.3 2 57.99 

-631.4 -27.8 2 57.59 
-637.6 -28.7 2 56.70 
-641.1 -20.4 2 57.16 
-648.9 -36.0 2 57.17 
-649.9 -31.3 2 57.99 



RESULTS OF OBSERVATIONS MADE WITH TIIE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

Precession 
No. B.D. No. M+Sp. R.A. 1950 1st 1ad Decl. 

Term Term 

6593 18 1577 7.8 KO 7 17 37.202 348 .18 -.32 17 
6594 23 1681 8.6 A2 7 17 44.909 362.70 -.42 23 
6595 15 1544 a.a KO 7 17 47.349 341.07 -.28 14 
6619 30 1489 a.1 KO 7 18 59.766 381.04 -.57 30 
6631 14 1649 8.1 F5 7 19 55.236 339.53 ~.28 14 

6644 28 1377 7.9 K2 7 20 49.816 373.70 -.53 27 
6648 16 1466 7.4 KO 7 20 55.404 345.12 -.'33 16 
6655 33 1520 8.6 K2 7 21 13.563 389 .14 -.65 33 
6656 56 1208 7.6 K2 7 21 17.903 497.66 -1.92 56 
6677 13 1663 7.6 K2 7 22 46.137 336.58 -.27 13 

6679 5 1652 7.9 K5 7 22 47.805 318.15 -.17 4 
6685 44 1627 7.6 KO 7 23 11.117 430.42 -1.09 44 
6694 24 1659 8.7 A2 7 23 56.926 362.95 -.46 24 
6700 - 4 1950 8.3 KO 7 24 19.441 296.17 -.08 - 5 
6705 48 1535 7.7 G5 7 24 38.391 446.51 -1.30 48 

6708 1 1811 1.0 KO 7 24 43.580 310.71 -.14 1 
6735 6 1690 8.4 K2 7 26 51.436 322.05 -.20 6 
6737 84 152 7.6 K5 7 26 51.972 1552.63 -50.86 84 
6744 25 1689 8.7 K2 7 Z7 21.090 366.63 -.51 25 
6749 51 1324 8.7 A3 7 27 33.800 463.94 -1.59 51 

6760 62 935 a.2 GO 7 28 23.995 547.35 -2.97 62 
6763 24 1683 7.5 KO 7 28 37.937 362.70 -.49 24 
6764 58 1045 8.8 F2 7 28 38.567 510.32 -2.32 58 
6772 46 1277 7.4 G5 7 29 1.2 32 438.29 -1.27 46 
6784 22 1717 8.7 K7 7 30 3.185 358.87 -.47 22 

6793 41 1680 7.6 K5 7 30 17.922 415.65 -1. 02 41 
6805 60 1063 8.7 G5 7 31 7.785 527.32 -2.7 0 60 
6812 14 1699 7.9 MO 7 31 36.295 338.50 -.32 14 
6815 - 1 1765 8.0 G5 7 31 47.253 304.73 -.13 - 1 
6817 65 579 1.2 KO 7 31 48.154 573.70 -3.64 65 

6822 79 243 8.1 K5 7 32 6.852 982.66 -17.59 79 
6826 49 1645 8.2 GO 7 32 15.917 449.29 -1.47 49 
6830 6 1720 7.8 MO 7 32 22.579 320 .91 -. 21 6 
6845 16 1524 8.4 G5 7 33 39.498 342.92 -.36 16 
6858 10 1579 7.9 G5 7 34 33.966 329 . 83 -.28 10 

6863 5 1726 7.6 K2 7 34 41.283 319 .15 -.21 5 
6867 - 1 1779 7.4 K5 7 34 57.385 303 .22 -.13 - 1 
6870 33 1560 7.3 G5 7 35 7.038 387.64 -.77 33 
6872 31 1634 8.6 G5 7 35 9.287 380.24 -.6 9 30 
6880 44 1653 8.4 K2 7 35 33.665 425.43 -1.20 44 

6887 36 1659 8.9 KO 7 35 52.320 395.96 -.86 35 
6890 0 2029 7.1 MO 7 36 23.261 307.02 -.15 - 0 
6891 - 4 2031 8.4 B9 7 36 24 .5 85 297 . 34 -.10 - 4 
6899 8 1841 8.o KO 7 37 4.527 324 .35 -.25 7 
6900 83 191 7.8 KO 7 37 8.807 1327.10 - 39 . 63 83 

6903 11 1641 7.2 KO 7 37 16.565 331 .45 -. 30 11 
6909 51 1342 8.4 KO 7 37 36 .1 06 457.93 -1.69 51 
6914 76 292 8.4 KO 7 38 7.855 802.03 -10.90 76 
6924 0 2041 8 .2 AO 7 38 23 .4 01 308 .91 -.16 0 
6931 48 1563 7 .6 K2 7 38 56.785 445. 18 -1.53 48 

Posüion 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epocb. 

57 
43 
59 
22 
23 

53 
46 

8 
38 
10 

57 
34 

1 
6 
9 

33 
45 
18 
33 
37 

42 
6 

37 
38 
39 

16 
45 
12 
12 
12 

40 
6 

18 
11 
24 

31 
55 
18 
48 

1 

58 
8 

40 
57 
11 

12 
3 

11 
44 
38 

Precession 
1950 1st 2nd 

Term Term 

31.88 -665.9 -23.8 
30.61 -667.0 -24.8 
37.62 -667.3 -23.3 
33.15 -677.2 -26.0 
4.70 -684.8 -23.1 

34.31 -692. 3 -25.4 
23.01 -693.l -23.5 
16.22 -695.6 -26.4 
35.68 -696.2 -33.9 
23.07 -708.2 -22.8 

2.62 -7 08 .4 -21.5 
47.32 -711.6 -29.2 
45.01 -717.9 -24.5 
55.77 -720.9 -2 0 . 0 
46.47 -723.5 -30.2 

16.57 -724.2 -21.0 
56.63 -741.5 -21.6 
27. 71 -741.7-105.0 
13.69 -745.6 -24.6 
57.90 -747.3 -31.2 

57.21 -754.1 -36.8 
23.71 -756. 0 -24.3 
57.90 -756.0 -34.3 
33.86 -759.1 -29.4 
52.34 -767.4 -24.0 

57.29 -769.4 -27.8 
6.68 -776.l -35.3 

40~13 -779.9 -22.6 
29.50 -781.4 -20.3 
26.60 -781.6 -38.3 

49.06 -784.1 -65.7 
30 .85 -785.3 -30.0 
19.14 -786.1 -21.3 
17.25 -796.5 -22.8 
58.85 -803.7 -21.8 

5.96 -804.7 -21. 2 
24 . 32 -806.9 -20.1 
3.90 -808.1 -25.7 

36.43 -808.5 -25.2 
49. 27 -811.7 -28.2 

36 .1 6 -814.2 -26.2 
42.74 -818.3 -20.3 
44.10 -818.5 -19.6 
25.97 -823.8 -21.4 
21.96 -824 . 4 -88.0 

19.53 -825.4 -21.8 
46.45 -828.0 -30.2 
42.29 -832.2 -53.0 
39.02 -834 . 3 -20.3 
29.24 -838.7 -29.3 

121 

No. Epoch 
Obs. 1900+ 

2 56. 17 
2 56.72 
2 57.97 
2 57 .1 7 
2 57.18 

2 56.64 
2 57.60 
2 57.61 
2 58 .18 
2 57.63 

2 57 . 99 
2 56.61 
2 57.17 
2 57.60 
2 57.19 

2 58.18 
2 58.13 
2 56.71 
2 57.60 
2 58.17 

2 57.53 
2 56.18 
2 57.18 
2 56.19 
2 56.68 

2 56.61 
2 56.66 
2 56.70 
4 57.90 
4 57.94 

2 57.17 
2 58.17 
2 57 . 62 
4 58.37 
2 57.07 

2 57 .1 8 
2 57.60 
2 58 . 17 
2 58.17 
3 59.14 

2 57.64 
4 5 8 • 63 
3 57 .1 8 
2 56 . 69 
2 57.62 

2 58 .1 5 
4 58 . 92 
2 57.20 
2 58 . 20 
2 57.61 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

6933 58 1057 8.1 K5 7 39 7 . 916 504 . 94 -2.53 58 
6938 - 3 2019 8 . 5 K5 7 39 42 . 434 300 , 12 -. 12 - 3 
6941 - 2 2251 8 , 2 AO 7 40 7 . 656 301 . 90 -. 13 - 2 
6946 45 1476 7 . 4 KO 7 40 45 . 651 430.32 -1. 35 45 
6953 - 1 1816 8 . 0 K2 7 41 4 . 228 304 . 74 -.1 5 - 1 

6961 27 1464 8 . 4 KO 7 41 29 . 870 370 . 45 -. 64 27 
6964 32 1615 8 . 3 FO 7 41 32 . 974 384 . 13 -. 78 32 
6967 41 1717 8 . 0 KO 7 41 36 . 459 413 . 42 -1.1 3 41 
6978 44 1670 8 . 5 G5 7 42 13 . 916 425 . 40 -1.30 44 
6980 43 1733 8 . 6 KO 7 42 15 . 618 420 . 90 -1.24 43 

6982 26 1638 8 . 1 Kü 7 42 29 . 009 366 . 38 -. 61 26 
6988 38 1815 8 . 2 KO 7 43 16.793 402.64 -1. 01 38 
6989 16 1551 7 . 8 KO 7 43 17 . 810 343 . 09 -.4 1 16 
6992 47 1484 7 . 7 KO 7 43 42 . 003 438 . 29 -1. 51 47 
7008 1 1905 7 . 6 G5 7 44 35 .11 7 309 . 51 -.1 8 1 

7024 31 1668 8 . 5 FO 7 45 34 . 825 379 . 34 -.77 31 
7032 - 0 1828 8 . 4 KO 7 46 3 . 854 306 . 04 -. 16 - 0 
7034 20 1913 7 . 7 KO 7 46 18 . 254 350 . 58 -.49 19 
7049 55 1226 6 . 8 K5 7 47 21 . 470 476 . 72 - 2 .2 2 54 
7057 73 387 8.1 GO 7 47 58 . 519 693 . 64 -7. 98 72 

7069 57 1110 7 . 2 K2 7 48 22 . 856 491 . 53 - 2 . 52 57 
7071 14 1769 8 . 4 KO 7 48 35 .4 26 337 . 63 -.3 8 14 
7077 33 1608 8 .7 KO 7 49 24 . 120 383 . 90 -. 85 32 
7087 20 1933 8 . 1 K7 7 50 9.152 351.18 -. 51 20 
7090 15 1689 8 . 1 KO 7 50 25 . 724 340 . 68 -. 42 15 

7092 17 1696 7 . 3 KO 7 50 34 . 294 343 . 46 -. 44 16 
7094 50 1485 7 . 9 KO 7 51 2 .4 10 447 , 82 -1.79 49 
7097 5 1824 8 . 5 AO 7 51 11.689 318 . 79 -.2 5 5 
7118 18 1778 7 . 4 K2 7 51 56 . 203 346 . 20 -. 48 18 
7124 27 1501 8 . 4 G5 7 52 4 . 787 367 . 98 -. 70 27 

7127 36 1712 8 . 7 G5 7 52 20 . 660 393 . 28 -. 99 36 
7128 9 1813 7 . 2 G5 7 52 27 . 605 327 . 01 -. 31 9 
7133 25 1794 7 . 7 KO 7 53 o . 765 361 . 71 -. 63 24 
7139 64 661 8 . 7 G5 7 53 19 . 599 553 . 40 -4. 09 64 
7141 37 1804 8 . 0 KO 7 53 26 . 979 396 . 03 -1. 04 37 

7152 14 1790 8 . 3 A2 7 53 52 . 920 337 . 65 -. 41 14 
7155 7 1873 8 . 1 A2 7 54 3 . 3C6 322 . 77 -. 29 7 
7157 46 1335 8 . 6 G5 7 54 26 . 45U 431 . 25 -1. 57 46 
7161 33 1623 8 . 3 KO 7 54 46 . 813 383 . 67 -. 89 33 
7170 75 321 8 . 0 G5 7 55 32 . 937 762 . 58 - 11 . 40 75 

7183 35 1722 7 . 5 MO 7 56 10 . 976 388 . 56 -. 97 34 
7185 74 340 8 . 7 G5 7 56 19 . 961 724.89 - 9 . 92 74 
7189 15 1722 8 . 2 KO 7 56 32 . 997 339 . 70 -. 43 15 
7205 40 1978 7 . 6 KO 7 57 33 . 166 405 . 18 - 1 .21 40 
7211 76 302 8 . 4 G5 7 57 47 . 709 799 . 30 -13.33 76 

7225 14 1808 B. O G5 7 58 47 . 064 336 . 65 -. 41 14 
7230 27 1524 8 . 0 KO 7 59 8 . 308 365 . 85 -. 71 26 
7235 68 517 7 . 9 KO 7 59 16 . 926 591 . 58 -5.44 67 
7241 6 1858 8 . 4 G5 7 59 41 . 947 320 . 99 -. 29 6 
7251 10 1710 7 . 8 K2 8 0 30 . 612 327 . 88 - . 35 10 

Position. 1950 + T = Position 1950 + T (1st term) + Tz (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

27 
24 
33 
29 
13 

36 
28 
18 
24 
17 

6 
23 
33 
27 

2 

2 
37 
53 
51 
52 

8 
17 
49 
18 
43 

58 
55 
32 
13 
12 

5 
28 
47 
27 

1 

28 
29 
34 

4 
35 

49 
22 
30 

2 
41 

10 
46 
48 
43 

5 

1950 

15 . 91 
2 . 74 

53 . 55 
20 . 55 
40 . 66 

6 . 45 
1 . 66 

56 , 29 
25 . 39 
44.66 

39 .1 8 
42 .1 2 
40.91 
43 . 36 
34 . 22 

8 .7 5 
7.64 

44.8 0 
36 . 72 
14.08 

47.85 
56 .42 
43 . 03 
32 . 33 
46 . 71 

35 . 91 
0 .11 

21 . 53 
57.62 
43 . 96 

47.43 
57 . 09 
56 . 31 
13.79 
50 . 73 

35 .1 2 
31 .1 2 
23 .14 
36 . 33 
16 . 74 

u . 81 
35 . 58 

9 . 53 
55 . 02 
37 . 50 

48 . 26 
41 . 31 
47 . b4 
50 . 65 

2 . 52 

Precession 

1st 2nd 
No. Epoch 
Obs. 1900+ 

Term Term 

-840 ,1 - 33 . 2 2 58 . 54 
- 844 . 7 - 19 . 7 2 58 . 60 
- 848 . 0 -19.8 2 57 . 18 
-853.1 - 28 . 2 2 57 . 10 
-855.5 - 19 . 9 2 58 . 17 

-858.9 - 24 . 2 2 57 . 71 
- 859 , 3 -25.1 2 57 . 63 
-859.8 - 27 . 0 2 57 . 72 
-864.7 - 27 . 8 2 57 . 19 
-864.9 - 27 . 5 2 59 . 64 

- 866 . 7 - 23 . 9 2 58 . 09 
- 873 . 0 - 26 , 2 2 56 . 69 
- 873 .1 - 22 . 3 2 58 .1 4 
- 876 . 3 - 28 . 5 2 57 . 61 
- 883 . 2 - 20 . 1 2 58 . 17 

-891. 0 - 24 . 6 2 56 . 65 
-894. 8 - 19 . 8 2 56 . 69 
-896.7 - 22 .7 2 56 . 17 
- 904 . 9 - 30 . 8 2 56 . 17 
- 909 . 7 -44. 8 2 56 . 20 

- 912 . 9 - 31 . 7 2 56 . 70 
- 914 . 5 - 21 . 7 2 56 . 64 
- 920 . 8 - 24 . 7 2 56 . 70 
- 926 . 7 - 22 . 5 2 57.17 
-928,8 - 21 . 8 2 58 . 20 

-929. 9 - 22 . 0 2 57 . 06 
- 933 . 5 - 28 . 7 2 57 . 07 
-9 34 .7 - 20 .4 2 56 . 63 
- 940 . 3 - 22 .1 2 56 . 72 
- 941 . 5 - 23 . 4 2 56 . 71 

-943.6 - 25 . l 2 56 . 16 
- 944 . 5 - 20 . 8 2 56 . n 
- 948 . 8 -23-. 0 2 56 . 73 
- 951 . 2 - 35 . 3 2 56 .1 9 
- 952 . 1 -2 5 . 2 2 56 . 63 

-955 . 4 - 21 . 4 2 56 . 70 
- 956 . 8 - 20 . 5 2 56 . 72 
-9 59 . 7 - 27 .4 2 57 . 60 
- 962 . 3 - 24 . 3 2 57 . 19 
-968.2 - 48 . 5 2 57 . 18 

- 973 . l - 24 . 5 2 56 . 69 
- 974 . 2 - 46 . 0 2 57 . 61 
-975.9 - 21 . 4 2 5 7 . 18 
- 983 . 5 - 25 . 5 4 57 . 62 
- 985 . 4 - 50 . 5 2 57 . 06 

-992 . 9 - 21 . 1 2 58 .1 4 
-995. 6 - 22 . 9 2 56 . 70 
-996,7 - 37 . 2 4 58 . 96 
- 999 . 8 -20. 1 4 59 . 16 

-1 006 . 0 -20.5 2 57 . 70 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

Precession 
No. B . D. No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

7257 55 1243 7 . 8 G5 8 0 50 . 392 476 . 14 -2.53 55 
7267 34 1735 8 . 3 G5 8 1 15 . 0ll 384 . 56 -. 96 33 
7271 62 976 8 . 5 K5 8 1 26 . 474 530 . 58 - 3 . 82 62 
7279 12 1762 8 .4 KO 8 2 7 . 916 332 . 47 -. 39 12 
7282 31 1726 8 . 5 KO 8 2 27 . 473 377 . 68 - . 88 31 

7284 18 1839 7.8 K5 8 2 29 . 840 344 . 16 -. 50 17 
7285 5 1869 b . 6 AO 8 2 39 . 213 318 . 52 -. 27 5 
7287 13 ll:!32 7 . 1 KO 8 2 45 . 625 335 . 22 -. 42 13 
7293 19 1925 8 .7 A5 8 3 10 . 985 346 - 60 -. 53 18 
7296 81 263 8 .4 G5 8 3 19.115 1041:l.40 - 29 . 13 81 

7297 50 1508 8 . 6 F2 8 3 20 . 223 444.24 -1.95 5ù 
7311 40 1995 8 . 2 K2 8 4 17 . 684 403 . 31 -1.26 39 
7317 48 1612 7.8 K5 8 4 35 . 265 435 . 72 -1.82 48 
7324 69 455 8 . 5 G5 8 5 1 . 802 614 . 25 -6. 50 69 
7354 59 1144 8 .1 KO 8 6 35 . 704 499.21 -3.21 59 

7358 - 4 2235 7.4 MO 8 6 46.403 298 . 57 -. 14 - 4 
7361 17 1776 8 .1 KO l:l 7 3 . 218 342 . 93 -. 51 17 
7377 31 1753 l:l.O KO 8 8 22 . 960 376 . 57 -. 92 31 
7381 23 1905 8 . 5 AO 8 l:l 32 . 397 356 . 83 -. 67 2j 

7394 25 1872 8 . 6 FO 8 9 4.081 360 . 8 1 -.7 2 25 

7402 40 2010 8 . 3 KO 8 9 50 . 961 402 . 39 -1.32 40 
7403 11 1784 7.8 K5 l:l 9 53.570 329 . 94 -. 39 11 
7406 74 350 7 . 9 K5 8 10 20 . 908 717 . 37 -11. 03 74 
7410 17 1797 8 0 3 K2 8 10 47 . 243 341 . 27 -. 51 16 
7412 38 1881 8 . 5 KO 8 10 53 .185 394 . 86 -1.21 37 

7413 22 1886 8 . 5 F5 8 10 53 . 889 353 . 73 -. 65 22 
7420 1 2035 8 . 4 K2 8 11 14 . 932 310 . 09 -. 23 1 
7435 70 502 7 . 8 KO 8 12 25 .4 16 620 . 47 -7.20 70 
7437 44 1728 9 . Q G5 8 12 21:l . 730 417 . 03 - 1 . 60 44 
7441 0 2232 8 . 2 K5 8 12 51 . 706 307 . 45 -. 21 0 

7442 30 1677 9 . 0 G5 8 12 53 . 352 371 . 34 -.88 29 
7455 9 1915 7 . 7 K2 8 13 32 . 299 326 . 12 -.37 9 
7477 - 1 2001 8 . 4 KO 8 14 46.962 304 . 06 -.1 8 - 1 
7490 6 1924 8 . 4 K5 8 15 43 . 379 319 . 23 -.31 6 
7493 67 534 6 . 8 MO 8 16 0 . 826 577 . 21 - 5 . 88 67 

7495 45 1561 8 . 2 K2 8 16 4 . 994 420 . 52 -1 . 72 45 
7501 57 1131 7 . 8 G5 8 16 19 . 502 480 . 79 -3. 04 57 
7506 31 1784 8 . 5 K2 8 16 27 . 572 373 . 47 -. 94 30 
7508 51 1409 8 . 5 MO 8 16 39 . 867 446 . 21 - 2 . 24 51 
7512 - 0 1962 8 . 2 KO 8 17 2 . 643 306 .11 -.20 - 0 

7513 19 1979 8 . 6 MO 8 17 8 . 197 346 . 66 -.59 19 
7515 38 1897 8 . 2 K2 8 17 16 . 800 395 . 12 -1 . 28 38 
7519 59 1161 8 . 0 AO 8 17 36 . 996 492 . 66 -3.38 59 
7521 78 284 8 . 3 AO 8 17 45 . 008 830 . 24 -17.96 78 
7526 22 1914 8 . 1 G5 8 18 8 . 950 352 . 23 -.67 22 

7533 - 3 2314 8 . 5 KO 8 18 35 . 157 299 . 15 -.15 - 4 
7537 13 1899 8 . 2 K2 8 18 43 . 613 332 . 64 -.44 12 
7538 49 1729 7 . 5 KO 8 18 48 . 197 436 . 58 -2.07 49 
7541 14 1878 7 . 6 KO 8 19 0 . 805 335 . 68 -. 48 14 
7550 11 1824 7 . 4 KO 8 19 39 . 43 0 328 . 27 -.40 10 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P . :U. ) . 

Tin centnries from 1900. 0, T' in centuries from epoch. 

37 
48 
41 
19 
27 

45 
33 
38 
53 
11 

2 
59 
18 
35 
20 

24 
23 
27 
37 
19 

8 
20 
38 
47 
54 

25 
24 
19 
25 

3 

47 
33 
40 

7 
41 

37 
27 
52 
28 
37 

36 
30 
15 

5 
11 

15 
58 
38 
28 
49 

Precession 
1950 1st 2nd 

Term Term 

37 . 17 -1008.5 -29.8 
19.88 -1011.6 - 24 . 0 
14 . 13 - 10 13 . 0 -33.1 
17.74 - 1018 . 2 -20.7 
33 . 37 - 1020 . 7 -23.5 

54.69 -1021.0 - 21.4 
44 . 40 - 1022 . 2 - 19.8 
51 . 76 -1023.0 -20.8 
25 . 29 - 1026 . 2 -21.5 
57 . 23 -1027.2 - 65 . 4 

16 . 02 - 1027 . 3 -27.6 
14.05 -1034.5 -25.0 
34 .7 9 -1036.7 -27.0 
13.71 -1040.0 -38.0 
27 . 65 - 1051 . 7 - 30 . 7 

19.86 -1053.0 -lb.3 
59 . 12 -1 055 . 1 -21.0 
15.19 -1 064 . 9 - 23 . 0 
54 . 97 -1066.1 -21.8 
50 . 77 -1 070 . 0 -22.0 

17.83 - 1075 . 1:l - 24.5 
31 . 12 - 1076 .l - 20 . 1 
49 . 50 - 1079 . 5 -43.8 
55 . 77 - 1082 . 7 -20.1 
22 . 58 -1083.4 -24.0 

54 . 08 -1083.5 -21.5 
32 . 63 -1086.1 -18.8 
55 . 18 - 1094.7 -37.6 
52 . 53 - 1095 . 1 -25.2 
58 . 84 -1097.9 -18.5 

53 . 99 - 1098 . 1 - 22 . 4 
4 0 . 22 -1102.8 -19.6 
58.82 -1111.9 -18.2 
41 . 82 -1118.8 -19.1 

6 . 68 -1120. 9 -34.6 

29 . 36 -1121. 4 -25.2 
45 . 56 -1123. l -28.8 
26 . 98 -1124.1 -22.3 
46 . 61 -1125.6 -26.7 
51.84 -1128.3 -18.2 

4 0 . 92 -1129. 0 -20.6 
15 . 84 -1130.0 -23.5 
14 . 20 -1132.5 -29.4 
58 . 06 -1133.4 -49.7 
28 . 19 -1136.3 -20.9 

12 . 16 -1139.4 -17.7 
23.82 -1140.5 -19.7 
2 0 .78 -1141. 0 -2-5 .9 
44.63 -1142.5 -19.9 
20.97 -1147.2 -19.4 

123 

No. Epoch 
Obs. 1900+ 

2 56 . 71 
2 56 . 70 
2 57 . 17 
2 56 . 61 
2 58.17 

3 59 . 09 
2 51:l . ù9 
3 51:l . 53 
2 56 . 70 
3 5 7 . 8 l:l 

2 57 . 64 
2 57 . 17 
2 58 .1 6 
2 5 7 . 11:l 
2 57 . 20 

4 58 .4 8 
2 56 . 7ê. 
2 58 . 16 
2 57 . 61 
2 5 7 . 01:l 

2 56 . 69 
2 57 . 7ê. 
2 56 . 71 
2 57 . 18 
2 58 . 20 

2 57 . 64 
3 58 . 50 
2 56 . 71 
2 51:l . 15 
2 57 . 17 

2 57.71 
2 57.71 
2 57 . 18 
4 59 . 47 
2 57 . 73 

2 58 . 72 
2 57.64 
2 5 8 . t;,5 
2 58.72 
3 58 . 79 

2 57.11 
2 58.65 
4 5 9 .68 
2 57.71 
2 57.70 

2 57.74 
2 58.22 
2 56.68 
2 57. lt3 
2 57. 72 



124 PUBLICATIONS OF THE DOMINION OBSERVATORY 

Precession 

No. B.D. No. M + Sp. R .A. 1950 1st 2nd Decl. 

Term Term 

7556 62 996 7.8 89 8 19 54 . 461 517.30 -4 . 14 62 
7558 47 1572 8 . 6 G5 8 20 6 . 901 424.48 -1 . 85 46 
7562 36 1808 8 . 3 K2 8 20 32.069 388.12 -1 . 20 36 
7567 7 1971 7 . 6 K5 8 20 49.860 320.68 - . 33 6 
7568 31 1806 7.4 KO 8 20 59.067 374 . 10 - . 99 31 

7575 56 1295 a. a K5 8 21 32 . 532 468.45 -2 . 87 55 
7587 30 1706 B. 7 KO 8 22 14 . 901 369.62 -. 93 29 
7589 24 1921 B.6 KO 8 22 19.855 356 . 88 -. 75 24 
7600 - 3 2341 1 . 2 K5 8 23 18 . 714 299 . 73 -. 15 - 4 
7605 10 1798 7 . 8 KO 8 23 33 . 215 325 . 85 - . 39 9 

7614 66 553 7 . 9 KO 8 24 27 . 353 554 . 16 -5 . 5 1 66 
7616 61 1052 B. 7 AS 8 24 30 . 441 502 . 91 -3 . 88 6 1 
7617 27 1613 8 . 9 KO 8 24 30 . 329 362 . 35 -. 84 27 
7636 17 1852 9 . 0 G5 8 25 35.914 340 . 25 - .56 17 
7644 71 459 7 . 9 F8 8 26 17 . 474 622 . 42 - 8 . 26 71 

7649 76 326 8 . 1 G5 8 26 28 .7 72 734 . 50 - 13 . 7 2 75 
7667 19 2021 8 . 4 K2 8 27 38 . 988 344 . 35 -. 6 1 19 
7673 38 1916 7 . 4 K5 8 2 7 4 8 . 689 392 . 14 -1. 34 38 
7685 7 1988 8 . 4 K5 8 28 32 . 125 320 . 74 - . 35 7 
7688 63 784 8 . 2 K5 8 28 46 . 088 516 . 43 -4 . 45 63 

7694 29 1 7 72 7 . 2 G5 8 29 13 . 852 367 . 43 -. 94 29 
769 7 42 1886 7 . 9 G5 8 29 21 . 995 404 . 02 -1 . 58 42 
7698 13 1936 7 . 6 KO 8 29 25 . 529 331 . 79 -. 47 12 
7712 31 1833 8 . 5 K2 8 30 5 . 020 372 . 73 -1 . 04 3 1 
7719 27 1627 8 . 3 G5 8 30 37 . 027 362 . 44 - . 88 27 

7726 - 2 2613 7 . 9 K5 8 31 0 . 693 302 . 15 -. 18 - 2 
7732 18 1978 7 . 1 K2 8 31 32.071 342 . 76 -. 61 18 
7733 52 1322 7 . 5 G5 8 31 32 . 04 1 444 . 13 - 2 . 50 52 
7753 49 1750 1 . 0 MO 8 33 6 . 132 430 . 36 -2 . 20 49 
7754 79 277 s . s K2 8 33 8.893 860 . 97 - 22 . 82 79 

7757 29 1785 s . o KO 8 33 20 . 049 365 . 14 -. 94 28 
7769 19 2049 s . s A2 8 34 26 . 668 343.37 - . 63 19 
7777 54 1247 8 . 2 KO 8 34 55 . 711 450.26 -2 . 73 53 
7786 17 1896 7 . 7 F5 8 35 39 . 235 339.58 - . 58 1 7 
7787 12 1881 8 . 4 KO 8 35 39 . 425 330 . 69 - . 47 12 

7798 2 2034 s . 2 KO 8 36 29.678 311.52 -. 26 2 
7799 41 1864 7 . 6 K2 8 36 31.629 399.16 - 1 . 58 41 
7806 - 4 2410 8 . o K2 8 36 54 . 770 298 . 85 - . 15 - 4 
7815 38 1940 7.8 KO 8 37 29 . 546 389.01 - 1 . 39 38 
7826 63 789 7 . 1 K5 8 37 44.èJ8u 515.53 - 4 . 78 63 

7830 57 1162 8 . 4 G5 8 37 52.018 465 . 37 -3 . 21 56 
7845 61 1070 7.4 KO 8 38 56.285 493.54 -4 . 09 61 
7862 18 2022 7.9 KO 8 40 17.840 341.21 - . 62 18 
7871 17 1919 8.4 FO 8 40 37.669 338.67 - . 59 17 
7879 9 2038 7.3 KO 8 40 59.295 324.43 - . 41 9 

7882 3 2041 8 . 2 KO 8 41 33 . 298 313.10 - . 28 3 
7883 44 1783 8.4 FB 8 41 39 . 704 406.83 -1 . 80 44 
7896 54 1253 8.4 K5 8 42 15 . 295 447 . 55 -2 . 82 54 
7898 38 1953 8 . 3 KO 8 42 16.291 388.17 -1 . 42 38 
7910 10 1867 s.o KO 8 43 20.293 325.40 - . 43 10 

Position 1950 + T = Posüion 1950 + T (1st term) + T 2 (2Ad term) + T' (P . M. ) . 

Tin centuries from 1900. 0, T' in centuries from epoch. 

27 
57 
28 
58 
27 

56 
4 8 
30 

0 
4 2 

22 
6 
0 
1 

11 

54 
6 

27 
10 

1 

29 
18 
58 
40 
31 

4 8 
34 
22 
33 
16 

52 
2 

53 
14 
39 

19 
32 
40 
20 
38 

52 
6 

19 
3 

31 

14 
21 

5 
32 

8 

1950 

42 . 48 
19 . 80 
35 . 31 
30 . 25 
47 . 94 

14. 73 
54 . 99 
49 . 03 
49 . 31 
27 . 40 

4 8 . 32 
35 . 84 
42 . 39 

8 . 69 
35 . 45 

27 . 22 
42 . 09 
37 . 77 
32 . 56 
18 . 66 

23 . 16 
37. 4 5 
22 . 68 
4 7. 9 1 

o . o4 

19 . 55 
11 . 95 
23 . 40 

0 . 98 
24 . 14 

54 . 32 
41 . 91 
55 . 33 

9 . 99 
50 . 74 

7 . 61 
36 . 25 
59 . 32 
14 . 68 

3 . 82 

3 . 13 
37 . 10 
52 . 09 
51 . 02 
16 . 36 

41 . 39 
59 . 92 
56 . 37 

6 . 17 
5.69 

Precession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

- 1148 . 9 - 30 . 6 2 57.1 0 
- 1150 . 4 -25. 1 2 58 .16 
-11 53 . 4 - 22 . 9 2 56 ■ 71 

- 1155 . 5 - 18 . 8 2 57 . 65 
- 1156 .7 - 22 . 0 2 5 7 . 18 

-1160 . 6 - 27. 6 2 56 . 68 
-116 5. 7 - 21. 7 2 57 . 18 
- 1166 . 2 - 20 . 9 2 58 . 21 
- 1173 . 2 - 17 . 5 2 56 .7 2 
- 11 74 . 9 -1 9 . 0 2 56 . 68 

-11 81. 3 - 32 . 4 2 56 . 72 
- 11 81 . 7 - 29 .4 2 56 .7 0 
-11 8 1. 7 - 21. 1 2 58 .14 
- 1189 . 4 -1 9 . 7 4 5 8 .13 
- 1194 . 2 - 36 . 2 2 56. 68 

- 1195 . 5 -4 2 . 7 2 5 7.7 2 
- 1203 . 7 -1 9 . 8 2 57. 71 
- 1204 . 9 - 22 . 6 2 58 . 16 
- 1210 . 0 - 18 . 4 2 57 . 71 
- 1211 . 6 -29 .7 2 57 . 64 

-1214 . 8 - 21 . 0 2 58 .1 8 
-1215 . 7 - 23 . 2 2 58 . 18 
- 1216 . 1 -19 . 0 2 59 . 73 
- 1220 . 7 - 21 . 3 4 58 . 69 
- 1224. 4 - 20 . 1 3 58 . 54 

- 1227 .1 -17 . 2 2 58 . 26 
- 1230 . 7 -1 9 . 5 2 57 . 71 
- 1230 . 7 - 25 . 3 2 57 . 17 
-1241 . 5 - 24 . 4 2 56 . 68 
- 1241 . 8 -49 . 0 2 57 . 23 

- 1243 . 1 -20 . 6 2 57 . 18 
- 1250 . 7 - 19 . 3 2 57 . 62 
-1254 . 0 - 25 . 3 4 59 . 15 
- 1259 . 0 - 19 . 0 2 58 . 19 
- 1259 . 0 - 18 . 5 2 58 . 72 

- 1264 . 7 - 17 . 3 2 57 . 62 
- 1264 . 9 -22 . 3 2 58 . 73 
- 1267 . 5 - 16 . 6 2 57 . 69 
-1271 . 4 -21 . 6 2 57 . 71 
- 1273 . 1 - 28 . 7 2 57 .1 8 

-1274 . 0 -25 . 9 2 57 . 18 
- 1281 . 2 - 27 . 4 2 56 . 68 
-1290 . 3 - 18 . 8 2 56 . 17 
-1292 . 5 -18 . 6 2 56 . 71 
-1294 . 9 - 17 . 8 2 56 . 72 

- 1298 . 7 -17 . 1 2 57 .1 6 
- 1299 . 4 - 22 . 3 2 56 . 6èJ 
-1303 . 4 - 24 . 5 2 58 . 16 
- 1303 . 5 - 21 . 2 2 56 . 70 
-1310 . 5 -17 . 7 2 58 . 17 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN cmcLE, 1956-1961 

Precession 
No. B.D. No. Il+ Sp. B.A. 1950 1st 2nd Decl. 

Term Term 

7914 5 2050 8.4 G5 8 43 34.013 317.00 -.33 5 
7921 72 429 8.3 KO 8 43 45.396 621.80 -9.58 72 
7924 54 1254 8 0 7 AO 8 44 5.689 449.08 -2.91 54 
7927 36 1870 8.3 K2 8 44 12.732 382.27 -1.33 36 
7932 9 2053 8.2 A5 8 44 28.094 324.30 -.42 9 

7935 23 1999 9.2 F2 8 44 40.892 350.59 -.78 23 
7936 63 798 7.8 G5 8 44 45.859 509.08 -4.84 63 
7942 56 1336 8.2 K2 8 45 16.566 459.02 -3.22 56 
7947 43 1858 8.5 KO 8 45 33.018 401.90 -1.75 43 
7949 31 1884 8.6 KO 8 45 43.455 366.73 -1.05 30 

7955 89 13 7.0 A2 8 45 53.673 4973.05-1446.5 88 
7957 13 1995 7.8 G5 8 46 0.003 330.03 -.49 12 
7962 - 4 2461 7.7 KO 8 46 34.045 298.50 -.15 - 5 
7963 70 536 1.0 MO 8 46 36.676 589.05 -8.22 70 
7971 26 1848 8.1 KO 8 47 11.499 357.08 -.90 26 

7983 46 1446 7.2 K5 8 47 58.418 410.60 -1.99 46 
7985 18 2059 8.1 K5 8 48 7.655 340.00 -.64 18 
7988 16 1833 7.3 G5 8 48 22.950 336.10 -.58 16 
7993 35 1883 8.2 K5 8 49 o.572 377.65 -1.29 35 
8001 19 2113 8.8 KO 8 49 12.93 ù 341.51 -.66 19 

8003 25 2003 8.4 F5 8 49 15.777 354.13 -.86 25 
8014 42 1940 8.2 K5 8 50 8.500 396.53 -1.69 42 
8015 57 1178 a.2 G5 8 50 14-.120 461.64 -3.44 57 
8018 10 1897 8.3 GO 8 50 26.117 325.27 -.44 10 
8019 62 1028 8.1 F5 8 50 28.589 495.22 -4.56 62 

8021 8 2136 8.6 G5 8 50 35.554 321.08 -.39 7 
8023 2 2084 a.o K2 8 50 58.693 310.93 -.27 2 
8025 69 490 8.2 KO 8 51 7.390 558.36 -7.12 68 
8027 53 1290 7.8 KO 8 51 17.848 438.07 -2.76 53 
8028 30 1792 a.o G5 8 51 21.177 364.83 -1. 06 30 

8029 27 1685 6.9 K5 8 51 22.786 357.49 -.93 27 
8030 20 2234 7.5 MO 8 51 23.562 342.53 -.69 19 
8032 - 0 2087 8.3 K2 8 51 25.535 306.61 -.22 - 0 
8044 - 4 2491 8.4 A5 8 52 2.154 298.60 -.14 - 5 
8046 60 1157 a.o KO 8 52 9.136 480.14 -4.1 0 60 

8049 65 672 8.7 K2 8 52 25.703 517.13 -5.47 65 
8060 18 2082 8.2 K5 8 53 1.461 338.68 -.63 17 
8062 23 2015 8.6 F2 8 53 9.546 349.14 -.8 0 23 
8063 39 2174 7.5 KO 8 53 9.787 386.10 -1.50 39 
8069 41 1889 7.6 MO 8 53 55.892 393.20 -1.67 41 

8076 16 1862 7.7 GO 8 54 30.699 335.93 -.6 0 16 
8077 21 1946 8.0 K5 8 54 33.684 345 .50 -.75 21 
8078 67 569 a.2 GO 8 54 36.207 538 .10 -6.44 67 
8082 56 lô51 7.9 G5 8 54 44.477 450.88 -3.23 56 
8083 47 1625 7.6 KO 8 54 53 . 232 410.69 -2.10 46 

8084 75 355 8.4 KO 8 54 54. ll8 684.06 -14.21 75 
8089 48 1705 8.8 KO 8 55 0.277 415.44 -2 .23 48 
8098 2 2114 8.2 KO 8 55 43.856 311.14 -.27 2 
8125 29 1851 7.7 K5 8 57 20.890 360.01 -1.01 28 
8126 - 1 2174 7.8 K2 8 57 25.982 303.41 -.19 - 2 

Poaiii.oa 1~ + T = Poaition 1~ + T (1st t.erm) + T 1 (2Ad term) + T' (P. li.)

T in centuries from 1900. 0, T' in centuries from epoch. 

28 
12 
34 
38 
34 

16 
30 
30 
19 
39 

46 
46 

3 
29 
32 

7 
13 
11 
24 

5 

20 
10 
28 
20 
22 

58 
6 

39 
8 

24 

6 
45 
25 

6 
31 

3 
51 
15 

0 
32 

28 
32 
16 

3 
56 

37 
14 
16 
51 
21 

Precession 
1950 1st 2nd 

Term Term 

12.94 -1312.1 -17.2 
19.20 -1313.3 -34.0 
53.74 -1315.5 -24.4 
26.51 -1316.3 -20.7 
3.73 -1318.0 -17.5 

28.83 -1319.4 -18.9 
32.73 -1320.0 -27.6 
45.52 -1323.3 -24.8 
59.51 -1325.1 -21.7 
55.15 -1326.3 -19.8 

13. 73 -1327.5- 271 .3 
54.31 -1328.l -17.7 
12.42 -1331.8 -16.0 
11.39 -1332.1 -31.8 
28.33 -1335.8 -19.1 

16.60 -1340.9 -22.0 
16.52 -1341.9 -18.1 
13.24 -1343.6 -17.9 
55.16 -1347.7 -20.1 

0.29 -1349. 0 -18.1 

52.37 -1349.3 -18.8 
31.39 -1355.0 -21.0 
14.60 -1355.6 -24.5 
15.12 -1356.9 -17.2 
34.72 -1357.1 -26.3 

2.91 -1357.9 -16.9 
10.52 -1360.4 -16.4 
39.07 -1361.3 -29.6 
49.58 -136 2 .4 -23.1 
30.70 -1362.8 -19.2 

52.02 -1362.9 -1 a.a 
58.67 -1363.0 -18.0 
17.62 -1363.2 -16.1 
15.77 -1367.1 -15.6 
41.67 -1367.9 -25.3 

47.40 -1369.6 -27.2 
25.41 -1373.4 -17.7 
48.80 -1374.3 -18.2 
16.53 -1374.3 -20.2 

1.53 -1379.2 -20.5 

33 .26 -1382.9 -17.4 
38.93 -1383.2 -17.9 

9.21 -1383.5 -28.1 
19.26 -1384.3 -23.5 
44.75 -1385.3 -21.3 

26 . 36 -1385.3 -35 . 7 
36 .7 0 -1386.0 -21.6 

2.52 -1390.6 -16.0 
52.44 -1400.7 -18.5 
9.05 -1401.2 -15.5 

125 

No. Epoch 
Obs. 190o+ 

2 57 .16 
2 57.25 
2 56.70 
2 58.18 
3 59. 13 

2 57.71 
2 58 .62 
2 57.17 
2 57.19 
2 58.19 

2 57.73 
2 59 .68 
2 57.73 
2 58.72 
3 58.82 

2 56.69 
2 58.16 
2 58.65 
3 59.21 
2 57.23 

2 57.20 
2 56.16 
2 57. 71 
2 57.71 
2 58.61 

2 57.74 
2 58 . 18 
2 59.73 
2 56 . 71 
2 57.25 

2 57.65 
4 59.68 
2 58.74 
2 58.72 
2 57.70 

2 56 .7 3 
2 58.17 
2 57 .2 3 
2 57.20 
2 57.72 

2 56.18 
2 58.24 
2 57 . 74 
2 58.61 
3 59.11 

2 57.72 
3 58 . 55 
2 5 8 • 2 3 
2 57.17 
2 57.65 



126 PUBLICATIONS OF THE DO MINION OBSERVATORY 

Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

8130 54 1270 8.2 G5 8 57 43.698 437.32 -2 . 89 53 43 
8132 59 1212 7.5 KO 8 57 59 . 637 469.86 - 3 . 94 59 36 
8136 37 1938 8.4 G5 8 58 12 . 262 379.31 - 1 . 41 37 5 
8139 63 815 8.3 M2 8 58 29 . 115 497 . 60 - 4 . 97 63 26 
8146 83 236 8.4 GO 8 58 44 . 720 1125 . 26 - 57 . 56 83 22 

8157 31 1923 7 . 8 K5 8 59 39 . 516 365 . 46 - 1 . 14 31 33 
8159 22 2039 8.0 G5 8 59 52 . 807 344 . 98 - . 76 21 43 
8161 9 2112 8.5 A2 8 59 56.497 321 . 76 -. 41 8 40 
8164 57 1189 8.4 K7 9 0 6 . 513 455 . 76 - 3 . 53 57 32 
8168 27 1708 8 . 2 K2 9 0 17 . 133 356 . 26 -. 96 27 24 

8180 44 1817 7 . 7 K2 9 1 9 . 135 396 . 98 - 1 . 85 43 38 
8181 40 2146 8.8 MO 9 1 11 . 589 387 . 79 - 1 . 63 40 34 
8193 13 2036 7 . 4 G5 9 2 13 . 290 329 . 87 -. 53 13 32 
8196 - 4 2533 8 . 2 KO 9 2 25 . 683 300 . 01 -. 15 - 4 28 
8197 1 2231 8 . 3 KO 9 2 27 . 076 309 . 33 -. 25 

8204 17 2004 8 . 0 A2 9 2 57 . 266 336 . 89 -. 64 
8206 46 1472 8 . 4 KO 9 3 4 . 294 405. 11 -2 . 08 
8207 61 1101 7 . 9 KO 9 3 8 . 727 473 . 56 - 4 . 24 
8209 15 1977 7 . 6 MO 9 3 35 . 206 333 . 07 -. 59 
8210 52 1362 7 . 2 KO 9 3 41 . 386 425 . 58 -2 . 67 

8212 24 2040 B. 7 MO 9 3 48 . 597 349 . 84 -. 87 
8221 69 506 7 . 7 MO 9 4 29 . 928 553 . 89 - 7 . 75 
8226 47 1642 7 . 5 KO 9 4 42 . 456 408 . 74 - 2 . 21 
8229 55 1315 8 . 6 KO 9 4 54 . 676 44U o76 -3 . 17 
8233 41 1922 8 . 2 K5 9 5 14 . 406 388 . 55 - 1 . 70 

8234 14 2033 7 . 3 K5 9 5 21 . 175 330 . 75 -. 55 
8240 17 2018 7 . 3 KO 9 5 46 . 655 335 . 31 -. 62 
8243 4 2126 8 . 2 F8 9 6 16 . 835 314 . 01 -. 32 
8246 8 2172 7 . 0 KO 9 6 22.018 319 . 77 -. 39 
8247 6 2109 7 . 9 G5 9 6 23 . 868 316 . 67 -. 35 

8254 32 1845 8.6 KO 9 6 45 . 977 365 . 34 -1 . 19 
8256 43 1885 8 . 4 A5 9 6 50 . 884 393 . 19 -1 . 84 
8261 23 2055 7 . 6 K5 9 7 5.223 345 . 95 - . 81 
8264 38 2006 8.0 G5 9 7 35 . 906 380.08 -1 . 52 
8268 1 2247 8 . 1 F5 9 8 1 . 337 309 . 38 - . 26 

8276 45 1688 7.1 KO 9 8 27 . 85U 398.35 - 1 . 99 
8278 59 1225 7 . 6 KO 9 8 39 . 617 458 . 02 -3 . 87 
8282 29 1879 8 • 0 KO 9 8 58 . 709 357.77 - 1 . 05 
8286 - 2 2808 8.4 KO 9 9 15 . 456 302 . 68 - . 17 -
8299 12 1991 8.6 G5 9 10 10 . 772 327 . 25 -. 51 

8302 24 2054 7.8 KO 9 10 39 . 115 348.34 -. 88 
8307 8 2186 8.2 F5 9 11 4 . 274 319 . 64 -. 40 
8315 30 1834 8.2 G5 9 11 24 . 023 359.41 - 1 . 10 
8319 28 1718 8.8 KO 9 11 38.651 354.93 -1 . 01 
8321 12 1997 8.0 K2 9 11 58.154 325.85 -. 49 

8322 23 2062 8.3 KO 9 12 0.293 345.13 -. 82 
8324 37 1956 8.2 KO 9 12 1.768 375 . 35 - 1 . 46 
8332 51 1492 8.5 KO 9 12 39.759 416.95 -2 . 60 
8344 20 <'293 8.4 FO 9 13 14.438 340.17 -. 74 
8354 43 1901 7.9 Kù 9 13 49.251 390.82 -1 . 88 

Position 1950 + T = Position 1950 + T (1st term) + Tz (2nd term) + T' (P . M. ) . 

T in centuries from 1900 . 0, T' in centuries from epoch . 

1 13 

17 35 
46 22 
60 43 
15 28 
51 49 

24 35 
69 24 
47 37 
55 17 
41 20 

14 14 
16 54 

4 9 
7 42 
5 48 

32 19 
43 8 
22 52 
38 33 

1 17 

45 1 
58 55 
29 4 

2 56 
12 27 

24 30 
7 48 

30 9 
27 59 
11 42 

22 55 
37 16 
50 53 
2J 16 
43 17 

1950 

22 . 09 
47 . 68 
14 . 65 
36 . 31 
30 . 76 

46 . 54 
1 . 73 

55 . 68 
4 . 24 

35 . 54 

28 . 55 
0 . 32 

37 . 73 
27 . 88 
37 . 52 

26 . 35 
18 . 57 
44 . 86 
32 . 45 
52 . 96 

25 . 98 
48 . 62 
32 . 38 
15 . 64 
51 . 52 

42 . 27 
17 . 53 
44 . 41 
59 . 74 
38 . 86 

56 . 78 
39 . 30 
53 . 65 

0 . 48 
29 . 29 

46 . 03 
2 . 45 

38 . 31 
16 . 30 
20 . 01 

0 . 67 
35 . 07 

8 . 26 
30 . 10 
17 . 24 

12 . 49 
5 . 57 

19 . 83 
56 . 36 
41.62 

Prece ssion 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

- 1403 . 1 - 22 . 5 2 57 . 71 
- 1404 . 8 - 24 . 1 2 57 . 62 
- 1406 . l - 19 . 4 2 57 . 18 
- 1407 . 8 - 25 . 5 2 56 . 18 
- 1409 . 4 - 58 . 0 2 57 . 26 

- 1415 . 1 - 18 . 6 2 58 . 18 
- 1416 . 5 - 17 . 5 2 58 . 24 
- 1416 . 9 - 16 . 3 3 59 . 21 
- 1417 . 9 - 23 . 2 2 57 . 63 
- 1419 . 0 - 18 . 0 2 58 . 65 

- 1424 . 3 - 20 . 1 2 57 . 17 
- 1424 . 6 - 19 . 6 2 56 . 70 
- 1430 . 9 - 16 . 5 3 59 . 20 
- 1432 . 2 - 15 . 0 2 58 . 71 
- 1432 . 3 - 15 . 5 2 57 . 64 

- 1435 . 4 - 16 . 8 2 57 . 73 
- 1436 . l - 20 . 3 2 58 . 67 
- 1436 . 5 - 23 . 8 2 57 . 73 
- 1439 . 2 - 16 . 6 2 56 . 68 
- 1439 . 9 - 21 . 3 2 58 . 19 

- 1440 . 6 - 17 . 4 2 58 . 65 
- 1444 . 8 - 27 . 7 2 57 . 24 
- 1446 . 0 - 20 . 3 2 57 . 73 
- 1447 . 3 - 21 . 9 2 58 . 74 
- 1449 . 3 - 19 . 3 2 58 . 17 

- 1449 . 9 - 16 . 3 2 58 . 65 
- 1452 . 5 - 16 . 5 2 58 . 19 
- 1455 . 5 -15 . 4 2 59 . 19 
-1456 . 0 - 15 . 7 2 59 . 26 
-1 456 . 2 - 15 . 5 2 57 . 73 

- 1458 . 4 -18 . 0 2 57 . 71 
- 1458 . 9 - 19 . 3 5 59 . 78 
- 1460 . 4 - 17 . 0 2 57 . 72 
- 1463 . 4 - 18 . 6 2 56 . 71 
- 1466 . 0 - 15 . 1 4 57 . 96 

- 1468 . 6 - 19 . 4 2 57 . 77 
- 1469 . 8 - 22 . 4 2 56 . 72 
- 1471 . 6 - 17 . 4 2 56 . 71 
- 1473 . 3 - 14 . 6 2 57 . 70 
- 1478 . 8 - 15 . 8 2 58 . Hl 

- 1481 . 5 - 16 . 8 2 57 . 62 
-1484 . 0 - 15 . 3 2 57 . 19 
- 1485 . 9 - 17 . 3 4 58 . 92 
- 1487 . 4 - 17 . 0 2 56 . 73 
-1489 . 3 - 15 . 6 2 57 . 72 

-1489 . 5 - 16 . 5 2 58 . n 
-1489 . 6 - 18 . 0 2. 57 . 18 
-1493 . 3 - 19 . 9 2 57 . 19 
- 1496 . 7 - 16 . 2. 2. 57 . 17 
-1500 . 1 - 18 . 6 4 57 . 91 



RESULTS OF OBSERVATIONS MAD E WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

8355 78 303 7 . 8 G5 9 13 52 . 170 730 . 61 - 20 . 37 78 
8363 31 1961 8 .1 KO 9 14 26 . 679 361 . 49 -1. 17 31 
8368 61 1111 8 . 5 A2 9 14 49 . 963 467 . 04 -4.41 61 
8369 17 2053 8 . 1 AO 9 14 51 . 212 334 . 14 -.63 16 
8381 52 1380 8 .1 FO 9 15 43 . 740 419 . 06 -2 . 73 51 

8382 42 1994 8 .1 KO 9 15 47 . 016 386 - 09 -1. 77 41 
8397 60 1181 7.5 KO 9 16 40 . 971 458 . 60 - 4 . 14 59 
8398 10 1972 7 . 0 KO 9 16 49 . 287 322 . 7 2 -.4 5 1 0 
8427 12 2024 8 . 2 K2 9 18 41 . 787 326 . 61 -. 52 lL 
8431 67 586 8 . 7 K 9 18 4 7 . 775 513 . 09 - 6 . 61 67 

8439 22 2082 7 . 7 KO 9 19 8 . 6v4 341 . 68 -. 79 21 
8445 46 1494 8 . 8 G5 9 19 22 . 480 398 .11 - 2 .1 6 46 
8446 - 2 2863 8 . 0 K2 9 19 23 . 571 303 .42 -.1 8 - 2 
8448 63 838 8.5 K2 9 19 33 . 723 479 .14 -5.ù9 63 
8452 81 295 8 .7 KO 9 19 55 . 373 835 . 53 - 31 . 53 8CJ 

8457 55 1331 7.5 KO 9 20 15 . 4ù9 431 .7 U -3.25 55 
8461 71 503 8 . 6 G5 9 20 50 . 738 550 . 96 -8.73 70 
8473 - 4 2608 7.7 K2 9 21 25 . 024 299 . 64 -. 13 - 5 
8482 44 1861 7.7 KO 9 22 2 . 819 390 . 05 -1.97 44 
8489 6 2 173 7.8 KO 9 22 44 .1 86 316 . 94 -. 37 6 

8508 17 2084 7.9 MO 9 23 51 . 587 332 . 92 -. 64 16 
8512 - 1 2260 8 . 5 KO 9 24 16 .7 69 305 . 06 -.1 9 - 1 
8513 29 1903 8 . 8 KO 9 24 25- .4 33 354 . 70 -1. 09 29 
8522 49 1841 7.9 KO 9 24 57 . 580 403.90 - 2 . 43 49 
8528 28 1761 8 . 8 KO 9 25 14.557 352 .5 0 -1.05 28 

8531 10 2002 8.0 K2 9 25 25 . 852 322 . 70 -.46 10 
8532 50 1644 7.4 MO 9 25 36 . 008 407 . 56 - 2 . 56 50 
8539 52 1395 8 . 8 G5 9 26 5 . 314 412.86 - 2 . 75 51 
8541 41 1968 8 . o KO 9 26 14.771 378.65 -1. 71 4 0 
8543 0 2522 8 .4 KO 9 26 18.755 307 . 37 -. 22 0 

8545 18 2207 7 . 4 KO 9 26 46 . 067 334 . 03 -.67 17 
8555 25 2105 8 . 6 KO 9 27 13 . 235 345 . 68 -. 91 24 
8559 59 1238 7. 3 K2 9 27 31 . 940 444.47 - 3 . 95 58 
8573 16 1984 7 . 6 KO 9 28 53 . 822 330 . 78 -. 62 15 
8575 42 2018 8 . 8 AO 9 29 0 . 009 382 . 43 -1.85 42 

8580 9 2195 8 . 5 KO 9 29 13 . 25ti 320 . 87 -. 44 9 
8581 48 1779 8 . 1 KO 9 29 14 . 387 399 . 84 -2.38 48 
8583 37 1995 8 . 0 A2 9 29 21 . 256 369 . 93 - 1 . 50 3 7 
8589 20 2335 7 . 7 KO 9 29 52 . 316 337 . 08 -. 74 20 
8590 7 2147 7 . 4 K2 9 29 53 . 568 317 . 73 -. 39 7 

8591 63 848 7 . 8 G5 9 29 54 . 231 467 . 40 -5. 01 63 
8593 31 2000 8 .1 KO 9 30 4.19 8 355 .7 8 -1.16 30 
8601 61 1131 tl . 2 KO 9 30 34 . 585 454 . 84 -4.48 61 
8623 8 2243 7 . 7 MO 9 32 1.892 319 . 22 -.41 8 
8636 65 723 8 . 1 G5 9 32 33 . 015 476.1 0 -5.5 3 64 

8646 34 2010 8 . 5 KO 9 33 14 . 925 361 . 66 -1.33 34 
8648 5 2204 7 . 2 K2 9 33 27 . 519 313 . 94 -.33 4 
8650 17 2108 b . 4 KO 9 33 33 . 838 332 . 3ti -.66 17 
8668 69 526 tl . l FO 9 34 38 .94 9 519 . 25 -7.9 2 69 
8674 48 1789 8 . 1 F8 9 34 46 . 348 394 . 54 - 2 . 32 47 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2od term) + T' (P. M.)

T in centuries from 1900. 0, T' in centuries from epoch. 

10 
30 

5 
54 
50 

54 
59 

0 
34 
13 

42 
29 
35 
23 
45 

24 
39 

8 
14 
28 

54 
32 
27 

5 
24 

26 
14 
46 
38 

1 

52 
54 
58 
59 
33 

24 
33 
28 

4 
17 

3 
47 
12 
24 
35 

14 
44 
27 
30 
47 

Precession 
1950 1st 2nd 

Term Term 

42.26 -15 00 . 4 - 35 . 0 
39 . 27 -15 03 . 7 - 17.1 
50 . 52 - 1505 . 9 -2 2 . 1 
55 . 50 - 1506 . 0 - 15 . 7 
40 . 62 - 1511.1 -1 9 . 7 

36 . 02 -1511.4 -18 . 2 
35 . 06 -1516.5 -21.5 

6 . 76 -1517.3 -15. 1 
10 . 55 - 1528.0 -1 5 . 1 

0 . 42 -1528.6 - d . 9 

43 . 69 -153 0 . 5 - 15 . 8 
34 . 45 - 1531 . 8 - 18 . 4 
34 . 24 - 1532.0 -13. 9 
18 . 86 -1532.9 - 22 . 2 
38 . 13 - 1534 . 9 - 38.8 

27 . 79 - 1536 . 8 -19.9 
37 . 06 - 1540 .l -25 . 4 
46 . 84 - 1543 . 3 -13.6 

0 .1 9 -1546.8 - 17 . 7 
29 . 33 - 1550 . 6 -14. 3 

56 . 05 -1556.9 - 15 . 0 
49 . 88 - 1559 . 2 -13.6 

7 . 62 -1 559 . 9 -15.9 
59 . 18 -1562.9 -1 8 . l 
27 . 58 -1 564 . 4 -15.7 

11. 07 -1565.4 -14.4 
59 . 76 -1 566 . 4 -18 • 2 

5 . 37 -1569. 0 - 18 .4 
57 . 44 - 1569 . 9 -16. 8 
59 . 35 -157 0 . 2 -1 3 . 6 

17 . 03 -1572.7 -14.8 
0 . 98 -1575. 2 -15 . 2 

37 . 86 -1576 . 9 -1 9 .7 
28 . 32 - 1584 . 2 -14.4 
13 . 30 -15 84 . 7 -16.7 

34 . 75 -15 85 . 9 -14.0 
12.24 - 1586.0 -17. 5 
57 . 93 -15 ti6 . 6 -16.1 
39 . 87 - 1589.4 -14. 6 

7 . 41 -1 589 . 5 -1 3 . 8 

0 . 76 -158 9 . 6 -20 . 4 
30.09 -1590 . 4 -1 5 . 5 
20 . 90 -15 93 .l -1 9 . 8 
38. 82 -1 600 . 8 -1 3 . 7 
40 . 60 -1603.6 - 20 . 5 

30 . 28 -1 607 .2 -15.4 
20 . 97 -16 08 . 3 -1 3 . 3 
16. 6ti -1 608 . 9 -14.l 
52 . 16 - 1614 . 5 - 22 . 1 
12.85 -1 615 . 2 -16.7 

127 

No. Epoch 
Obs. 1900+ 

2 56 . 69 
2 56 . 24 
2 56 . 73 
2 56 . 72 
2 57 . 18 

2 56 . 65 
2 5 8 . 1 7 
2 56. léJ 
2. 57 . 10 
2 56 .7 2 

2 56 . 72 
2 57 . 15 
2 5 8 . 1 7 
2 57 . 71 
2 57 . 19 

2 56 . 72 
2 57 . 17 
2 56.19 
2 56 . 71 
2 5 7 . 62 

2 56 . 65 
2 56 . 74 
2 56 . 72 
2 56 . 64 
2 57 . 15 

2 57 . 24 
2 56 . 19 
2 57 . 64 
2 56 . 72 
2 57 . 71 

2 5'7 . 18 
3 59.14 
2 5 ti. 25 
2 56 . 70 
2 57.65 

3 59 . 20 
2 58 . 19 
2 58.74 
2 57 . 26 
2. 59 . 17 

2 59 . 22 
2 59 . 24 
2 57.69 
2 56 . 61 
2 56 . 73 

2 57 . 11 
2 56 . 70 
2 56 . 70 
2 57 . 72 
2 57 . 25 



128 PUBLICATIONS OF THE DOMINION OBSERVATORY 

Precession 
No. B.D. No. M + Sp. R.A. 1950 let 2nd Decl. 

Term Term 

8676 11 2067 8.5 K5 9 34 57.905 322.66 -.48 10 
8685 59 1249 7.1 MO 9 35 22.978 437.36 -3.92 58 
8695 22 2112 8.5 KO 9 35 '52.123 338. 71 -.80 21 
8704 15 2091 8.1 G5 9 36 20.080 327.81 -.58 14 
8712 - 2 2948 8.4 K5 9 36 49.864 303.99 -.16 - 2 

8716 3 2249 1.2 G5 9 37 3.624 311.99 -.29 3 
8723 32 1912 8.7 K5 9 37 43.664 355.56 -1.22 31 
8743 16 2010 7.7 KO 9 39 1.473 329.41 -.62 15 
8745 48 1796 8.5 K5 9 39 19.430 391.96 -2.31 47 
8754 37 2016 7.3 K2 9 40 1.627 365.82 -1.51 37 

8770 12 2082 7 • 8 K5 9 41 1 • 344 324.06 -.~l l.Z 
8772 1 2352 8.2 FO 9 41 3.983 308.28 -.23 0 
8774 22 2124 8.8 KO 9 41 5.907 338.54 -.82 22 
8776 39 2275 8.5 KO 9 41 12.975 368.23 -1.59 38 
8778 35 2046 7.6 MO 9 41 15.530 360.47 -1.38 34 

8785 2 2243 8.1 KO 9 41 48.520 310.24 -.26 2 
8787 17 2125 8.2 G5 9 41 49.462 329.98 -.64 16 
8808 85 150 7.8 G8 9 44 22.279 1113.35 -84.07 84 
8809 33 1907 7.5 MO 9 44 22.65ù 355.76 -1.28 33 
8817 49 1880 s.o K2 9 44 46.179 393.70 -2.47 49 

8820 11 2102 7.8 KO 9 44 48.372 321.88 -.48 11 
8822 6 2211 8.8 A5 9 45 0.287 314.86 -.34 5 
8830 55 1349 a.a K5 9 45 28.495 414.44 -3.28 55 
8838 47 1707 8.7 A2 9 46 3.844 385.98 -2.23 46 
8843 18 2274 7.4 KO 9 46 19.859 331.65 -.69 18 

8844 25 2157 8.8 K2 9 46 21.642 341.13 -.91 24 
8848 - 4 2728 8.2 MO 9 46 34.448 301.36 -.11 - 4 
8850 52 1424 7.5 K5 9 46 46.179 400.05 -2.75 51 
8853 26 2013 8.6 K2 9 47 7.138 342.47 -.95 25 
8859 75 396 8.4 KO 9 47 36.841 573.31 -12.71 74 

8861 42 2051 8.5 KO 9 47 46.154 374.13 -1.87 42 
8864 2 2255 7.8 KO 9 47 56.033 309.95 -.25 2 
8868 80 302 8.8 KO 9 48 15.173 715.05 -25.98 79 
8871 1 2370 8.8 A2 9 48 23.186 308.65 -.23 1 
8872 16 2039 7.9 KO 9 48 29.344 328.89 -.63 16 

8882 20 2387 7.7 KO 9 49 2.532 334.21 -.76 20 
8888 36 2006 6.9 MO 9 49 30.852 359.20 -1.43 35 
8889 41 2021 7.9 KO 9 49 31.155 369.09 -1.73 40 
8894 23 2156 8.0 KO 9 50 2 .tJ22 337.58 -.84 22 
8895 65 741 7.7 KO 9 50 4.859 461.38 -5.65 65 

8896 58 1219 8.3 K2 9 50 5.847 423.33 -3.80 58 
8900 11 2117 8.3 G5 9 50 40.221 321.75 -.48 11 
8904 15 2127 7.3 GO 9 51 5.305 326.39 -.58 14 
8913 5 2248 6.8 K5 9 51 29.890 313.77 -.32 5 
8919 45 1774 8 . 5 G5 9 51 43.700 378.10 -2.05 44 

8924 - 1 2319 a.o KO 9 52 o.773 304 .38 -.15 - 2 
8929 49 1896 8.2 A2 9 52 22.278 387.74 -2.41 48 
8?50 64 762 7.7 G5 9 53 47.288 448.27 -5.14 63 
8953 47 1724 tJ. 5 KO 9 53 53.310 383 .69 -2.29 47 
8954 0 2588 7.6 K5 9 54 5.604 307.05 -.19 - 0 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

58 
46 
45 
38 
26 

25 
49 
59 
43 
21 

23 
42 
17 
41 
57 

11 
38 
42 

0 
16 

4 
47 
21 
51 
17 

40 
38 
38 
38 
39 

30 
3 

53 
2 

33 

23 
45 
36 
51 

l 

15 
24 
58 
1 L) 

55 

22 
42 
36 
32 
13 

1950 

53.71 
27.74 
56.22 
55.17 
39.13 

19.36 
19.65 
0.67 
9.79 

27.38 

21.90 
59.00 
49.78 
18.72 

3.23 

54.92 
38.14 
59.15 
52.29 
52.08 

34.32 
3LJ.88 
39.20 
18.63 
28.16 

37.86 
31.33 
40.26 
33.83 
35 • 82 

22.75 
43.01 
49.56 
27.73 
17.53 

59.56 
35.48 
43.79 
21. 20 
30.61 

53.27 
25.59 
28.92 
54.50 
48.82 

51.09 
30.03 
53.20 
30.55 
23.86 

Precession 

let 2nd No. Epoch 

Term Term Obs. 1900+ 

-1616.l -13.6 2 57.26 
-1618.3 -18.5 2 57.ù9 
-1620.8 -14.2 2 58.21 
-1623.2 -13.7 2 57.72 
-1625.7 -12.6 2 57.70 

-1626.9 -12.9 3 5 8 • 53 
-1630.3 -14.7 2 57.ù9 
-1636.9 -13.5 2 56.71 
-1638.4 -16.1 2 56.25 
-1641.9 -14.9 2 56.61 

-1646.9 -13.1 2 56.18 
-1647.1 -12.4 2 56.71 
-1647.3 -13.7 2 57.23 
-1647.9 -14.9 2 57.63 
-1648.l -14.6 2 57.18 

-1650.8 -12.5 2 57.25 
-1650.9 -13.3 2 57.20 
-1663.4 -44.9 2 56.71 
-1663.4 -14.l 2 56.69 
-1665.4 -15.6 2 57.17 

-1665.5 -12.7 2 57.73 
-1666.5 -12.4 2 57.26 
-1668.8 -16.4 2 56.73 
-1671.6 -15.2 2 56.73 
-1672.9 -13.0 2 57.17 

-1673.1 -13.3 2 57.72 
-1674.1 -11. 7 2 56.71 
-1675.0 -15.7 2 57.20 
-1676.7 -13.3 t. 57.17 
-1679.1 -22.5 2 58. 71 

-1679.8 -14.5 2 57.23 
-1680.6 -12.0 2 57.18 
-1682.1 -28.0 2 57.71 
-1682.7 -11.9 2 57.26 
-1683.2 -12.7 2 58.65 

-1685.8 -12.8 2 57.26 
-168!:l.l -13.8 2 57.70 
-1688.l -14.l 2 57.16 
-1690.6 -12.9 2 57.23 
-1690.8 -17.7 2 57.72 

-1690.8 -16.2 ' 57.71 
-1693.5 -12.2 ' 57. 73 
-1695.5 -12.3 ' 56.63 
-1697.3 -11.8 < 56.71 
-1698.4 -14.3 ' 57.20 

-1699.8 -11.4 < 57.25 
-1701.4 -14.6 ' 56.68 
-1707.9 -16.7 ' 57 • 18 
-1708.4 -14.3 ' 56.70 
-1709.3 -11.3 ' 57.17 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

Precession 
No. B.D. No. .Il+ Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

8959 24 2156 8.3 G5 9 54 17.861 338. 7-2 -.89 24 
8962 19 2284 1.a KO 9 54 37.511 331.98 -.73 19 
8965 17 2156 7.4 KO 9 54 49.836 328.15 -.63 16 
8966 35 2086 1.0 K5 9 54 51.583 356.57 -1.40 35 
8982 30 1940 B.l KO 9 55 36.526 346.81 -1.13 29 

8983 76 371 a.o K2 9 55 45.636 589.84 -15.13 76 
8989 57 1240 7.4 KO 9 56 10.200 412.02 -3.50 56 
8999 26 2031 8.6 KO 9 56 48.801 341.30 -.98 26 
9011 - 4 2775 7.6 K2 9 57 33.047 301.65 -.09 - 4 
9021 69 551 7.9 KO 9 58 25.005 486.07 -7.59 69 

9028 7 2219 8.4 FB 9 58 38.610 316.15 -.37 7 
9036 - 1 2338 8.8 FB 9 59 19.740 304.95 -.15 - 2 
9038 58 1230 B.9 KO 9 59 29.185 415.12 -3.74 58 
9045 46 1574 7.5 KO 9 59 57.178 377.60 -2.18 46 
9054 34 2073 a.a F2 10 0 38.825 352.62 -1.34 34 

9058 4 2283 1.2 KO 10 l 2.786 312.21 -.29 4 
9064 56 1428 7.6 K5 10 1 33.602 404.22 -3.31 55 
9066 28 1835 8.1 A5 10 1 42.448 342.52 -1.04 28 
9071 51 1572 1.0 K2 10 1 59.998 387.99 -2.63 50 
9072 5 2280 7.5 GO 10 2 10.920 313.36 -.31 5 

9081 20 2430 a.2 G5 10 2 26.381 330.78 -.73 19 
9082 17 2169 8.6 KO 10 2 34.075 326.99 -.63 16 
9084 - 2 3052 7.3 K5 10 2 40,528 303.58 -.11 - 3· 
9087 35 2102 7.2 KO 10 2 52.626 353.51 -1.39 35 
9091 67 634 7.6 K5 10 3 16.760 457.58 -6.16 66 

9092 31 2097 8 0 4 G5 10 3 18.491 347.20 -1.20 31 
9099 61 1165 1.0 K5 10 3 42.497 425.25 -4.39 61 
9101 42 2086 7.8 K2 10 3 48.299 366.85 -1.86 42 
9111 11 2166 a.1 K5 10 4 3.961 320.41 -.47 11 
9113 14 2202 a.a MO 10 4 20.476 323.92 -.56 14 

9120 43 1990 B.7 G5 10 4 40.708 367.97 -!.90 43 
9130 27 1852 a.1 KO 10 5 19.721 340.05 -1.00 27 
9136 56 1434 7.8 K5 10 6 19.180 399.97 -3.26 55 
9139 83 280 7.3 KO 10 6 25.923 799.78 -43.09 82 
9141 49 1923 8.6 A3 10 6 39.113 379.97 -2.42 48 

9142 27 1853 8.o FO 10 6 40.536 340.06 -1.01 27 
9147 10 2116 7.1 MO 10 6 52.444 318.31 -.43 9 
9148 - 3 2860 8.4 K5 10 6 57.054 303.23 -.09 - 3 
9150 3 2323 8.2 KO 10 7 6.908 311.09 -. 26 3 
9152 62 1110 B.6 A2 10 7 10.974 427.12 -4.64 62 

9153 59 1291 8.4 K2 10 7 12.644 411.84 -3.86 58 
9156 65 756 7.9 KO 10 7 42.838 440.89 -5.44 64 
9164 - 1 2356 7.8 G5 10 8 28.810 304.96 -.12 - 2 
9167 67 637 8.6 KO 10 8 32.259 457.76 -6.50 67 
9169 30 1974 8.5 KO 10 8 54.033 343.85 -1.14 30 

9170 12 2162 7.8 K5 10 8 54.979 320.89 -.49 12 
9172 44 1958 a.5 F2 10 8 59.125 366.96 -1.95 43 
9176 54 1354 8.6 K5 10 9 3. pl 394.38 -3.09 54 
9180 20 2447 7.7 G5 10 9 17.757 330.37 -.74 2ü 
9183 25 2212 B.6 K7 10 9 40. 712 336.36 -.92 25 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + 'I' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

15 
31 
41 
21 
46 

17 
42 
24 
46 
16 

27 
1 
6 

26 
16 

12 
43 

5 
47 
14 

40 
42 
16 
14 
33 

28 
9 

31 
25 
24 

15 
2 

32 
38 
52 

18 
50 
42 
24 
12 

51 
47 
10 
27 
23 

17 
47 
27 
21 

8 

Precession 
1950 1st ?ad 

Term Term 

22.86 -1710.3 -12.5 
41. 58 -1711.B -12.2 
51.89 -1712.7 -12.1 
47.64 -1712.B -13.l 
26.07 -1716.2 -12.7 

14.10 -1716.9 -21.a 
51.09 -1718.8 -15.1 
35.63 -1721.6 -12.4 
21.17 -1724.9 -10.8 
56.02 -1728.8 -17.6 

6.62 -1729.8 -11.3 
46.62 -1732.B -10.a 
38.20 -1733.5 -14.8 
21.18 -1735.5 -13.4 

1.74 -1738.6 -12.4 

50.60 -1740.3 -10.9 
51.78 -1742.5 -14.2 
24.25 -1743.2 -11.9 
40.45 -1744.4 -13.5 
49.69 -1745.2 -10.9 

56.19 -1746.3 -11.5 
33.34 -1746.9 -11.3 
26.32 -1747.3 -10.5 
47.18 -1748.2 -12.2 
32.94 -1749.9 -15.9 

31.25 -1750.0 -12.0 
51.50 -1751.7 -14.7 
58.41 -1752.1 -12.6 
20.43 -1753. 2 -10.9 

B.87 -1754.4 -11.0 

51.01 -1755.8 -12.6 
36.58 -1758.6 -11.5 
3.53 -1762.7 -13.5 

51.54 -1763.2 -27.3 
39.58 -1764.1 -12.8 

1.10 -1764.2 -11.4 
19.74 -1765.o -10.6 
6.76 -1765.3 -10.1 

28.88 -1766.0 -10.4 
13. 73 -1766.3 -14.3 

52.94 -1766.4 -13.B 
25.46 -1768.5 -14.7 

5.32 -1771.6 -10.0 
16.73 -1771.9 -15.2 
46.43 -1773.3 -11.3 

o.46 -1773.4 -10.5 
7.81 -1773.7 -12.1 

38.93 -1774.0 -13.0 
57.26 -1774.9 -10.8 
30.58 -1776.5 -11.0 
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No. Epoch 
Obs. 1900+-

2 56.70 
2 56.70 
2 57.75 
2 58.17 
2 57.18 

2 58.25 
3 56.84 
2 56.74 
2 57.26 
2 57.17 

2 56.69 
2 56.70 
2 57.72 
2 56.63 
2 56.68 

2 56.18 
2 56.BO 
2 57.19 
2 56.72 
2 56.61 

2 57.80 
2 58.24 
2 57.17 
2 56.73 
2 57.74 

2 57.17 
2 57.73 
2 56.73 
2 56.64 
2 57 • 113 

2 56.71 
2 57.26 
2 57.25 
2 56.74 
2 56.71 

2 57.24 
2 57. 72 
2 58.19 
2 57.71 
2 58.69 

5 58 .45 
2 57.34 
2 56.71 
2 58.28 
2 56.73 

2 57.16 
2 57.73 
4 59.21 
4 57.48 
2 57.28 



130 P UBLICATIONS OF THE DOMINION OBSERVATORY 

P recession 

No. B.D. No. M + Sp . R.A. 1950 1st 2nd Dec l. 

Term Term 

9184 52 1461 7 . 2 GO 10 9 43 , 715 385 . 69 - 2 . 72 51 
9185 7 2259 8 . 4 G5 10 9 49 . 430 314 . t32 -. 34 6 
9192 23 2190 8.5 A2 10 10 18 . 473 333 . 60 -. 84 23 

9198 9 2317 7 . 4 G5 10 10 51 . 263 317 . 51 -. 41 9 
9199 - 0 2308 8 . 4 F8 10 10 51 . 480 306.59 - . 16 - 0 

9201 1 2414 8 . 4 FO 10 10 56 . 077 308 . J6 -. 19 ü 
9206 45 1811 7 . 7 K2 10 11 8 . 51.::'. 369 . 15 - 2 , 07 45 
9208 11 2190 7 . 9 G5 10 11 10 . 754 319 . 30 -. 45 11 
9212 - 3 2873 7 . 9 KO 10 11 22 . 946 303 . 20 -. 08 - 3 
9217 16 2098 7 . 2 KO 10 11 49 . 240 325 . 20 -. 6 1 16 

9218 6 2276 7 . 9 KO 10 12 6 . 643 313 . 7 0 -. 32 5 
9235 34 2105 8 . 6 K2 10 13 15 . 767 347 . 87 - 1 . 32 34 
9239 4 2306 8 . 2 KO 10 13 36 . 410 311 . 30 -. 26 3 
9249 2 2310 7 . 5 K2 10 14 16 . 969 309 , 45 -. 21 2 
9250 8 2336 8 . 7 KO 10 14 17 . 528 316 . 21 -. 38 8 

9267 54 1362 8 . 8 K2 1 0 15 30 . 935 387 . 55 - 2 . 96 53 
9273 14 2230 8 . 0 GO 10 15 45 . 087 322 . 16 -. 54 14 
9274 40 2313 8 . 3 M2 10 15 48 . 834 355 . 80 - 1 . 63 39 
9276 49 1939 8 . 9 KO 1 0 15 49 . 792 374 . 50 - 2 . 38 48 
9278 70 607 8 . 6 K2 10 15 58 . 591 469 , 44 - 7 . 82 70 

9279 55 1384 8 , 0 KO 1 0 16 1. 511 390 . 89 - 3 .1 3 54 
9287 1 0 2139 7 . 8 K2 1 0 16 49 . 154 317 . 76 -.42 10 
9288 23 2213 8 . 7 G5 1 0 16 53 . 095 331 . 70 -. 82 22 
9289 16 2110 8 . 6 G5 10 16 57 . 823 323 . 97 -. 59 15 
9291 0 2641 7 . 8 FO 10 17 5 . 416 307 . 37 -. 16 0 

9293 21 2175 7 , 6 K2 10 17 9 . 594 329 . 18 -. 75 20 
9297 26 2072 8 . 8 G5 10 17 42 . 671 335 . 37 -. 94 25 
9298 12 2193 7 . 7 KO 10 17 46 . 935 319 . 16 -. 46 11 
9300 4 2313 8 , 4 K2 10 17 55 . 326 311 . 23 -. 25 3 
9303 46 1619 7 . 9 K2 10 18 12 . 863 367 . 82 - 2 . 15 4 6 

9305 69 569 7 ,7 KO 10 18 21 . 341 458 . 09 - 7 . 2 1 69 
9313 71 536 8 . 6 G5 1 0 18 55 . 972 4 77 • 89 - 8 . 71 7 1 
9315 62 112 1 8 . 2 KO 10 18 59 . 220 412 . 98 - 4 . 40 61 
9317 58 1252 9 , 0 KO 10 19 5 , 526 399 , 76 - 3 . 69 58 
9327 40 2321 8 , 3 KO 10 19 47 , 550 355 , 10 - 1 . 65 40 

9331 31 2133 7 , 4 KO 10 20 11 , 030 341 , 31 - 1 . 16 31 
9341 14 2237 8 . 3 FO 10 20 44 , 859 321 . 47 -. 53 14 
9344 3 2357 8 . 4 K2 10 21 11.810 310 . 16 -. 22 2 
9350 66 665 7 , 8 KO 10 21 31 . 449 433 , 31 -5 . 7 7 66 
9351 - 4 2861 7 . "3 KO 10 21 34 , 928 302 , 78 -. 04 - 4 

9359 10 2147 8 . 5 KO 10 22 23 , 464 317 . 30 - . 41 1 0 
9368 59 1309 8 , 8 KO 10 22 43 , 663 399 , 68 - 3 , 83 59 
9369 41 2089 8 . 2 KO 10 22 43 , 858 355 , 44 -1 , 73 41 
9372 23 2221 8 . 9 KO 10 22 54 , 979 331 , 04 -, 83 23 
9376 25 2249 7 , 3 KO 10 23 29 , 194 332 . 76 - . 89 24 

9382 29 2046 8 . 4 F5 10 23 58 , 327 337 , 0J -1 . 04 28 
9387 0 2655 7 . 2 K2 10 24 20 , 063 307 , 43 -. 15 0 
9392 22 2217 8 , 0 K<: 10 24 37 . 429 329 , 0l - . 78 21 
9398 63 901 8 . 3 KO 10 24 54 . 618 413 , 82 - 4 , 74 63 
9401 43 2019 8 . 3 K5 10 25 0 . 421 357 , 92 - 1 , 87 43 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P . M.). 

Tin centuries Crom 1900. 0, T' in centur ie s Crom epoch . 

43 
54 

7 
26 
41 

41 
20 

5 
52 
23 

59 
2 

47 
2 

29 

44 
11 
33 
52 

7 

58 
10 
45 
59 

2 

39 
55 
36 
52 
29 

10 
30 
39 
21 
10 

5 
9 

54 
9 

40 

14 
12 

9 
21 
58 

37 
6 

52 
10 
14 

1950 

26 . 25 
52 . 78 

0 , 02 
2 . 96 

33 . 78 

11 . 21 
7 . 85 

24 . 92 
33 . 04 
13 . 83 

54 . 16 
37 . 38 
55 . 91 
51 . 65 
43 . 22 

48 . 42 
3 . 94 

44 . 92 
9 . 32 

53 . 30 

36 . 24 
17 . 9 1 
29 .49 
4 4 . 9 4 
29 . 69 

20 . 40 
48 . 59 
16 . 63 
28 . 75 
52 .1 0 

42 . 38 
4J . 92 

6 , 21 
43 . 21 
43 . 15 

25 , 57 
31 , 81 
18 . 01 
48 , 30 
24 , 81 

12 . 06 
45 , 40 
55 , 54 
25 , 16 
12 , vl 

45 . 95 
24 . 98 
15 , 49 
16 , 16 
12 , 54 

Prec e ssion 

1st 2nd No. Epoch 

Term Te rm Obs. 1900+ 

- 1776 . 7 - 12 . 6 2 58 , 16 
- 1777 . 1 - 10 . 2 2 57 . 71 
- 1779 . 0 - 10 . 8 2 57 , l!:l 
- 178 1. 2 - 10 . 2 2 57 . 26 
- 1781 . 3 - 9 . 9 2 56 . 71 

- 1781 . 6 - 9 . 9 2 56 . 73 
- 1782 . 4 - 11 . 9 z 57 . 24 
- 1782 . 5 - 10 , 3 2 57 . 2.7 
- 1783 . 3 -9 . 7 z 56 . 70 
- 1785 . 1 - 10 . 4 2 57 . 23 

- 1786 . 2 -1 0 . 0 2 56 . 68 
- 1790 . 8 -11. 0 2 57 . 74 
- 1792 . 1 - 9 . 8 2 56 . 81 
- 1794 . 8 - 9 . 7 2 56 . 71 
- 17 94 . 8 - 9 . 9 2 57 . 74 

-1 799 . 6 -1 2 . 1 2 57 . 72 
-1 800 . 5 - 9 . 9 2 58 • 28 
- 1800 . 7 - 11 . 0 2 58 • 81 
- 1800 . 8 - 1 1. 6 2 56 . 70 
- 1801. 3 -1 4 . 6 2 58 . 29 

- 1801 . 5 -1 2 . 1 2 57 . 25 
-1 804 . 5 - 9 . 7 2 56 . 28 
-1 804 . 8 -1 0 . 1 2 58 . 16 
-1 805 .1 - 9 . 9 2 58 . 73 
-1 805 . 6 - 9 . 3 2 58 . 77 

-1 805 . 9 -1 0 . J 2 57 . 71 
-1 807 . 9 - 10 . 2 2 5 7. 26 
- 1808 . 2 - 9 . 6 2 57 , 17 
- 1808 . 7 - 9 . 4 2 56 . 69 
- 1809 . 8 - 11 . 1 2 56 . 69 

- 18 10 . 4 - 13 . 9 2 57 ,7 4 
- 18 1 2 . 5 - 14 , 5 2 58 . 19 
- 1812 . 7 - 12 , 5 2 58 , 29 
- 1813 , 1 - 12 . 0 2 57 , 25 
- 1815 . 7 - 10 . 6 2 58 , 71 

- 1817 , 1 - 10 . 1 2 57 , 26 
- 1819 , 2 - 9 , 4 2 56 . 68 
- 1820 , 9 - 9 , 1 2 5 7. 71 
-1 822 . 1 - 12 . 8 2 57 , 26 
-1822 , 3 - 8 . 8 2 58 . 19 

- 1825 . 2 - 9 . 2 2 58 , 6 9 
- 1826 , 4 - 11 . 6 2 57 , 7j 

- 1826 , 4 - 10 , 3 2 56 , 69 
- 1827 , 1 - 9 . 5 2 57.19 
- 1829 , 1 - 9 . 5 3 57 . 52 

- 1830 , 9 - 9 , 6 2 5 8 . 2>:i 
- 1832 . 2 -8 . 7 2 58 . 2 9 
- 1833 , 2 -9 . 3 2 56 , 71 
- 1834 , 2 - 11 . 8 2 58 , 26 
- 1&34 , 5 - 10 . 1 2 57 , 19 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M+ Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

9402 - 0 2344 8 . 5 KO 10 25 2 . 106 306 . 67 -.13 - 0 
9404 19 2345 7 . 9 KO 10 25 15 . 878 325 . 65 -. 67 18 
941 2 27 1897 s . 1 KO 10 25 57 . 585 334 . 70 -.98 27 
9419 60 1265 8 • 7 KO 10 26 18 . 272 400 . 47 -4. 02 60 
9422 55 1394 7.4 KO 10 26 37 . 004 383 . 18 -3.09 55 

9427 17 2233 8 .4 KZ 10 27 2 . 661 323 . 68 -. 62 17 
9435 38 2 147 8.6 KZ 10 27 21 . 273 348 . 36 -1. 52 37 
9436 64 790 s . o K5 10 27 22 . 166 415 . 71 -4.99 64 
9441 78 349 7.9 G5 10 27 31 . 053 549 . 08 -1 6 .47 77 
94 4 8 50 1744 8.6 KO 10 27 50 . 942 369 . 50 -2.45 49 

9454 22 2230 8 . 6 KO 10 28 24 . 279 328 . 84 -.79 22 
9459 3 1 2148 8.3 KO 10 28 49.451 338 . 80 -1.15 31 
9462 - 2 3165 8 .4 KO 10 29 1.282 304 . 97 -. os - 2 
9463 18 2372 7.4 GO 10 29 23 . 396 324 .2 9 -. 6 5 18 
9464 48 1873 8.6 KZ 1 0 29 27 .8 42 364 . 03 -2.23 47 

94 69 54 1379 7.9 K5 10 29 42.484 377 . 52 -2.90 53 
9470 5 2347 1.0 KO 10 29 42.683 311 .7 3 -. 26 4 
9472 15 2218 8 .7 KO 10 30 8.704 320 . 89 -.54 14 
9476 77 404 7 . 6 KO 10 30 28 .9 51 527 . 50 -14.7 2 76 
9477 25 2263 7 . 9 KO 10 30 31 . 319 331 .4 5 -.90 25 

9488 44 1998 8 . 8 GO 10 31 10 . 319 355 .63 - 1 . 88 43 
9493 34 2141 9 . 3 K 10 31 40.905 340 . 85 -1.27 33 
9 495 4 2351 8.7 K2 10 3 1 42.910 311 .16 -.24 4 
9507 69 579 8 . 0 KO 1 0 32 28.819 438.41 - 6 . 92 69 
9517 31 2 164 8.4 KO 10 33 8.457 336 .63 -1. 11 30 

9523 19 2355 8 . 2 AO 10 33 29 . 968 324 . 20 -.66 18 
9527 71 542 8.9 F8 1 0 33 37 .7 50 449.50 -7.8 9 70 
9530 16 2 139 8 . 4 KO 10 33 52 . 718 321 . 66 -. 58 16 
9535 37 2102 7.9 KZ 10 34 13 .489 344 . 79 -1.47 37 
9538 51 1615 9 . 0 A7 10 34 18.427 367 .1 9 -2.51 50 

9539 58 1268 9 . 0 G5 10 34 27 . 812 385 . 67 -3.52 58 
9541 24 2251 s .o F5 10 34 31 . 958 328 .71 -. 83 23 
9556 49 1977 7.8 KO 10 35 37 . 216 363 . 57 -2.36 49 
9557 7 2339 8 . 6 G5 10 35 41 . 207 313 . 0l -. 30 6 
9559 20 2509 8 . 2 A3 10 35 50 . 631 324 .67 -. 69 19 

9563 45 1850 s .1 K5 10 36 1 . 659 355 . 38 - 1 . 97 45 
9574 29 2073 8 . 4 KZ 10 36 43.905 333 . 66 -1.04 29 
9577 40 2354 7 . 8 KO 10 36 56.379 346 .61 -1. 58 39 
9587 5 2374 8 . 4 KO 10 37 45 . 018 311 .27 -.24 4 
9590 42 2140 7 . 6 KO 10 37 51.875 349 .21 -1.71 41 

9598 - 3 2976 8 . 8 F5 10 38 37 .1 64 304 .49 -. 03 - 3 
9603 14 2281 7 . 7 MO 10 38 57 . 675 319 . 07 -.50 14 
9606 0 2694 8 .1 FB 10 39 1 .7 67 307 . 32 -.12 - 0 
9615 37 2112 8 . 4 GO 10 39 34 . 774 341 . 66 - 1 .40 36 
9617 3 2403 8 . 3 KO 10 39 37 . 528 309 . 78 -.1 9 3 

9619 56 1472 7.3 K5 10 39 47.045 375 . 65 - 3 .1 5 56 
9624 62 1142 7 . 4 K5 10 40 3 . 789 394 . 96 -4. 36 62 
9626 17 2265 8 . 4 KO 10 40 6 . 854 321 . 62 -.60 17 
9631 - 3 2980 8 . 3 K5 10 40 31 . 141 304 . 04 -.oz - 4 
9633 43 2040 7.9 KO 10 40 54 . 044 348 . 95 -1.76 42 

Position 1950 + T = Position 1950 + T (1st term) + Tz (2nd term) + T' (P . M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

42 
50 
10 
18 

4 

14 
59 

8 
45 
56 

28 
17 
36 
14 
47 

50 
54 
52 
59 
22 

43 
43 
22 
11 
39 

54 
55 
17 
29 
48 

7 
42 
28 
44 
52 

6 
0 

39 
48 
47 

30 
14 

0 
46 

3 

9 
28 
23 

8 
38 

Precession 
1950 1st 2nd 

Term Term 

27 . 10 -1834.6 -8.6 
50 . 89 -1835.5 -9.1 
45 . 40 - 1837 . 9 -9.3 
20 . 89 - 1839 . 1 - 11 . 2 
54 . 52 -1 840 . 2 -10.7 

10.98 -1 841 . 6 -8.9 
5 . 29 - 1842 . 7 -9-6 
2 . 45 -1842.8 -11.5 

18 . 46 -1 843 . 3 -15.3 
12.21 -1844.4 - 10 . 1 

52.00 -1846.3 -9.0 
56 . 49 -1847.7 - 9 . 2 
34 . 72 -1 848 . 4 -8.2 
50 . 64 -1 849 . 6 -8.7 
47.36 -1849.9 - 9 . 8 

40.78 -18 50 . 7 -10.2 
9.36 -1850.7 -8.3 

42 . 66 -1852.2 - 8 . 5 
25 . 07 -1853.3 -14. 2 
58 .74 -1853.4 -8.8 

22 . 67 -1 855 . 6 - 9 . 4 
6 . 93 -1 857 . 3 -8.9 

11.91 -1 857 . 4 - 8 .1 
56 . 67 -1 859 . 9 -11.5 
34 . 76 -1 862 . 0 - 8 . 7 

45 . 05 -1 863 . 2 - 8 . 3 
16.63 -1 863 . 6 -11.7 
44 . 24 - 1864 . 4 -8.2 
17 . 53 -1865.5 -8.8 
39 . 48 -1865.8 -9.4 

28 . 86 -1866.3 -9.9 
35 . 23 -1866.5 - 8 . 3 

6 . 55 -1869.9 - 9 . 1 
41 . 26 -1870.2 -7.8 
31 . 27 -1870.7 -8 . 1 

30 . 57 -1871.2 -8.9 
43 . 60 -1873.4 -8.2 
55 . 90 -1874.1 -8.6 

5 . 00 -1876.6 -7.6 
17.18 -1876.9 -8.5 

2 . 59 -1879.2 -7.3 
24 . 29 -1880.2 - 7 . 7 
38 . 66 -1880 . 5 -7.3 
53 . 03 -1882.1 -8.2 
31.23 -1882.3 -7.4 

11.37 -1882.7 -9.0 
28 . 73 -1883.6 -9.4 
12.96 -1883.7 -7.6 
40 . 78 -1884.9 -7.1 
12.71 -1886 .1 -8 . 2 

131 

No. Epoch 
Obs. 1900+ 

2 58 . 71 
2 58 . 79 
2 57 . 73 
2 57 . 79 
4 57 . 97 

2 58 . 28 
2 57 . 71 
2 58 . 71 
2 58 . 73 
2 58 . tiO 

2 58 . 81 
2 58 . 8 2 
2 58 . 77 
2 58 . 28 
2 57 . 24 

2 58 . 23 
2 58 . 71 
2 59 . 27 
2 58 . 25 
2 58 . 29 

2 58 . 20 
2 57 . 76 
2 57 . 79 
2 58 . 23 
2 57 . 70 

2 57 . 28 
2 57 . 80 
2 58 . 71 
2 57 . 25 
2 57 . 80 

2 56 . 70 
2 58 . 18 
4 59 . 46 
2 57.72 
2 57 . 16 

2 58 . 24 
2 57 . 80 
2 56.71 
2 57 . 80 
2 56 . 71 

2 57 . 26 
2 57 . 72 
2 57.73 
2 57 . 80 
2 58 . 26 

2 57.28 
2 58.73 
2 58 . 71 
2 58 .69 
2 57.18 
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Preceaaion 

No. B.D. No. M+Sp. R.A. 1950 1st 2n.d Decl. 

Term Term 

9634 50 1760 7.0 KO 10 40 56 . 312 361 . 30 -2.40 50 
9638 53 1432 8.0 KO 10 41 22.410 366.27 -2.68 52 
9642 49 1986 7.8 KO 10 41 55.844 358.33 - 2 . 26 48 
9645 73 504 7 . 6 KO 10 42 9.564 448.95 - 8 . 75 72 
9652 32 2072 8.4 GO 10 42 41.532 335.42 - 1 . 17 32 

9653 24 2265 8.8 KO 10 42 43 . 255 326.86 -.82 23 
9655 1 2477 7.7 KO 10 42 55 . 114 308 . 31 -. 14 1 
9657 8 2409 7.6 KO 10 42 57 . 093 313 . 35 -. 31 7 
9658 59 1325 9.0 K5 10 42 57 . 743 381 . 63 - 3 . 65 59 
9660 10 2199 8.6 K2 10 43 5 . 565 315 . 31 -. 38 10 

9662 6 2347 7.9 AS 10 43 7 . 465 311 . 68 -. 25 5 
9667 26 2128 8.4 G5 10 43 33 . 851 328.55 -. 89 25 
9672 35 2181 8 . 2 M2 10 43 55 . 678 337 . 81 - 1 . 30 34 
9677 43 2045 1 . 2 K2 10 44 o . 579 348 . 30 -1. 80 43 
9678 34 2158 8 . 3 G5 10 44 1 . 067 336 . 47 -1 . 24 33 

9690 19 2373 7.8 G5 10 45 0 . 231 322 . 30 -. 65 19 
9693 45 1866 7 . 4 KO 10 45 12 . 962 350 . 26 -1.93 45 
9695 14 2299 7 . 9 F2 10 45 24 . 562 318 . 36 -.50 14 
9701 - 2 3221 a . o F5 10 45 59 . 547 305 . 11 -. 03 - 2 
9706 27 1938 8 . 4 M2 10 46 16 . 787 328 . 91 -. 93 27 

9709 16 2170 8 .7 F5 10 46 42 . 515 319 . 48 -. 55 16 
9716 61 1204 a . o G5 10 47 2 . 819 382 . 38 - 3 . 9 1 60 
9731 7 2374 8 . 6 AO 10 48 14 . 913 312 . 47 -.28 7 
9734 36 2129 9 . 3 F8 10 48 19 . 667 337 . 31 -1.34 36 
9737 43 2052 9 . 0 KO 10 48 35 . 638 344 . 88 -1. 72 42 

9738 24 2281 a . a G5 10 48 45 . 324 325 . 24 -. 79 23 
9744 1 2492 8 . 6 K5 10 49 11 . 879 308 . 29 -.13 1 
9764 15 2257 8 . 5 F5 10 50 13.934 318 . 06 -. 50 15 
9767 59 1333 8 . 5 G5 10 50 16.488 374.78 - 3 .56 59 
9772 26 2145 6 . 8 MO 10 50 51 . 527 327 . 10 -. 90 26 

9773 71 552 8 . 6 G5 10 50 52 .440 421 . 89 -7. 30 70 
9783 13 2322 7 . 2 KO 10 51 39 . 545 316 .1 3 -.43 12 
9785 32 2085 8.5 G5 10 51 43.921 331 . 83 -1.13 31 
9786 54 1404 8 . 3 KO 10 51 43 . 975 360 . 99 - 2 . 74 53 
9788 44 2028 8 . 9 KO 10 51 45.856 344 . 98 -1. 80 43 

9790 63 930 8 . 5 K2 10 51 51 .1 36 384 . 88 -4.36 63 
9791 21 2262 8 . 3 F5 10 51 51 . 411 322 . 38 -.70 21 
9794 6 2368 7.4 KO 10 52 9 . 860 311 . 50 -.2 5 6 
9796 - 2 3247 8 . 5 FO 10 52 16 . 311 305.57 -. 02 - 2 
9799 69 592 a . a F8 10 53 5 . 437 406 . 72 - 6 .1 9 68 

9803 46 1675 7 . 6 KO 10 53 22 . 221 347.04 -1. 96 46 
9808 34 2183 8.3 K2 10 53 34 . 579 332 . 74 -1.2 0 33 
9814 40 2385 8.5 KO 10 53 56 . 391 339.29 -1.55 40 
9820 35 2196 8 . 2 KO 10 54 17 . 757 334.24 -1.29 35 
9827 38 2197 9 . 0 Ftl 10 54 40 . 071 336 . 60 -1.42 37 

9836 68 624 8 . 9 KO 10 55 25.449 998 .64 -5.72 67 
9837 25 2319 7 . 6 KO 10 55 27 . 042 324 . 36 -. 81 24 
9841 - 2 3259 8.5 K2 10 55 39 . 666 305.25 . oo - 3 
9842 14 2324 7 . 9 F5 10 55 40 . 773 316 . 24 -.45 13 
9843 62 1156 8 . 2 KO 10 55 42 . 983 376.84 -4.01 61 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T Îll CEllturiea from 1900. 0, T' in centuries from epoch. 

3 
40 
48 
33 
25 

50 
16 
46 
19 
17 

38 
52 
59 
17 
49 

13 
3 

28 
59 

4 

8 
52 

7 
6 

30 

39 
21 

0 
18 
28 

53 
38 
59 
50 
50 

12 
2 
6 

34 
50 

2 
38 

4 
27 
54 

51 
38 
13 
32 
59 

1950 

48. 77 
19 . 15 
31.66 

3 . 64 
27 . 51 

33 . 35 
27 . 25 
40.13 
27 . 36 

6 . 94 

48.92 
35 . 53 
41 .1 7 
25 .47 
23 . 55 

36 . 55 
57 . 81 
33 . 37 
27 . 24 

5.79 

31 . 99 
26 . 85 
38 .1 9 
15.64 
58 . 95 

56.80 
41. 96 
22.24 
55 .79 
26.95 

25 .75 
16 . 21 
49.70 
42.41 
59 . 31 

58.92 
23 . 34 
52.08 
48.38 
55 . 90 

14.28 
54 . 25 
46 . 82 
56 .7 3 
57 . 57 

38 .1 5 
35 . 63 

0 . 27 
46 . 77 

1 . 59 

Precessioo 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

-1 886 . 2 -8.5 2 56 . 81 
-1887.5 -8.6 2 58.26 
- 1889 . 1 - 8 . 3 2 57 . 70 
- 1889 . 8 -1 0 . 5 2 57.26 
- 1891 . 3 -7.7 2 57 . 81 

- 1891 . 4 - 7 . 5 2 56 . 68 
- 1892 . 0 -7.0 2 57 . 28 
- 1892 . 0 - 7 .1 2 57 .7 1 
- 1892 .1 -8.8 2 57.72 
-1 892 . 5 - 7 . 2 2 58 . 71 

-1 892 .6 - 7 . 1 2 58.34 
-1 893 . 8 -7.4 2 57 .7 1 
-1 894 . 9 -7.6 2 58 .7 9 
-1895.1 -7.9 2 57 . 34 
- 1895 .1 -7.6 2 57 . 77 

- 1897 . 9 -7.1 2 56 . 68 
-1 898 .5 -7.8 2 57.15 
-1 899 . 0 -7. 0 2 57.81 
-1 900 . 7 - 6 .7 2 57.26 
- 1901 . 5 -7. 2 2 5 7 . 16 

-1 902 .6 -6.9 2 58.28 
-1 903 . 6 -8.3 2 56 .7 2 
-19 06 .8 - 6 . 6 2 57.71 
-19 07 . 0 -1.2 2 58.26 
-19 07 . 8 -7.3 2 58 .71 

-1 908 . 2 -6.8 2 57.26 
-1 909 .4 -6.4 2 56.71 
-191 2 .1 - 6 .5 4 57.49 
-191 2 .2 -7. 8 2 56 . 73 
-191 3 .7 -6 .7 2 56.68 

-1913.8 -8.7 2 58 . 26 
-1 915 . 8 - 6 .4 2 56. tl 1 
-1916.0 - 6 .7 2 57.71 
-1 916 . 0 -7. 3 2 57. 72 
-1 916 .1 -7.0 2 57.81 

-1916.3 -7.8 2 58 .71 
-191 6 .3 -6.5 2 58 . 77 
-1917.1 - 6 . 2 2 56.80 
-1917.4 - 6 . 1 2 57.71 
-191 9 . 5 - 8 .1 2 56 . 73 

-19 20 . 2 - 6 .8 2 57.16 
-1 920 . 7 - 6 . 5 2 57 . 81 
-1 921 . 6 -6.6 2 57 . 72 
-1 922 .5 - 6 .5 2 56.80 
-1 923 .4 - 6 . 5 2 57 . 74 

-1 925 . 2 -7.7 2 58 . 71 
-1 925 . 3 - 6 . 2 2 57 . 34 
-1 925 . 8 -5.8 2 58 . 77 
- 1925 . 9 -6.0 2 58 . 22 
-1925.9 -7.2 2 57 . 73 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

9848 34 2188 8.1 GO 10 56 8.225 331 .73 -1.19 33 
9852 - 3 3024 8.o K5 10 56 21 .1 01 304 .50 . 03 - 4 
9854 18 2429 7.1 KO 10 56 28.699 319.28 -.59 18 
9859 5 2425 8.2 K5 10 56 59.555 310.26 -.2 0 4 
9871 29 2110 8.3 FO 10 58 5.134 327.49 -1. 00 29 

9876 67 677 8.1 KO 10 58 22.158 389.83 -5.24 66 
9879 6 2387 8.3 K5 10 58 28.163 310 .80 -.22 5 
9884 50 1788 8.7 K5 10 58 46.810 349.18 -2.26 49 
9887 38 2205 7.7 KO 10 58 54 .065 335 .1 0 -1.42 38 
9893 46 1685 8.6 K2 10 59 19.147 343.38 - 1.91 45 

9912 41 2155 8.1 KO 11 0 17.373 337.01 -1.57 40 
99 19 33 2072 8.5 K5 11 0 57.479 329.08 -1.12 32 
9924 8 2452 7.2 KO 11 1 5.323 312 . 01 -.27 7 
9925 39 2410 8.1 KO 11 1 5.756 335.06 -1.46 39 
9928 10 2240 7.7 K2 11 1 20.415 313. 43 -.34 10 

9930 17 2309 8.4 F2 11 1 26.475 317.35 -.52 16 
9933 15 2282 8.2 K2 11 1 36.274 316.05 -.46 14 
9953 45 1892 7.7 K2 11 2 56. 392 339.76 -1.8 0 44 
9954 54 1414 7.6 MO 11 2 58.290 352.82 -2.66 54 
9956 66 697 8.0 G5 11 3 0.041 381-71 -4.93 66 

9958 12 2300 8.3 KO 11 3 3.700 314.53 -.40 12 
9966 25 2338 8.4 G5 11 3 26. 710 322.20 -.79 24 
9967 1 2519 7.2 MO 11 3 28.128 308.17 -.10 1 
9970 56 1498 7.1 K2 11 3 43.433 356.15 -2. 94 56 
9977 21 2282 7.4 KO 11 4 15.769 319.52 -.65 20 

9986 49 2020 8.4 A5 11 4 48.052 344.11 -2.14 49 
9992 23 2308 7.8 K2 11 5 13.675 320 . 91 -.74 23 
9995 9 2452 8.1 F5 11 5 29.939 312.48 -.30 9 
9996 7 2417 8.3 F8 11 5 38.017 311.10 -.23 6 
9999 - 3 3053 8.4 K5 11 5 45.500 305.34 . 04 - 3 

10000 36 2157 7.4 KO 11 5 50.882 330.29 -1.28 36 
10003 34 2200 9.0 GO 11 5 56.879 328 . 50 -1.18 34 
10004 59 1351 7.4 G5 11 5 58.299 360 . 28 -3.38 59 
10005 0 2750 8.o K2 11 6 1.903 307 .17 -.os - 0 
10009 58 1303 8.5 KO 11 6 10.463 356 . 88 -3.12 57 

10012 28 1971 8.1 F8 11 6 14.514 324.02 -. 92 28 
10035 26 2181 8.8 KO 11 8 26. 713 322 . 06 -.84 26 
10037 38 2215 8.7 KO 11 8 40.191 330 .49 -1.37 37 
10045 33 2088 8.5 G5 11 9 26.156 326.23 -1.11 32 
10048 22 2329 8.7 K5 11 9 33.678 319 . 31 -.69 22 

10051 13 2369 8.3 K2 11 9 40.921 314.31 -.41 13 
10056 69 603 8.o GO 11 9 56.290 382.92 -5.74 69 
10059 16 2230 8.4 K5 11 10 1.896 315 .88 -.5 0 16 
10060 10 2260 7.6 K2 11 10 6.789 312 .49 -.31 10 
10068 53 1476 7.9 KO 11 10 43.253 345.33 -2.48 53 

10069 30 2123 8.5 F8 11 10 43.695 323 .67 -.97 29 
10072 63 947 7.7 G5 11 11 4.522 361 .83 -3.86 62 
10074 4 2439 8.8 F5 11 11 15.667 309 .15 -.14 3 
10077 24 2332 8.o B9 11 11 26.273 319.91 -.75 24 
10079 20 2573 7.4 G5 11 11 45.691 317 .66 -.6:c'. 20 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

35 
24 

5 
37 
29 

43 
36 
52 
16 
52 

46 
34 
51 
13 
13 

31 
31 
34 

7 
8 

21 
29 
28 
21 
45 

5 
14 
17 
50 
37 

16 
8 

29 
17 
53 

15 
18 
58 
53 
19 

29 
2 

28 
8 
7 

49 
33 
41 

6 
18 

Precession 
1950 1st 2nd 

Term Term 

5.83 -1926.9 -6.2 
36.18 -1927.5 -5.7 
42.75 -1927.7 - 6 . 0 
19.92 -1929.0 -5.7 
14.68 -1931.6 - 6.0 

7.93 -1932.2 -7.2 
8.68 -1932.5 -5.6 

42.25 -1933.2 -6.3 
36.92 -19 33 . 5 -6.0 
50.03 -19 34 .4 -6.1 

26.41 -1936.6 -5.9 
26.05 -1938.1 - 5 . 7 
6.59 -1938.4 -5.4 

50.81 -19 38 .4 -5.8 
10.69 -1939.0 -5.4 

34.28 -1939.2 -5.4 
7.59 -1939.5 -5.4 

18. 53 -1942.5 -5.7 
15.74 -1942.5 -5.9 
45.33 -1942.6 -6-4 

33.68 -1942.7 -5.2 
51.02 -1943.5 -5.3 
52.25 -1943.6 -5.1 
44.04 -1944.1 -5.9 
14.49 -1945.3 -5.2 

36.08 -1946.4 -5.6 
39.85 -1947.3 -5.1 
40.75 -1947.9 -<+.9 
40.53 -1948.1 -4.9 
32 .34 -1948.4 -4.8 

54.0u -1948.6 -5.2 
34.44 -1948.8 -5.2 
10.27 -1948. 8 -5.7 
30.26 -1948.9 -4.8 
20.48 -1949.2 -5.6 

29.94 -1949.4 -5.1 
9.56 -1953.8 -4.8 

12.21 -1954.2 -4.9 
12.64 -1955.7 -4.8 
39 .l S -1955.9 -4.7 

33.77 -1956.1 -4.6 
25.56 -1956.6 -5.6 
47.05 -1956. 8 -4.6 
15.75 -1957.0 -4.5 
23.52 -1958.l -5.0 

29.65 -1958.1 -4.6 
15.97 -1958.8 -5.2 
48.68 -1959.1 -4.3 
55.16 -1959.4 -4.5 
12.85 -1960.0 -4.4 

133 

No. Epoch 
Obs. 1900+ 

2 58 . 24 
2 58 . 81 
2 57 . 34 
2 58 . 79 
2 57 . 72 

2 56.27 
6 58 .72 
2 ';,7.79 
2 57.69 
2 57.70 

2 57.19 
2 57.28 
2 56.78 
2 56.77 
2 57.18 

2 57.79 
2 56.69 
2 57.33 
2 56.70 
4 59.45 

2 57.23 
2 57.25 
2 57.26 
2 56. 71 
4 58.97 

2 56.80 
2 57.73 
2 57.79 
2 58.26 
2 58 .2 5 

2 57 . 35 
2 57 .8 0 
2 57.78 
2 57.81 
2 57.74 

2 56 . 71 
2 56 . 79 
2 57.80 
2 57 .17 
2 57.81 

l'.' 58.29 
2 57.73 
2 58.80 
2 58.25 
2 58.23 

2 57.85 
2 57 . 77 
2 58.82 
2 58.75 
2 57.74 



134 PUBLICATIONS OF THE DO MINION OBSERVATORY 

Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

10080 1 2539 8.3 K2 11 11 46 . 216 307 . 89 -. 07 1 
10081 - 1 2499 8 .6 FO 11 11 52 . 225 306 . 28 . 02 - 2 
10084 74 456 7 . 2 K5 11 11 56 . 333 402 . 70 - 8 . 18 73 

10097 15 2311 7 . 1 KO 11 12 48 . 221 314 . 85 -. 46 1 5 
10101 80 350 8 . 0 KO 11 12 53 . 182 459.05 -1 6 . 23 79 

10105 65 823 7 . 2 KO 11 12 59 . 457 366 . 17 -4.42 65 
10110 41 2172 8 . 6 F5 11 13 23 . 586 330.62 - 1 . 49 40 
10127 17 2337 8 . o G5 11 14 38 . 336 315.47 -. 51 17 
10128 23 2329 8.8 K2 11 14 46 . 017 318.50 -. 70 23 
10131 25 2362 7 . 8 KO 11 15 6 . 0 14 319 . 64 -. 78 25 

10133 64 840 8 . 7 AO 11 15 33 . 822 361.14 -4. 18 64 
10142 76 423 8 . 4 FO 11 16 14.876 412.44 - 10 . 28 76 
10145 10 2274 8 . 0 A2 11 16 31 . 053 311 . 78 -.29 10 
10151 71 568 8 . 1 G5 11 16 54 . 53v 380 . 78 - 6 . 42 71 
10157 19 2438 7 . 7 KO 11 17 12 . 577 316 . 04 -. 57 19 

10164 30 2137 7 . 3 K5 11 17 30 . 419 321 .7 7 -.97 30 
10175 3 2488 7 . 9 KO 11 18 13.948 308 . 65 -.11 3 
10177 12 2328 8 . 6 KO 11 18 21 . 816 312 . 24 -. 33 11 
10186 36 2180 8 . 2 KO 11 18 47 . 671 324 . 64 -1. 21 35 
10196 41 2183 7.8 G5 11 19 18 . 182 328 . 06 -1. 49 41 

10198 0 2777 8 . 2 K5 11 19 22 . 759 307 . 26 -.02 - 0 
10211 15 2326 8 . 2 KO 11 20 18 . 148 313.32 -. 42 14 
10212 63 957 7 .7 FO 11 20 21 . 916 352 . 43 - 3 . 76 62 
10225 49 2050 6 . 8 K5 11 21 48.534 332 . 72 - 1 . 98 48 
10226 18 2488 7.4 G5 11 21 48 . 971 314 . 36 -. 50 17 

10229 60 1326 7.7 G5 11 21 52 . 807 345 . 55 - 3 . 20 59 
10232 32 2146 7 . 8 KO 11 22 15 . 126 321 . 07 - 1 . 02 32 
10241 20 2600 8 . 6 KZ 11 22 36 . 022 315 . 12 -.57 19 
10242 6 2448 7.8 K2 11 22 36 . 449 309 . 62 -. 17 6 
10249 59 1377 9 . 0 G5 11 22 59 . 891 343 . 13 -3. 05 59 

10263 29 2160 7 . 6 FO 11 24 18 . 345 318 . 67 -. 88 28 
10270 69 608 8 . 6 A2 11 24 41 . 364 359.93 - 5 .1 0 68 
10271 24 2357 8 . 8 KO 11 24 47 . 805 316 . 26 -. 69 23 
10276 70 661 8 . 7 FO 11 25 1.736 363 . 32 - 5 . 57 70 
10284 - 1 2528 8 . 4 KO 11 25 30 . 418 306.56 . 05 - 2 

10294 51 1668 8 . 5 G5 11 26 23 . 457 331 . 04 -2. 08 50 
10300 7 2452 8 . 8 K2 11 26 38 . 260 309.73 -. 19 7 
10301 6 2454 8.6 G5 11 26 38 . 832 309.49 -.17 6 
10305 - 0 2444 7 . 2 K2 11 26 50.734 307.13 . 02 - 0 
10310 17 2363 8.3 A2 11 27 21.938 313.22 -.48 17 

10327 57 1327 7.5 K5 11 28 39 . 980 335 .81 -2.74 57 
10334 40 2436 8.3 K2 11 28 50 . 891 322.72 - 1 . 39 40 
10339 31 2274 8 . o KO 11 29 o .539 318 . 26 -. 96 31 
10340 25 2388 6.9 K2 11 29 14.135 315.51 -. 71 24 
10357 61 1247 8 . 7 G5 11 30 14 . 702 338.42 - 3.20 60 

10358 34 2230 7.3 K2 11 30 22.826 319.09 - 1 . 08 34 
10359 20 2616 8 .4 G5 11 30 25 . 414 313 . 52 -.55 19 
10368 4 2492 8 . 8 A3 11 30 50 . 468 30 8 .63 -.1 0 4 
10369 26 2231 8 . 9 KO 11 30 52 . 705 315.74 - . 77 26 
10371 8 2520 8 .2 KO 11 30 57 . 286 309 . 78 -.21 8 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M.). 

T in centuries from 1900. 0, T' in centuries from epoch . 

9 
9 

44 
23 
48 

10 
48 
13 

6 
19 

26 
26 

1 
13 
21 

23 
8 

29 
55 
18 

9 
35 
59 
52 
37 

56 
6 

45 
0 
2 

40 
42 
35 

3 
11 

32 
4 

22 
34 
15 

24 
22 
14 
35 
54 

19 
48 
24 
25 
15 

1950 

34 . 04 
19 . 39 
47 . 66 

9 . 99 
32 . 85 

50 .1 4 
11 . 94 
38 . 78 

4 . 06 
29 . 65 

2 . 43 
21 . 15 
28 . 96 
21 . 98 
23 . 10 

39 . 85 
10.82 
35 . 51 
11 . 03 

5 . 26 

17.27 
51 . 56 
28 . 37 
50 . 45 

6 . 03 

18.76 
Q. 65 

33 . 73 
52 . 57 
13 . 78 

56 . 84 
12 . 85 
48 . 72 
59 . 61 
47 . 22 

16.54 
44 . 87 
26 .44 
24 . 36 
39 . 93 

38 . 84 
21 . 81 
55 . 59 
15 . 38 
29 . 41 

40 . 45 
38 . 28 
38.20 
22 .7 0 
19 . 05 

Prece ssion 

1st 2nd 
No. Epoch 

Term Te rm Obs. 1900+ 

-1960. 0 - 4 . 3 2 58.34 
-1960.2 -4.2 3 58 . 84 
-1 960 . 4 -5.7 3 59 . 55 
-1961.9 - 4 . 3 2 57 . 26 
-1962.1 -6 . 4 2 56 . 18 

- 1962 . 2 -5. 0 2 57 . 70 
- 1963 . 0 -4.4 2 57 . 79 
-1965.1 - 4 . 1 2 56 . 68 
- 1965 . 4 -4.1 2 56 . 72 
- 1965 . 9 -4 . 1 2 56 . i6 

- 1966 . 7 - 4 .7 2 57 . 34 
-1967.8 - 5 . 3 2 56 . 80 
-1968.3 -3.9 2 57 . 73 
- 1968 . 9 -4.8 2 57 . 31 
- 1969 . 4 - 3 . 9 2 56 . 16 

- 1969 . 9 - 3 . 9 2 56 . 70 
- 1971 . 0 - 3 . 7 2 57 . 25 
- 1971 . 3 - 3 . 7 2 56 . 73 
-1 972 . 0 - 3 . 8 2 57 . 74 
-1 972 . 7 - 3 , 8 2. 56 . 71 

-1972.9 - 3 . 5 2 56 . 76 
-1974.3 -3.5 2 56 . 72 
-1 974 . 4 - 4 . 0 2 57 . 28 
- 1976 . 5 -3.6 2 57 , 70 
-1 976 . 5 - 3 . 4 2 57 . 31 

- 1976 . 6 - 3 . 7 2 56 . 71 
- 1977 .1 -3.4 2 56 . 73 
- 1977 . 6 - 3 . 3 2 57 . 26 
-1 977 . 7 -3.3 2 57 . 25 
-1978.2 -3.6 2 57 . 72 

-1980.0 -3.2 2 56 . 17 
- 1980 . 5 -3.6 4 59 . 49 
-1 980.7 -3.1 2 56 . 70 
- 1981 . 0 - 3 . 6 2 57 . 81 
-1981.6 -2.9 4 59 . 47 

-1982.7 -3.1 2 57 . 74 
-19 83 . 1 -2. 9 2 56 . 32 
- 1983 . 1 -2.8 2 57 . 79 
- 1983.3 -2 . 8 2 58 . 34 
- 1984.0 -2 . 8 2 56 . 68 

- 1985.6 -2. 9 2 56.24 
-1985.8 - 2 . 8 2 56.79 
- 1986 . 0 -2.7 2 57 . 24 
-19 86 . 2 -2 . 7 2 56 . 16 
- 1987.4 - 2 . 8 2 56 . 79 

-1 98 7.5 -2.6 2 56 . 66 
-1 987 . 6 - 2 . 5 2 57 . 23 
-1 988 . l - 2 . 4 z 57 . 71 
-1988.l -2 . 5 3 57 . 29 
-1988.2 - 2 . 4 2 58 . 25 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No . B . D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

10377 14 2404 7 . 7 K2 11 31 21 . 108 311 . 43 - . 36 13 
10379 49 2066 7 . 9 GO 11 31 24 . 311 326 . 35 -1 . 89 48 
10394 44 2107 8 . 2 G5 11 32 19 . 090 322 . 82 - 1 . 56 43 
10405 10 2310 8 . 1 F2 11 33 2 . 424 31 0 . 05 -. 25 9 
10406 18 2510 1 . 0 KO 11 33 4 . 711 312 . 46 -. 49 18 

10409 1 2586 8 . 6 KO 11 33 13 . 524 307 . 46 . 01 0 
10417 75 450 8 . 2 K5 11 33 57 . 760 365 . 45 - 7 . 84 75 
10421 57 1332 7 . 9 K5 11 34 14 . 996 330 . 64 - 2 . 64 57 
10422 11 2379 8 . 2 F5 11 34 21 . 798 310 . 17 -. 27 10 
10428 62 1190 7 . 2 MO 11 34 37 . 468 335 . 66 - 3 . 36 62 

10429 0 2811 7 . 6 KO 11 34 43 . 102 307 . 25 • 03 - 0 
10443 59 1394 8 . 7 G5 11 35 41 . 033 331 . 23 - 2 . 88 59 
10446 20 2631 8 . 5 A3 11 35 51 . 568 312 . 54 -. 55 20 
10450 30 2180 8 . 9 F5 11 35 59 . 095 315 . 41 -. 88 30 
10453 24 2374 7 . 4 KO 11 36 7 . 533 313 . 39 -. 65 23 

10455 39 2460 7 . 2 K5 11 36 10 . 830 3Hl . 73 -1. 30 39 
10456 8 2533 8 . 8 KO 11 36 12 . 134 309 . 19 -.1 8 7 
10461 73 531 8 . 8 AO 11 36 44 . 017 351 . 14 - 6 . 16 72 
10463 17 2382 8 . Q KO 11 36 51 . 366 311 . 40 -. 43 16 
10469 26 2243 a . o KO 11 37 35 . 660 313 . 81 -. 74 26 

1047 0 37 2205 8 . 2 KO 11 37 35 . 950 317 . 06 - 1 . 15 36 
1049 1 45 1955 7 . 4 MO 11 39 0 . 825 319 . 32 - 1 . 54 44 
10494 35 2272 8 . 2 KO 11 39 19 . 299 315 . 63 - 1 . 05 34 
10500 19 2491 a . a GO 11 40 2 . 553 311 . 34 -. 49 19 
10506 56 1540 7 . 3 MO 11 40 29 . 011 324 . 37 - 2 . 44 56 

10514 67 717 8 . 3 K5 11 40 52 . 782 333 . 73 - 4 . 10 67 
10520 24 2386 7 . 1 KO 11 41 11 . 068 312 . 27 - . 66 24 
10528 49 2079 7 . 3 K2 11 41 49 . 920 319 . 41 -1. 80 48 
10529 22 2396 8 . 2 KO 11 41 52 . 451 311 . 52 -. 57 21 
10532 54 1459 8 . 2 G5 11 41 59 . 510 321 . 73 - 2 . 20 53 

10533 - 0 2479 8 . 3 MO 11 42 2 . 384 307 . 12 . 07 - 1 
10545 17 2394 a . 1 K2 11 42 28 . 743 310 . 53 -. 43 17 
1054 6 16 2289 8 . 3 K2 11 42 29 . 326 310 . 18 -. 38 15 
10551 20 2645 7 . 3 KO 11 42 45 . 541 311 . 02 - . 52 20 
10553 7 2477 7 . 1 KO 11 42 49 . 926 308 . 61 - . 15 7 

10562 40 2461 8 . 1 K2 11 43 20 . 867 315 . 37 - 1. 26 39 
10574 4 2526 7 . 6 KO 11 44 1 2 . 759 307 . 93 -. 05 3 
10576 5 2539 a . 2 K2 11 44 27 . 617 308 . 15 -. 09 5 
10581 25 2418 7 . 8 KO 11 44 43 . 633 311 . 42 -. 65 24 
10588 33 2156 7 . 6 K5 11 45 18 . 625 312 . 84 - . 94 32 

10589 28 2046 7 . 6 G5 11 45 20 . 724 311 . 79 - . 75 27 
10605 12 2381 a . 2 K5 11 46 33 . 23 0 309 . 01 - . 27 12 
10609 30 2194 7 . 8 KO 11 46 59 . 471 311 . 66 -. 82 29 
10618 35 2285 8 . 5 KO 11 47 36 . 775 312 . 39 -1 . u2 35 
10619 - 1 2576 7 . 8 GO 11 47 52 . 850 307 . 06 • 11 - 2 

10620 44 2132 7 . 6 G5 11 47 59 . 405 314 . 07 -1 . 44 43 
10621 62 1199 7 . 8 KO 11 47 59 . 703 320 . 28 -2 . 94 61 
10627 71 588 8 . 4 KO 11 48 22 . 122 327.45 - 4 . 95 71 
10629 23 2396 8 . 7 KO 11 48 29 . 229 310 . 18 -. 59 23 
10634 58 1340 7 . 9 G5 11 48 44 . 228 317 . 80 - 2 . 48 57 

Position 19.50 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M.). 

T in centuries from 1900 . 0 , T' in centuries from epoch. 

49 
50 
54 
51 

9 

29 
23 
16 
47 
28 

18 
22 
22 

2 
36 

26 
40 
49 
48 
25 

45 
28 
35 

3 
17 

8 
17 
47 
39 
56 

6 
26 
36 
10 
18 

40 
45 
10 
42 
46 

37 
9 

46 
4 
8 

56 
38 
23 

1 
55 

Precession 
1950 1st 2nd 

Term Term 

43 . 81 -19 88 .6 -2.4 
41.52 -1988 . 7 -2 . 5 
11.41 -1989 . 7 - 2 . 4 
25 . 40 - 1990 . 4 - 2 . 2 

4 . 06 -1990.4 -2 . 2 

11 . 07 -1990 . 6 -2 . 2 
45 . 28 -1991 . 3 -2 . 6 
20 . 37 - 1991 . 6 -2 . 3 
14 . 92 -1991 . 7 -2 . 1 
23 . 03 -1992 . 0 -2 . 3 

5 . 07 - 1992 . 1 -2 . 0 
34 . 43 -1993 . 0 -2 . 1 
39 . 01 - 1993 . 2 -2 . 0 

1 . 39 - 1993 . 3 -2 . 0 
26 . 36 - 1993 . 4 - 2 . 0 

58 . 38 - 1993 . 4 - 2 . 0 
21 . 49 - 1993 . 5 -1 . 9 
37 . 35 - 1993 . 9 -2 . 2 
54 . 13 - 1994 . 0 -1 . 9 
51 . 35 - 1994 . 7 - 1 . 8 

9 . 16 -1994 . 7 -1 . 8 
20 . 75 - 1995 . 9 - 1 . 7 

7 . 26 - 1996 . l - 1 . 6 
3 . 93 - 1996 . 7 -1 . 5 

51 . 21 -1997 . 0 -1 . 6 

2 . 97 -1997 . 3 -1 . 6 
16 . 86 -1997 . 5 -1.5 
37 . 92 -1998 . 0 -1.4 
19 . 70 -1998 . 0 -1 . 4 
28 . 92 - 1998 . 1 -1.4 

25 . 99 -19 98 . 1 -1.3 
15 . 88 - 1998 . 4 -1.3 
47 . 64 - 1998 . 4 - 1.3 

2 . 65 - 1998 . 6 -1.3 
28 . 57 - 1998 . 7 -1 . 3 

23 . 12 -1999 . 0 -1 . 2 
a . oo -1999 . 5 -1 . 1 

14 . 85 -1999.7 -1.1 
8 . 74 - 1999 . 8 -1 . 1 
7 . 77 -2 000 . 1 -1.0 

6 . 4 0 -2 000 . 2 -1 . 0 
15 . 99 -2000 . 8 - . 9 
36 . 11 -2001. 0 - . 9 

4 . 51 -2 00 1 . 3 -.a 
24 . 95 - 2001 . 5 -. 8 

14.13 - 2001 .5 - . 8 
0 . 36 -2 001 .5 -. 8 

18 . 07 -20 0 1 . 7 -. a 
16 . 54 -2 001 .7 - . 7 

8 . 8 1 -2 001 . a -.7 
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No. Epoch 
Obs. 1900+ 

2 56 . 76 
2 57 . 25 
2 57.34 
2 57 . 23 
2 56 . 73 

4 58 . 04 
2 57 . 73 
2 58 . 28 
2 5 7 . 80 
2 57 . 77 

2 58 . 34 
2 57 . 74 
2 58 . 23 
2 57 . 27 
2 56 . 68 

2 57 . 77 
4 58 . 03 
2 57 . 34 
2 56 . 17 
2 56 . 79 

2 57 . 73 
2 56 . 78 
2 56 . 70 
2 56 . 79 
2 56 . 66 

2 56 . 69 
2 56 . 17 
2 56 . 24 
3 58 . 60 
2 57 . 72 

2 57 . 74 
2 57.79 
2 56 . 79 
2 56 . 71 
2 56.73 

2 57 . 26 
2 57 . 26 
4 5 8 . 2 5 
2 56.73 
2 56 . 73 

2 56 . 26 
2 57 . 71 
2 56 . 72 
2 56 . 17 
2 56 . 80 

2 56 . D 
2 57 . 27 
2 57.26 
2 57 . 80 
2 58.28 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

10636 7 2489 7 . 6 K5 11 49 0 . 020 308.13 -.13 7 
10638 68 664 9 . 0 A2 11 49 13.340 322 . 98 -4.04 68 
10655 63 981 s.o G5 11 50 20 . 540 318.47 -3.1 0 63 
10656 14 2445 7.3 KO 11 50 21.832 308 . 70 -. 30 13 
10658 74 475 7 . 5 KO 11 50 39 . 915 325.77 -5.60 73 

10661 - 3 3197 8 .3 K5 11 50 53 . 914 306 . 99 . 16 - 3 
10668 11 2409 8.1 KO 11 51 19 . 444 308.35 -.2 3 11 
10669 60 1360 8.2 KO 11 51 21 . 730 316 . 03 - 2 . 66 59 
10672 21 2373 8 . 6 K7 11 51 24 . 245 309 . 23 -. 50 20 
10676 5 2555 7.8 K5 11 51 30 . 694 307 . 77 -. 07 5 

10679 18 2539 7.5 F8 11 51 33 . 366 308 . 97 -. 43 18 
10684 4 2541 8 . 4 KO 11 51 54 . 905 307 . 68 -. 04 4 
10689 - 1 2587 8 . 6 KO 11 52 21 . 001 307 . 16 . 13 - 2 
10691 0 2858 8 . 2 F2 11 52 27 .1 03 307 . 31 . os - 0 
10692 2 2493 8 . 2 K5 11 52 30 . 144 307 . 45 . 03 1 

10694 56 1554 8 . 3 KO 11 52 41 . 877 313 . 71 -2.26 56 
10716 33 2172 H • 1 KO 11 54 11 . 984 309 . 48 -.89 32 
10717 6 2529 7 . 6 KO 11 54 14 . 481 307 . 66 -. 07 5 
10718 53 1516 8.6 KO 11 54 14 . 926 311 . 84 -1.99 53 
10722 41 2252 6 . 8 K2 11 54 32 . 029 310 . 06 - 1 . 22 40 

10723 27 2071 8 . 7 KO 11 54 38 . 117 308 . 95 -. 70 27 
10726 45 1977 8 . 7 MO 11 54 41 . 959 310 . 43 - 1 . 46 45 
10727 23 2408 8 . 7 F8 11 54 45 . 021 308 . 64 -. 57 23 
10743 55 1500 8 . 2 KO 11 56 6 . 482 310 . 54 - 2 . 08 54 
10745 38 2294 7 . 7 K2 11 56 10 . 828 309 . 08 - 1 . 11 38 

10747 16 2323 H • 5 K5 11 56 21 . 384 307 . 92 -.33 15 
10755 - 3 3217 8 . 4 K5 11 57 11 . 564 307 . 22 • 18 - 3 
10761 52 1601 8 . 7 G5 11 57 24 . 923 309.26 - 1 . 85 52 
10766 17 2422 7 . 9 GO 11 57 40 . 874 307 . 74 -. 37 16 
10776 8 2559 8 . 2 K2 11 58 27 . 832 307 . 46 -. 13 8 

l '.l7 R 1 25 2448 8 . 3 KO 11 58 43 . 923 307 . 66 -.59 24 
10783 66 742 7 . 1 K2 11 58 50 . 083 308 . 88 -3.36 66 
10785 0 2878 8 . 3 G 11 58 54 . 206 307 . 32 . 09 - 0 
10793 56 1558 8 . 7 K5 11 59 15.360 307 . 97 -2.14 56 
10795 1 2641 8 . 1 K2 11 59 47 . 590 307 . 33 . 07 0 

10797 12 2416 8 . 6 KO 12 0 5.419 307 . 32 -. 23 12 
10799 78 404 8 . 7 F8 12 0 18 . 495 306 . 48 - 6 . 87 77 
10801 41 2265 7 . 7 F5 12 0 26 . 659 307.10 - 1 . 22 41 
10802 47 1923 8 . 2 KO 12 0 38.672 306 . 92 -1.53 47 
10K06 29 2251 8 . 4 K2 12 0 45.078 307.08 -. 74 29 

10812 62 1214 7 . 7 KO 12 1 26 . 374 305. 77 -2.64 61 
10818 45 1991 8 . 2 KO 12 1 40 . 300 306.36 -1. 38 44 
10819 8 2566 8 . 6 F8 12 1 44 . 810 307 .19 -.11 7 
10fl20 64 877 R. 2 G5 12 1 44 . 958 305 .2 0 -2.97 64 
lOR21 5 2580 7.3 MCI 12 1 45 . 108 307 . 23 -.04 5 

10R2'l '16 2235 7 . 3 KO 12 2 7 . 474 306.43 -.98 35 
10824 17 2430 7 . 3 F8 12 2 8 . 899 306. 96 -. 35 16 
10827 33 2189 s . 2 KO 12 2 18.033 306.45 -.87 33 
10830 21 2388 8 . 6 KO 12 2 30 .9 09 306 . 78 -.46 20 
108:% 15 2408 8 . 5 KO 12 2 40.173 306 . 91 -.30 15 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.n.d term) + T' (P . M. )

T in centuries from 1900. 0, T' in centuries from epoch. 

9 
8 

12 
41 
34 

36 
23 
57 
46 

9 

26 
18 

5 
16 
35 

17 
28 
37 
22 
34 

26 
17 
15 
45 

9 

32 
40 

2 
52 
11 

29 
24 

6 
6 

50 

9 
58 
20 
26 
23 

40 
43 
40 
22 
12 

50 
32 

7 
30 

7 

1950 

16 . 28 
3 . 84 
6 . 88 

58 . 55 
11 . 45 

19 . 43 
50 . 95 
30 . 84 

5 . 86 
25 .44 

52 .41 
54 . 60 
47 . 90 
40 . 94 
43 . 35 

20 . 66 
52 . 80 
24 . 22 
16 . 44 

1 .1 2 

16.78 
19 . 78 
17.06 
51 . 18 
18 . 86 

39 .1 7 
35 . 39 
59 . 03 
58 . 43 
36 . 87 

45 . 44 
4 . 26 
1 . 51 

19.98 
31 .7 5 

20 . 96 
17 . 17 
36 . 71 
58 . 84 
57 . 47 

54 . 28 
43 . 45 
38 . 99 
19 . 89 
36 . 92 

44 . 80 
51 . 01 
47 . 14 

9 . 80 
46 . 58 

Prece ssion 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

-2001.9 -. 7 2 57 . 74 
- 2002 . 0 -.7 2 57 . 79 
- 2002 . 5 -. 6 2 57 . 79 
- 2002 . 5 -. 5 2 56 . 87 
-2002.6 -. 5 2 57 . 27 

- 2002 . 1 -.5 2 58 . 23 
-2002.s -. 4 2 57 . 26 
-2002.s -. 4 2 57 . 74 
- 2002 . s -. 4 2 58 . 28 
- 2002 . 9 -. 4 2 58 . 26 

- 2002 . 9 -. 4 2 57 . 24 
- 2003 . 0 -. 4 2 57 . 74 
- 2003 . 1 -. 3 2 57 . 20 
- 2003 . 2 -. 3 2 58 . 34 
-2003.2 -. 3 2 57 . 84 

- 2003 . 2 -. 3 2 58 . 26 
-2003.6 - . 1 2 56.81 
- 2003 . 6 - . 1 2 56 . 26 
-2003.6 - . 1 2 57.26 
- 2003 .7 - . 1 2 56 . 72 

- 2003 . 7 -. 1 2 57 .7 9 
- 2003 . 8 - . 1 2 58.80 
- 2003 .7 - . 1 2 58 . 28 
- 2004 . 0 . o 2 57.20 
- 2004 . 0 • 1 2 57 . 79 

-2004.0 • 1 2 57 . 82 
- 2004 .1 . 2 2 57 . 34 
- 2004 .1 . 2 2 57 . 32 
- 2004 . 2 . 2 2 56 . 80 
- 2004 . 2 . 3 2 56 . 80 

- 2004 . 2 . 3 4 58 .55 
- 2004 . 2 . 3 2 56.18 
- 2004 . 2 . 3 2 57 . 33 
- 2004 . 2 . 4 2 57 .7 3 
- 2004 . 3 . 4 2 58 . 23 

- 2004 . 3 . 4 4 58 . 06 
- 2004 . 3 . 5 2 57 . 81 
- 2004 . 3 . 5 2 56 . 20 
-2004.2 . 5 2 56.73 
- 2004 . 2 . 5 2 57 . 34 

-2004.2 . 6 2 56 . 86 
- 2004 . 2 . 6 2 58 . 28 
- 2004 . 2 . 6 2 57 . 86 
- 2004 . 2 . 6 2 58 . 35 
- 2004 . 2 . 6 2 58 . 74 

-2 004 . 2 . 6 2 58 . 26 
-2004.1 . 7 2 58 . 82 
-2004.2 . 7 2 58 . 34 
- 2004 . 1 . 7 2 56 . 73 
- 2004 . 1 . 7 2 57 . 27 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

10844 27 2092 8 . 9 F8 12 3 0 . 369 306 . 45 -.64 26 
10862 0 2894 7.6 KO 12 4 37 . 714 307 . 34 . 12 - 0 
10863 69 645 8 . 1 GS 12 4 38 . 345 300.15 -3.67 69 
10867 20 2683 7 . 6 K2 12 4 49 . 876 306 . 32 -. 42 19 
10868 5 2587 8 . 2 KO 12 4 59 . 282 307 . 08 - , 02 4 

10870 14 2474 7.5 KO 12 5 2 . 668 306 . 60 -. 26 13 
10871 42 2274 7 . 5 K5 12 5 3 . 381 304 . 64 - 1 . 23 42 
10874 - 2 3466 8 . 5 F8 12 5 15 , 159 307 . 48 , 18 - 2 
10875 72 558 8 . 5 A2 12 5 25 . 060 297 . 59 - 4 , 20 72 
10878 6 2555 8 . 1 KO 12 5 29 . 121 306 . 97 -. 06 6 

10880 - 3 3239 7 . 6 KO 12 5 38 . 540 307 . 56 . 21 - 4 
10881 31 2332 7 , 9 K2 12 5 42.874 305.36 -.76 30 
10885 38 2304 8 . 8 K2 12 6 17.527 304 .4 5 -1. 05 38 
L0886 49 2116 7.4 KO 12 6 22 . 468 302 , 98 -1. 58 49 
10909 17 2444 7 . 5 K2 12 7 34 . 896 306 . 00 -. 33 16 

10911 49 2118 8 . 1 KO 12 7 41.729 302 . 20 -1.52 48 
10913 29 2263 7 . 6 KO 12 7 55 , 677 304 ,7 3 -.71 29 
10914 45 2001 8 . 5 F8 12 8 12 . 925 302 .46 - 1 . 36 45 
10917 15 2422 8 . 6 K2 12 8 27 . 313 306 . 03 -. 27 14 
10929 0 2907 7 . 6 KO 12 8 51 .702 307 . 28 • 11 0 

10942 65 874 7,6 K2 12 9 38 . 576 295 .41 - 2 .79 64 
10944 87 104 8 . 0 KO 12 9 43 .1 53 190.98 -7, 29 87 
10951 74 489 8 .7 F5 12 10 1 , 892 286 . 93 -4. 39 74 
10955 22 2450 8 . 5 KO 12 10 23 . 632 304 . 94 -. 45 21 
10959 61 1283 A. 4 A2 12 10 35 . 232 296 . 34 - 2 . 34 60 

10960 12 2435 7 . 8 K5 12 10 41 . 054 306 . 02 -,19 11 
10961 67 735 8 , 5 F8 12 10 42 . 526 292 .37 -3.10 67 
10973 27 2105 7 . 4 G5 12 11 46 , 216 303 . 86 -. 61 26 
10 979 40 2513 6 . 7 K5 12 12 6 . 412 301 .49 -1. 06 39 
10983 34 2301 8 . 2 F5 12 12 27 , 884 302 , 51 -. 83 33 

10988 59 1431 8 . 3 K5 12 12 40 . 486 294 . 92 -2.17 59 
10990 17 2454 1 . 0 K2 12 12 41 . 054 305 . 04 -. 33 17 
10994 53 1535 7 , 7 KO 12 12 58 . 519 297 . 30 -1. 72 52 
10998 7 2526 7 . 7 KO 12 13 42 ,2 14 306 . 42 -. 04 6 
10999 - 3 3257 8 . 3 KO 12 13 42 . 153 307 . 91 • 24 - 4 

11002 - 1 2639 8 . 0 KO 12 14 10.171 307 . 68 . 20 - 2 
11007 1 2676 8 . 2 KO 12 14 24 . 709 307 . 23 • 12 0 
11011 36 2257 9 . 0 K2 12 15 2 , 2U8 301 . 0 1 -. 90 35 
11023 3 2626 8 . 2 A2 12 15 45 . 674 306 , 78 . os 3 
11027 8 2586 7 , 8 KO 12 15 54 , 672 305 .97 -,08 8 

11028 - 2 3494 8 . 4 K2 12 16 0 . 438 307 .77 . 2 1 - 2 
11029 41 2287 A. l G5 12 16 6 , 559 299 . li - 1 . 09 41 
11033 18 258 7 8 . 7 F8 12 16 25 . 556 304 . 29 -. 32 17 
11039 66 754 7 , 9 K2 12 16 34 . 907 285 . 99 -2.69 65 
11040 47 1949 8 ,7 KO 12 16 36 , 696 297 . 12 -1,32 46 

11041 53 1537 8 . 0 KO 12 16 40 , 061 294 . 57 -1. 65 52 
11049 63 1009 7 , 9 A3 12 17 16 . 892 287 . 88 - 2 . 37 62 
11052 48 201 7 8 . 6 A3 12 17 23 . 597 296 . 04 - 1 . 39 48 
11054 44 2180 7 . 4 G5 12 17 30 . 105 297 . 52 -1.20 43 
11062 84 274 7 . 8 G5 12 18 18 . 479 211 . 50 -4.87 83 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

38 
21 
21 
37 
47 

47 
20 
51 

2 
18 

0 
33 

8 
27 
42 

48 
20 
27 
42 
28 

44 
12 

0 
29 
41 

47 
21 
46 
37 
32 

13 
11 
59 
30 
10 

27 
37 
48 
22 
20 

44 
11 
36 
38 
31 

42 
38 

4 
53 
39 

Precession 
1950 1st 2nd 

Term Term 

21 . 99 -2 004 . 1 . 7 
6 . 03 - 2003 . 8 . 9 

14 . 81 - 2003 , 8 . 9 
53 , 55 - 2003 , 8 . 9 
29 . 67 -2003.8 . 9 

42 . 42 -2003.7 . 9 
57 , 54 - 2003 , 8 . 9 

7 . 69 - 2003 , 7 . 9 
17.85 - 2003 .7 . 9 
53 . 23 - 2003 .7 1 . 0 

32 . 16 - 2003 .7 1 . 0 
13 . 28 - 2003 . 6 1 . 0 

0 . 78 - 2003 . 5 1.0 
49.37 -2003.5 1.0 
18.72 - 2003 . 2 1,2 

32 .7 0 -2 003 .1 1.2 
46.33 - 2003 .1 1 . 2 
13 . 51 - 2003 . 0 1. 2 

9 , 42 - 2002 . 9 1.2 
18 . 53 - 2002 . 8 1 . 3 

30 . 69 - 2002 . 5 1.3 
36 .7 6 - 2002 . 5 1 . 0 

8 . 39 - 2002 . 3 1 . 3 
27 . 86 - 2002 . 2 1. 4 
16,16 - 2002 .1 1.4 

39 , 06 - 2002 .1 1,5 
5 . 17 - 2002 .1 1.4 

58.42 - 2001 . 6 1 . 6 
13.07 - 2001 ,5 1.6 

2 . 54 - 2001 . 3 1.6 

32 . 46 - 2001 . 2 1.6 
5 , 91 -2001.2 1.7 

42.28 - 2001 . 0 1.7 
3 . 23 - 2000 . 7 1 . 8 

25 , 66 - 2000 .7 1,8 

41 , 50 -2000.4 1.8 
47 , 35 - 2000 . 3 1 . 8 
38 . 33 - 1999 . 9 1 . 9 
43.75 - 1999 . 5 2 . 0 
33 .1 8 -1999 . 4 2 . 0 

40.64 - 1999 . 4 2 . 0 
37 . 92 -1999.3 2 . 0 
25 . 42 -1999.1 2 , 0 
40 . 86 -1999.0 1 . 9 
29 , 24 -1999. 0 2 . 0 

58 . 67 -1999.0 2 . 0 
12,06 -1998,6 2 . 0 
49.09 -1998.5 2 . 1 
10.19 -1998.4 2.1 

4 . 22 -1997.9 1 . 7 
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No. Epoch 
Obs. 1900t-

2 58 . 25 
2 56 . 19 
2 57 , 26 
2 56 . 78 
2 57 . 26 

2 57 . 32 
2 58 . 25 
3 57 . 98 
3 58 . 31 
2 57 . 82 

2 57 . 82 
2 57 , 73 
2 57 . 26 
2 57 . 36 
2 57 . 73 

2 57 . 26 
2 57 . 33 
2 56 . 81 
2 56 . 82 
2 56 . 81 

2 57 . 32 
2 57 , 25 
2 58 . 35 
2 56 . 73 
2 57.81 

2 56 . 80 
2 58 . 28 
2 57 . 28 
2 56 . 81 
2 57.34 

2 57 . 31 
2 56 . 28 
2 57 . 37 
2 57 . 28 
2 58 . 28 

2 58 . 71 
2 58 . 34 
2 56 . 34 
2 57 . 80 
2 56 . 81 

2 57 . 82 
2 58 . 27 
2 58 . 28 
2 57 . 73 
2 56 . 81 

2 57 . 79 
2 58 . 80 
2 58 . 77 
2 57 . 25 
2 57 . 79 
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P r ecession 

No. B.D. No. M + Sp. R. A. 1950 1st 2nd Decl. 

Term Te rm 

1106 1: 80 3R3 R. 3 K2 12 1 8 32 . 266 244 . 21 -4 . 97 80 
1106f:l 12 2 2 31+ H. 8 F5 12 18 40 . 063 300 . 64 -. 73 31 
11 ·"''"'0 .._V.._,~ 4 2606 8 . 3 F2 12 18 40 . 90J 306 . 57 . 04 3 
1D70 35 2333 7 . 1 KO 12 18 41 . 405 299 . 72 -. 84 34 
11:)74 0 2932 8 . 2 K2 12 19 4 . 170 307 . 30 . 14 0 

11081) 28 2109 8 . 6 GO 12 19 25 . 559 301 . 42 -. 60 2 7 
11082 33 2225 7 . 4 KO 12 19 31 . 778 299 . 84 -. 78 33 
11090 20 2713 7 . 9 K2 12 20 10 . 652 302 . 96 - . 39 2U 
110?2 40 2529 8 . 3 KO 12 20 21 . 867 297 . 53 -. 99 39 
llJ'::13 50 1915 8 . 9 MO 12 20 24 . 874 .::'.93 . 00 -1 . 47 50 

11094 60 1396 8 . 0 KO 12 20 26 . b46 286 . 38 - 2 . 10 60 
11102 71 613 b . 4 KO 12 20 44 . 098 273 . 04 - 3 . 12 70 
1 11 l t; 'ifl 1373 7 . 9 K2 12 21 35 . 681 287 . 16 - 1 . 9 1 58 
111 lR 5 2623 7 . 8 KO 12 21 59 . 285 306 . 29 . 04 4 
1 l 1?4 26 2347 8 . 3 FH 12 22 31 . 859 300 . 98 -. 53 25 

11125 18 2331 8 . 7 KO 12 22 38 . 272 297 . 21 -. 91 37 
11131 10 2421 H. O K5 12 22 58 . 76v 304 . 96 -. lJ lu 
11141 55 15:l 1 7 . 7 K2 12 23 56 . 947 287 . 52 -1. 67 54 
11141+ 76 449 H. 5 K5 12 24 8 . 032 251 . vl - 3 . 6U 75 
11145 l/1 z'502 t\ . 6 KO 12 24 21 . 351 303 . 71 -. 21 14 

1 1146 49 2139 H. 2 r,5 12 24 23 . 466 291 . 03 -1 . 36 48 
11 llf8 - 2 ... 520 1'1 . 5 K2 12 24 36 . 162 308 . 08 . 24 - 3 
111:6 28 2116 7 . 3 KO 12 25 3 . 230 299 . 45 -. 60 28 
11159 5 2630 8 . 1 KO 12 25 6 . 186 306 . 13 • u5 4 
11160 6 2615 8 • 0 G5 12 25 6 . 691 305 . 68 . oo 6 

11162 9 2629 8 . 5 G5 12 25 21 . 201 304 . 94 -. U7 9 
11166 16 2377 H. 2 F8 12 25 39 . 264 303 . 08 -. 25 15 
11171 79 393 H. 5 KO 12 26 8 . 639 232 . 54 - 3 . 56 78 
11172 - 1 "BOZ H. 4 Fu 12 26 lv . 216 308 . 40 . 21 - 4 
11179 - 1 2674 7 . 6 "10 12 26 35 . 672 307 . 91 . 23 - 2 

11180 ~-4 1530 9 . 0 A2 12 26 43 . 351 286 . 29 - 1 . 56 53 
111 Hl I+ ~ 2227 8 0 3 KO 12 26 43 . 604 292 . 68 - 1 . 09 43 
111 <l~ - 0 2583 8 . 7 '(5 12 26 48 . 981 307 . 59 .1 9 - 0 
1 l J 90 15 2469 7 . 5 KO 12 27 15 . 405 303 . 10 -. 22 14 
11196 63 1017 8 . 8 G 12 27 44 . 439 275 . 49 - 2 .1 4 63 

11204 ,4 2319 H. 4 F2 12 28 8 . 968 296 . 27 -. 75 34 
1 12 09 32 2252 7 . 4 F5 12 28 32 . 276 297 . 08 -. 68 31 
11220 77 475 7 . 6 KO 12 28 59 . 285 234 . 52 - 3 . 18 76 
11229 l~ 2622 8 0 H F5 12 29 31 . 943 301 . 77 -. 29 17 
l l ?"31 71 4.28 H 0 6 F2 12 29 39 . 613 300 . 64 -. 37 21 

11248 8 26113 8 . 6 G5 12 31 2 . 418 304 . 93 -. u l 7 
11249 2 c, 2522 7 . 2 MO 12 31 2 . 762 299 . 02 -. 46 24 
1 12 'i 1 ', 2643 7 . 6 KO 12 'H 4 . 034 305 . 91 . 07 4 
1125~ 78 2133 8 . 5 F2 12 31 fl . 269 297 . 56 -. 57 28 
11260 42 ? '12 2 H. R K2 12 32 6 . 226 290 . 56 - 1 . 00 41 

112S6 )9 1448 H. 4 A2 12 32 17 . 648 276 . 69 - 1 . 74 58 
1 7 7f,':J /1 7 1970 7 , 7 K5 12 32 19 . 258 286 . 99 - 1 . 20 47 
llt.L id n :;4 b o 8 Gv 12 32 25 . 667 t.97 , 42 - , 54 27 
11784 17 2')JO H. 9 F5 12 33 15 . 899 301 , 38 - . 25 17 
ll?HR '+6 1797 7 . 3 K5 12 33 29 . 746 287 . 14 - 1 . 14 46 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch . 

17 
34 
59 
57 

7 

35 
22 
25 
33 
19 

22 
36 

3 
36 
50 

29 
1 

5 1 
59 
19 

56 
0 

23 
41 
25 

10 
53 
30 

J 
9 

32 
17 
57 
55 

7 

1 
4 1 
57 
56 
11 

33 
43 
29 
21 
56 

30 
16 
43 

6 
3 

1950 

35 . 15 
46 . 95 

7 . 09 
51 . 98 

9 . 58 

11 . 86 
3 . 71 

34 . 15 
9 .7 1 

23 . 6 4 

54 . 29 
2 . 33 

39 . 68 
30 . 29 
14 . 50 

52 .1 5 
43 . 37 
55 .1 0 
44 . 33 
14 . 48 

17 . 73 
38 .1 0 

8 . 52 
38 . 6 7 
50 . 74 

29 . 07 
4 1. 34 
11 . 74 
5ù . 39 
11 . 71 

13 . 98 
29 . 00 
24 . 18 
34 . 87 
25 . 50 

30 . 43 
57 . 93 
4~ . 52 
2 1. 03 
42 . 72 

24 . 33 
27 . 23 
46 . 54 
25 . 45 
45 . 50 

47 . J5 
58 . 54 
51 . 87 
19 , 32 
20 . 60 

Precession 

1st 2nd 
No. Epoch 
Obs. 1900+ 

Term Te rm 

- 1997 . 7 1 . 9 2 57 . 88 
- 1997 . 6 2 . 2 2 57 . 34 
- 1997 . 6 2 . 2 2 57 . 79 
- 1997 . 6 2 . 2 2 57 . 73 
- 1997 . 3 2 . 3 2 56 . 86 

- 1997 . 1 2 . 3 2 58 . 28 
- 1997 . 0 2 . 3 2 56 . 33 
- 1996 . 6 2 . 4 2 56 . 82 
- 1996 . 3 2 . 3 2 57 . 26 
- 1996 . 3 2 . 3 2 58 . 26 

- 1996 . 3 2 . 3 2 57 . 73 
-1 996 . 1 2 . 2 2 56 . 80 
-1 995 . 4 2 . 4 4 57 . 76 
- 1995 . 0 2 . 6 2 56 . 85 
- 1994 . 6 2 . 6 2 57 . 8 1 

- 1994 . 5 2 . 6 2 57 . 81 
- 1994 . 2 2 . 6 2 57 . 78 
-1 993 . 3 2 . 6 2 57 . 34 
-1 993 . 2 2 . 3 2 5 7. 7 1 
- 1992 . 9 2 . 8 4 58 . 56 

- 1992 . 9 2 . 7 2 5 7. 80 
- 1992 . 7 2 . 8 2 58 . 72 
- 1992 . 3 2 . 8 2 56. 28 
- 1992 . 3 2 . 9 2 5 6 . 80 
- 1992 . 2 2 . 9 2 56 . 87 

- 1992 . ü 2 . 9 2 57 . 26 
- 1991 . 7 2 . 9 2 57 . 74 
- 199 1. 2 2 . 4 2 57 • 81 
- 1991 . 2 3 . 0 2 57 . 73 
- 1990 . 8 3 . 0 2 56 . 78 

- 1990 . 6 2 . 9 2 56 . 86 
-1 990 . 6 2 . 9 2 57 . 82 
- 1990 . 6 3 . 0 2 58 . 72 
- 1990 .1 3 . 1 2 58 . 31 
- 1989 . 6 2 . 8 2 5 7 • 88 

- 1989 . 2 3 . 1 2 58 . 27 
- 1988 . 7 3 . 1 2 57 . 80 
- 1988 . 2 2 . 6 2 57 . 71 
- 1987 . 6 3 . 2 2. 5 7 . 82 
- 1987 . 5 3 . 3 2 56 . 78 

- 1985 . 9 3 . 4 2 57 . 73 
- 1985 . 9 3 . 4 2 57 . 25 
- 1985 . 9 3 . 4 2 57 . 79 
- 1985 . 8 3 . 4 2 5 7 . 8 7 
- 1984 . 6 3 . 4 2. 57 . 73 

- 1984 , 4 3 . 3 2 57 . 28 
- 1984 , 4 3 . 4 2 57 . 31 
- 1984 , 2 3 . 5 é. 58 • 2 8 
- 1983 . 2 3 , 6 2 58 , 74 
- 1982 . 9 3 . 5 2 57 . 25 



RESULTS OF OBSERVA TIONS MAD E WITH THE REVERSIB LE MERIDIAN CffiCLE, 1956-1961 

P rece ssion 
No. B . D . No. M + Sp . R.A. 1950 1st 2nd Decl. 

Te rm Te rm 

11295 1 2724 8 . 8 GO 12 33 48 . 349 306 . 87 . 15 1 19 
11299 21 2434 7 . 6 F5 12 34 18 . 798 299 . 87 - . 33 20 30 
11300 15 2483 8 . 7 GO 12 34 31 . 238 302 . 14 - . ltl 14 31 
11308 13 2561 8 . 2 G5 12 34 50 . 919 302 . 56 -. 15 13 15 
11312 19 2590 8 , 8 F8 12 35 7 . 853 300 . 34 -. 29 18 54 

11325 - 3 3329 6 . 8 K5 12 36 8 . 882 308 . 84 . 30 - 4 5 
11333 61 1307 7 , 6 KO 12 36 43 . 739 268 . 38 -1 . 81 61 18 
11343 37 2306 8 . 6 AO 12 37 31 . 746 290 . 75 -. 81 37 16 
11345 43 2249 9 . 1 KO 12 37 36 . 393 286 . 94 -. 99 43 2 
11346 25 2544 8 . 9 K5 12 37 36 . 627 297 . 03 - . 45 25 15 

11349 34 2341 7 . 1 K2 12 37 42 . 678 292 . 32 - . 71 34 26 
11350 8 2626 8 . 2 G5 12 38 2 . 952 304 . 23 . ou 7 58 
11352 75 479 8 . 3 K2 12 38 3 . 995 226 . 60 - 2 . 34 74 41 
11376 - 4 3331 8 . 2 G5 12 39 24 . 854 309 . 31 . 33 - 4 56 
11380 9 2661 tl . 8 KO 12 39 28 . 785 303 . 59 - . 03 9 16 

11381 33 2261 8 . 8 GO 12 39 38 . 446 292 . 31 - . 66 33 8 
11383 0 2972 tj . 4 F5 12 39 43 . 797 307 . 34 . 20 - \) 2 
11390 57 1388 7 , 4 KL 12 40 16 . 354 no . 98 - 1 . 53 57 16 
11399 40 2566 9 . 1 F2 12 41 0 . 6tl-l 2.87 . 43 -. 86 39 54 
11405 11 24H7 8 . 4 F2 12 41 30 . 121 302 . 56 -. 07 11 11 

11412 1 2746 8 . 2 MO 12 41 51 . 833 306 . 98 • 19 J 48 
11417 18 2655 8 . 4 F8 12 42 12 , 940 299 . 39 -. 24 17 58 
11423 28 2148 7 . 6 KO 12 42 36 . 212 294 . 38 -. 49 27 40 
11440 - 0 ?608 8 . 1 KO 12 43 58 . 525 307 . 57 . 23 - l) 32 
11441 17 2532 8 . 7 A2 12 43 59 . 145 299 . 63 -. 20 16 47 

11444 37 2324 9 . C F5 12 44 15 . 814 287 . 92 -. 75 37 7 
11445 48 2055 7 . 8 MO 12 44 18 . 1n 2.79 . 1 7 - 1 . 09 47 38 
11446 43 225tJ 7 . 7 Ftl 12 44 27 . 08tl 282 . 95 -. 94 43 25 
11450 33 2269 7 . 7 K5 12 44 42 . 426 290 . 61 - . 62 32 50 
11451 7 2575 8 . 5 KO 12 44 42 . 78lJ 304 . 02 . 03 7 16 

11452 - 3 3_360 8 . 1 K2 12 44 59 . 369 309 . 34 . 33 - 4 24 
11453 53 1568 7 . 6 KO 12 45 4 . 078 272 . 51 -1 . 28 53 8 
11460 24 2495 7 . 2 G5 12 45 31 . 801 295 . 39 -. 39 24 22 
11464 21 2458 8 . 3 K2 12 45 54 . 831 2.97 . 17 -. 3u 20 54 
114 72 61 1319 7 . 6 K2 12 46 19 . 111 258 . 76 - 1 . 5tJ 61 5 

11475 16 2427 8 . 7 FO 12 46 21 . 511 299 . 79 -. 17 15 41 
11483 34 2358 8 . 5 KO 12 46 37 . 547 289 . 08 -. 65 34 3 
11484 55 1555 8 . 4 A3 12 46 41 . 033 269 . 40 - 1 . 32 54 31 
11486 36 2309 8 . 1 KO 12 46 52 . 415 287 . 90 - . 69 35 35 
11491 39 2568 8 . o KO 12 47 19 . 740 285 . 42 - . 77 38 38 

11494 22 2517 8 . 6 A2 12 47 21 . 873 296 . 30 -. 32 21 54 
11504 46 1824 8 . 0 KO 12 48 18 . 617 278 . 03 - 1 . 01 46 20 
11505 59 1468 8 . 8 K7 12 48 18 . 727 260 . 18 - 1 . 47 59 · 19 
11511 15 2512 8 . 8 F8 12 48 54 . 951 299 . 67 - . 15 15 7 
11512 50 1954 8 , 0 K2 12 49 1 . 635 274 . 07 - 1 . 11 49 32 

11515 58 1397 7 . 4 MO 12 49 9 . 041 261 . 81 -1 . 41 58 0 
1152 0 26 2399 7 . 5 K5 12 49 27 . 346 293_. 41 - . 42 25 56 
11523 - 0 2622 7 . 8 K5 12 49 38 . 245 307 . 66 . 25 - 0 39 
11529 51 1792 8 . 1 F5 12 50 5 . 284 272 . 12 -1 . 13 5u 33 
11530 34 2365 8 , 9 KO 12 50 6 , 850 287 . 70 -. 63 34 6 

Posilion 1950 + T = Posilion 1950 + T (1st term) + T 2 (2nd term) + T' (P. M. ) 

T in centuries from 1900. 0, T' in c entur ie s from epoch . 

Precession 
1950 1st 2nd 

Term Term 

11 . 00 -1982 . 5 3 . 7 
44 . 78 -1981 . 8 3 . 7 
36 . 87 - 1981 . 5 3 . 7 
30 . 35 -1981.1 3 . 8 
15 . 63 -1980 . 8 3 . 8 

55 . 41 -1979 . 4 4 . 0 
11 . 93 -1978 . 6 3 . 5 
21 . 47 -1977 . 4 3 . 9 
54 . 92 - 1977 . 3 3 . 8 
47 . 06 - 1977 . 3 4 . 0 

25 . 36 - 1977 . 2 3 . 9 
26 . 71 - 1976 . 7 4 • 1 
42 . 44 - 1976 . 7 3 . 2 
47 . 34 - 1974 . 7 4 . 3 
38 . 23 -1974 . 6 4 . 2 

14 . 17 - 1974 . 4 4 . 1 
3 . 72 - 1974 . 2 4.3 

22 . 62 - 1973 . 4 3 . 9 
45 . 66 - 1972 . 3 4 • 1 
41.94 - 1971 . 5 4 . 4 

36 , 40 - 1970 . 9 4 . 5 
25 . 56 -1970 . 3 4 . 4 

1 , 37 - 1969 . 7 4 . 4 
55 . 59 -1967 . 4 4 . 7 
40 . 81 - 1967 . 5 4 . 6 

16 . 9'.l - 1967 . 0 4 . 4 
43 . 09 - 1966 . 9 4 . 3 
30 . 28 -1966 . 7 4 . 4 
26 . 26 - 1966 . 2 4 . 5 
50 . 48 - 1966,2 4 . 7 

30 . 06 - 1965 . 8 4 . 8 
3 . 33 - 1965.6 4 . 3 
4 . 21 - 1964 . 8 4 . 7 

34 . 79 -1964 . 2 4 . 7 
33 . 68 -1963 . 5 4 . 2 

U . 23 -1963 . 4 4 . 8 
10 . 02 -1962 . 9 4.7 
13 . 19 -1962 . 8 4 . 4 
35 . 03 -1962 . 5 4 . 7 
24 . 19 -1961 . 7 4 . 7 

45 . 91 -1961.6 4.8 
20 . 40 -1959,9 4 . 7 
46.79 -1959 . 9 4 . 4 
51 . 32 -1958 . 8 5 . 0 
26 . 59 -1958 . 6 4 . 7 

11 . 41 -1958 . 3 4 . 5 
46 . 50 -1957.8 5 . 0 
27.07 -1957 . 4 5 . 2 
11 . 66 -1956.6 4 . 7 
27 .04 -1956 . 5 5 . 0 

139 

No. Epoch 
Obs. 1900+ 

2 57 . 28 
2 56 . 89 
2 57 . 86 
2 56 . 81 
2 56 . 74 

4 57 . 49 
2 56 . 27 
2 56 . 79 
2 57 . 33 
2. 57 . 7'2. 

4 57 . 77 
4 59 . 27 
2 57 . 36 
2 57 . 32 
2 57 . 73 

2 5 7 . 8 0 
2 56 . 2.tJ 
2. 5 6 . 7 2. 
2 5 7 . '.:i4 
2 57 . 26 

2 5 6 . ts 7 
2 56 . 89 
2 57 . 27 
2. 56 . 79 
2 57 . 36 

2 57 . 70 
3 5 8 . 3 7 
2 5 7 . 83 
2 58 . 39 
2 58 . 28 

2 58 • 72 
2 57 . 31 
2 5 6 . tl 1 
2 57 . '34 
2 58 . 73 

2 56 . 82 
2 57 . 83 
2 57.73 
2 57 . 27 
4 5 7 . tJ3 

2 57 . 38 
2 56 . 28 
2 57 . 79 
2 57 . 36 
2 56 . 73 

2 56 . 89 
2 57.41 
2 58 . 25 
2 56.82 
2 58. 27 



140 PUBLICATIONS OF THE DOMINION OBSERVATORY 

Preces sion 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

11539 47 1998 7.2 MO 12 51 2.294 275.76 -1 . 00 46 55 
11540 60 1425 7.6 K2 12 51 3 . 935 255.72 -1 . 45 60 13 
11541 5 2690 7.6 KO 12 51 7.572 305.0ù • 12 4 30 
11548 25 2571 8.o K2 12 51 28.792 293.51 - . 38 24 54 
11549 63 1Q38 8.4 F8 12 51 28.941 249.24 -1 . 52 62 52 

11550 27 2189 1.0 K2 12 51 29.687 292.13 - . 43 27 3 
11554 37 2334 8.5 G5 12 51 44.874 284.57 - . 7ù 37 15 
11561 40 2590 8.4 K5 12 52 30.263 281.87 -. 77 39 59 
11562 2 2599 8.8 KO 12 52 35.901 306.39 . 20 1 45 
11570 33 2284 8.4 G5 12 52 49.595 287.40 - . 58 33 8 

11572 13 2607 8.1 KO 12 52 59.433 300.28 -. 08 12 58 
11575 64 923 8.6 A5 12 53 3. 772 243.14 -1 . 52 64 28 
11585 53 1577 8.4 KO l .:'. 53 29.927 266.29 -1 . 17 53 0 
11588 24 2508 9.0 MO 12 53 36.982 293 . 64 - . 34 23 50 
11590 30 2345 9.1 A5 12 53 50.255 289.44 - . 49 29 53 

11591 79 407 7.9 KO 12 53 59 . 948 150.23 . 44 78 46 
11596 11 2515 8.4 AO 12 54 15.109 301 . 36 -. 02 10 46 
11597 51 1797 8.9 K7 12 54 17.657 268 . 11 -1 . 10 51 21 
11608 26 2409 8.7 K2 12 55 19 . 249 291.61 -. 39 26 12 
11612 18 2681 8.3 K5 12 55 37 . 882 296 . 87 - . 19 18 2 

11613 49 2175 9.0 KO 12 55 52.219 270.87 -. 99 48 30 
11614 - 0 2637 8.5 A2 12 55 53.620 307.77 . 26 - 0 46 
11624 59 1475 8.3 F5 12 56 19.931 253.97 -1 . 29 58 38 
11628 62 1268 7.1 KO 12 56 28.080 246.07 -1 . 38 61 59 
11633 - 4 3390 8.o K2 12 56 48.560 309 . 99 . 37 - 4 38 

11645 3 2719 8.6 F5 12 57 35.691 305.79 • 18 2 39 
11650 4 2683 7.4 K5 12 57 57.629 305.06 . 15 3 52 
11653 55 1571 8.9 G 12 58 7.285 260.32 -1 . 15 54 30 
11655 88 76 7.5 K2 12 58 21 . 980 -618.70 200 . 26 87 55 
11657 39 2589 8.5 KO 12 58 29.341 279.82 -. 70 39 11 

11661 46 1836 7 . 9 K2 12 58 39.387 272.03 -. 90 46 13 
11665 26 2416 8.8 KO 12 58 54.643 290.85 - . 37 25 52 
11666 2 2614 7.6 MO 12 58 57.152 306.27 • 21 1 47 
11668 22 2537 1.0 K5 12 59 8.264 293.87 -.26 21 32 
11672 19 2628 8.7 K2 12 59 34.389 295.58 -.20 18 53 

11683 46 1839 7.4 MO 13 0 28.700 271.67 - . 87 45 39 
11687 51 1802 8.1 KO 13 0 42.335 263.65 -1 . 02 51 18 
11699 31 2445 7.4 G5 13 1 26.076 285.83 - . 49 31 16 
11713 10 25Q9 8.Q KO 13 2 13.957 301.19 • 03 9 43 
11714 66 787 8.9 G 13 2 15.554 n6.26 -1 . 26 66 8 

11717 54 1566 7.4 K2 13 2 31.4ù6 257.55 -1 . 07 54 7 
11719 36 2336 9.2 F2 13 2 45.794 280.60 - . 60 36 29 
11731 27 2212 7.6 KO 13 3 16.498 288.89 -.37 26 51 
11742 34 2389 8.3 KO 13 4 15.380 282.12 - . 55 34 17 
11748 29 2369 8.6 K2 13 4 46.505 286.69 -.42 28 58 

11749 60 1445 8.1 G5 13 4 51.023 241.60 -1.16 60 25 
11753 2 2626 7.8 F5 13 5 3.282 306.19 . 23 1 44 
11760 43 2300 8.2 K2 13 5 36.166 272.59 - . 74 42 38 
11762 72 600 7.5 KO 13 5 42.001 193.35 - . 82 71 39 
11766 63 1053 7.6 KO 13 6 11.075 232.78 -1 . 16 62 57 

Position 1950 + T = Position 1950 + T (1st term) + Ti (2nd term) + T' (P. M . ) . 

Tin centuries from 1900. 0, T' in centuries from epocb. 

1950 

39 . 09 
23 . 96 
34 . 12 
25 . 74 
13 . 32 

3.70 
30 . 03 
35 . 24 
21 . 08 
12.23 

22 . 01 
2 . 71 

47 . 83 
40 . 71 
52 . 90 

13 . 47 
46 . 44 

0 . 90 
22.31 
17 . 70 

14 . 78 
55 . 68 
36 . 53 
11 . 69 
13 . 80 

12 . 76 
22 . 58 
25 . 27 

5 . 74 
44 . 23 

4 . 21 
11 . 03 
20 . 77 
16 . 00 
4u.lù 

11 . 01 
27.25 
10 . 78 

2. 71 
34 . 82 

30 . 22 
6 . 73 

10 . 81 
10 . 65 
46 . 88 

18 . 56 
29 . 83 
27 . 68 
38.47 
25.41 

Preces sion 

lat 2nd 
No. Epoch 

Term Term Obs. 1900+ 

-1954 . 8 4 . 9 2 56 . 88 
-1954 . 7 4 . 5 2 57 • 81 
-1954 . 6 5 . 3 2 57 . 77 
-1953 . 9 5 . 2 2 57.39 
- 1953 . 9 4 . 5 4 58 . 28 

- 1953 . 8 5 . 2 2 56 . 82 
-1953 . 4 5 . 1 2 57 . 82 
-1951 . 9 5 . 1 2 57 . 36 
-1951.6 5 . 5 2 58 . 74 
-1951 . 2 5 . 2 2 58 . 69 

-1950 . 9 5 . 4 2 56 . 79 
- 1950 . 8 4 . 5 2 57 . 79 
- 1949 . 9 4 . 9 2 56 . 81 
- 1949 . 7 5 . 4 2 57 . 73 
- 1949 . 2 5 . 3 2 57 . 28 

- 1948 . 9 3 . 0 2 57 . 82 
-1948 . 4 5 . 6 2 57 . 36 
-1948 . 3 5 . 0 2 58 . 34 
-1946 . 2 5 . 5 2 57 . 39 
- 1945 . 5 5 . 6 2 56 . 34 

- 1945 . 0 5 . 2 2 58 . 74 
- 1944 . 9 5 . 8 2 57 . 70 
- 1944 . 0 4 . 9 2 56 . 82 
- 1943 . 7 4 . 8 2 56 . 28 
-1943 . 0 6 . 0 2 57 . 84 

- 1941 . 3 6 . 0 2 57 . 26 
-1940 . 5 6 . 0 2 56 . 81 
- 1940 . 1 5 . 2 2 56 . 82 
- 1939 . 6 -10 . 9 2 57 . 87 
-1939 . 3 5 . 6 2 56 . 72 

-1939 . 0 5 . 4 2 56 . 81 
- 1938 . 4 5 . 8 2 57 . 80 
-1938 . 3 6 . 1 2 56 . 80 
- 1937 . 9 5 . 9 2 56 . 25 
-1936 . 9 6 . 0 2 56 . 79 

-1934 . 9 5 . 6 2 56 . 72 
-1934 . 4 5 . 4 2 56 . 87 
-1932 . 7 5 . 9 2 56 . 78 
-1930 . 8 6 . 3 2 5 7 • 81 
-1930 . 8 4 . 8 4 58 . 32 

-1930 . 1 5 . 5 2 57 . 80 
-1929.6 5.9 3 57 . 94 
-1928 . 3 6 . 2 2 57 . 86 
-1926.0 6.1 2 57 . 81 
-1924 . 7 6 . 2 2 57 . 32 

-1924.6 5 . 3 2 58 . 25 
-1924 . 1 6 . 7 2 57 . 89 
-1922 . 7 6 . 0 2 57.33 
-1922 . 5 4 . 4 2 57 . 36 
- 1921.3 5.2 2 57 . 87 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D. No. M+ Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

11768 23 2541 8.7 KO 13 6 18.226 290.96 -.28 23 
11774 19 2642 7.2 K2 13 6 38.561 294.22 -.18 18 
11775 31 2456 8.3 F5 13 6 44.096 284.72 -.44 30 
11776 50 1982 7.8 K2 13 6 5 0 .329 262.00 -.91 49 
11780 6 2700 a.2 FO 13 7 5.583 303.11 • 12 6 

11784 17 2596 8.4 KO 13 7 20.711 295.68 -.12 16 
11790 16 2470 a.a G5 13 7 43.889 296.46 -.09 15 
11795 0 3030 8.6 K2 13 8 9.318 307.43 .28 - 0 
11806 27 2224 8.4 KO 13 9 4.588 287.41 -.34 26 
11808 20 2806 a.2 G5 13 9 8.675 292.81 -.19 20 

11809 41 2364 7.1 KO 13 9 12.534 272.71 -.68 41 
11810 35 2419 a.1 F2 13 9 14.332 279. 74 -.53 34 
11811 47 2027 8.2 K5 13 9 17.900 264.33 -.82 47 
11812 13 2643 a.2 KO 13 9 19.566 298.14 -.03 12 
11815 11 2543 a.1 F5 13 9 35.373 299.21 • 01 11 

11816 56 1645 9.0 KO 13 9 36.372 247.65 -1.01 56 
11823 9 2727 8.6 G5 13 10 22.869 301.18 .01 8 
11848 10 2523 8.3 KO 13 11 33.454 300.06 • 04 10 
11852 45 2096 8.7 F5 13 12 12.569 265.27 -.76 45 
11854 23 2551 a.a K2 13 12 37.037 289.38 -.25 23 

11855 61 1344 8.9 G5 13 12 37.957 232.17 -1.01 61 
11868 51 1824 8.5 G5 13 13 23.275 255.21 -.86 51 
11877 18 2708 7.4 GO 13 14 2.723 293.90 -.12 17 
11878 54 1584 8.8 K5 13 14 3.677 249.98 -.9 0 53 
11893 29 2386 8.4 K2 13 14 35.076 283.35 -.37 29 

11922 3 2755 8.3 K2 13 16 21.466 305.18 .23 2 
11926 34 2411 8.5 G5 13 16 32.884 278.11 -.46 33 
11934 37 2396 7.5 G5 13 17 30.302 274.36 -.51 36 
11940 9 2744 7.6 K2 13 18 2.503 300.65 .10 8 
11947 65 927 8.2 F5 13 18 37.145 209.31 -.79 65 

11952 24 2570 8.7 KO 13 18 45.263 287.51 -.24 23 
11958 3 2761 7.9 K5 13 19 4.364 304.87 .22 3 
11962 31 2474 8.7 GO 13 19 18.749 280.33 -.38 30 
11972 0 3049 a.a KO 13 19 54.981 307.58 • 31 - 0 
11978 45 2106 8.3 AO 13 20 34.530 261.35 -.67 44 

11982 52 1698 7.5 MO 13 20 53.246 248.39 -.79 51 
11986 46 1865 7.5 KO 13 21 11.247 258.68 -.68 46 
11987 51 1837 9.0 F8 13 21 12.948 250.74 -.76 50 
11990 19 2667 7.5 GO 13 21 19.105 291.02 -.13 19 
11991 - 4 3470 8.3 KO 13 21 20.466 311.30 • 43 - 4 

11992 - 1 2815 8.3 G5 13 21 4 0 .101 308.83 .35 - 1 
11994 35 2445 8.2 G5 13 21 54.55 0 274.66 -.46 34 
11999 5 2742 7.6 K5 13 22 10.700 303.50 .20 4 
12005 55 1602 8.3 A5 13 22 52.324 239.42 -.80 55 
12006 11 2563 8.3 KO 13 22 54.199 298.12 • 05 11 

12007 66 807 8.2 KO 13 23 0.676 198.83 -.61 66 
12008 17 2626 8.5 G5 13 23 1.534 293.02 -.07 16 
12009 26 2460 8.4 F2 13 23 2.132 284.42 -.26 25 
12013 - 2 3684 7.3 KO 13 23 33.431 310.16 .39 - 3 
12028 84 310 8.9 K5 13 24 41.841 -131.41 23.89 83 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

14 
53 
30 
43 
14 

44 
36 

9 
39 

4 

3 
45 
13 
59 
29 

11 
39 

2 
26 
18 

0 
5 

33 
30 
18 

48 
42 
38 
30 
22 

45 
6 

46 
19 
58 

54 
23 
40 
21 
53 

50 
56 
39 

9 
0 

25 
48 
48 
24 
43 

Precession 
1950 1st 2nd 

Term Term 

16.52 -1921.0 6.5 
30.59 -1920.l 6.6 
35.59 -1919.9 6.4 

7.40 -1919.6 5.9 
45.69 -1919.0 6.8 

37.60 -1918.3 6.7 
15.60 -1917.4 6.7 
10.87 -1916.3 7.0 
8.15 -1914.0 6.6 

51.90 -1913.7 6.7 

28.56 -1913.6 6.3 
9.29 -1913.5 6.5 
3.62 -1913.3 6.1 

44.89 -1913.3 6.9 
a.52 -1912.6 6.9 

31.65 -1912.5 5.8 
30.14 -1910.5 1.0 
17.84 -1907.4 7.1 
41.15 -1905.6 6.4 
52.90 -1904.5 7.0 

44.83 -1904.4 5.7 
47.11 -1902.4 6.3 
49.41 -1900.6 1.2 

4.58 -1900.5 6.2 
28.0l -1899.1 1.0 

22.08 -1894.0 7.7 
3.77 -1893.5 1.0 
8.28 -1890.7 7.0 

25.24 -1889.2 7.7 
3.58 -1887.5 5.5 

32.55 -1887.1 7.5 
56.57 -1886.l 7.9 
59.56 -1885.4 7.3 

2.73 -1883.6 8.1 
33.60 -1881.7 1.0 

5 0 .55 -1880.7 6.7 
o.57 -1879.8 6.9 

15.20 -1879.7 6.7 
6.94 -1879.4 7.8 

17.06 -1879.3 8.3 

48.64 -1878.3 8.3 
38.63 -1877.6 7.4 
43.46 -1876.8 8.2 
26.81 -1874.6 6.6 
56.94 -1874.6 8.1 

29.53 -1874.2 5.5 
42.02 -1874.2 a.a 
30.07 -1874.1 7.7 

5.13 -1872.5 8.5 
21.89 -1869.0 -3.1 
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No. Epoch 
Obs. 1900+ 

2 57.33 
2 57.35 
2 56.26 
2 56.81 
2 57.34 

2 58.28 
2 58. 72 
2 57.36 
2 57.34 
2 57.36 

2 57.81 
2 57.87 
2 58.35 
2 57.36 
4 58.86 

2 57.33 
2 57.27 
2 56.72 
2 56.33 
2 56.88 

2 56.89 
2 57.26 
2 56.78 
2 56.87 
2 56.81 

2 56.87 
2 57.25 
2 56.90 
2 57.31 
2 56.82 

2 57.27 
2 57.34 
2 57.26 
2 56.90 
2 56.87 

2 56.80 
2 57.40 
3 57.35 
2 58.25 
2 57.34 

2 57.82 
2 57.42 
2 57.80 
4 58.07 
2 57.77 

2 58.34 
2 57.74 
2 56.79 
3 57.36 
3 57.99 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

12044 27 2255 8 . 2 F5 13 25 34 . 099 282 . 39 -. 28 27 
12056 - 3 3476 8 . 3 A3 13 26 6 . 595 310 . 93 . 42 - 4 
12061 34 2426 8 . 2 KO 13 26 18 . 684 274 .27 -. 41 33 
12066 20 2837 8 . 3 F5 13 26 30 . 025 289 . 36 -. 13 20 
12075 2 2685 8 . 6 GO 13 27 0 . 309 305 . 63 . 27 1 

12077 53 1624 7.4 KO 13 27 17 . 842 240 . 35 -. 72 53 
12079 67 786 8 . 2 G5 13 27 29 . 005 188.33 -.41 67 
12083 50 2006 8 . 3 KO 13 27 34 . 265 247 . 0l -.69 50 
12091 61 1359 7 . 9 G5 13 28 9 .74 3 218 . 30 -.69 60 
12097 75 507 8 . 0 KO 13 28 40 . 676 117 . 32 1 . 59 75 

12098 22 2589 8 . 8 KO 13 28 46 . 769 287 . 35 -.15 21 
12104 17 2641 8 .7 F5 13 29 24 .7 31 291 . 41 -. 06 17 
12107 27 2264 7 . 9 K5 13 29 28 . 839 281 .57 -. 25 26 
12109 10 2556 8 .4 K2 13 29 42 . 021 297 . 97 . 09 10 
12114 40 2663 8 . 3 FO 13 30 18 . 715 264 . 97 -. 49 39 

12119 65 943 8 . 5 G5 13 30 39 . 658 198 . 26 -. 50 64 
12120 57 1446 8 . 8 KO 13 30 53 . 238 228 . 63 -. 68 56 
12121 1 2826 8 . 2 K5 13 30 56 . 362 306 .2 0 . 30 1 
12128 3 2792 8 . 8 K5 13 31 17 . 545 304 .26 . 25 3 
12129 17 2645 8 . 2 KO 13 31 23 .864 291 . 93 -. 04 16 

12137 19 2688 8 . 2 FO 13 31 47 . 242 289 .72 -. 08 18 
12140 14 2636 7 . 2 KO 13 31 53 . 736 293 . 97 • 01 14 
12141 73 595 8 . 4 KO 13 31 57 . 049 133 . 30 . 97 73 
12145 47 2069 8 . 6 KO 13 32 19 . 009 251 . 82 -. 59 46 
12161 35 2466 8 . 0 KO 13 33 13 . 473 269.99 -.40 35 

12165 0 3079 8 . 7 K5 13 33 25.530 307 . 63 . 34 - 0 
12168 24 2604 7 . 9 G5 13 33 44.366 283 .46 -.1 8 24 
12170 20 2848 8 . 4 K5 13 33 56 . 547 287 . 69 -.11 20 
12186 60 1476 7.9 K2 13 35 2 . 465 214.24 -.58 59 
12191 34 2435 7 . 3 K2 13 35 22 . 949 27-0 . 90 -.36 33 

12194 42 2424 7 . 7 MO 13 35 29 .781 257 . 85 -.5 0 42 
12197 44 2289 9 . 0 G5 13 35 43.795 255 . 67 -.52 43 
12202 51 1858 7 . 8 G5 13 36 4.048 239 . 66 -.6 0 51 
12203 10 2573 8 . 1 KO 13 36 14 .448 297 .49 • 11 10 
12204 - 1 2847 8 . 0 K5 13 36 19 . 543 309 .5 0 . 39 - 2 

12205 55 1624 8 . 6 K5 13 36 23 .866 228 . 48 -.61 55 
12208 39 2665 8 . 7 KO 13 36 31 . 858 263 . 66 -.43 38 
12218 58 1459 8 . 7 KO 13 37 11 . 829 218.37 -.57 58 
12221 78 464 8 . 0 F5 13 37 33 . 163 44.50 5 . 00 78 
12222 26 2481 7 . 8 G5 13 37 40 . 402 280 .17 -.21 26 

12223 - 4 3533 8 . 0 F5 13 37 49 . 006 312 .16 • 46 - 4 
12224 29 2446 8 . 7 KO 13 37 57 . 904 276 . 27 - . 26 29 
12227 62 1308 8 . 9 FO 13 38 12.603 201 .72 - .44 62 
12229 45 2124 8 . 0 KO 13 38 14.785 251 . 32 -.52 45 
12232 40 2677 8 . 8 KO 13 38 21 . 052 260 . 27 -.45 4 0 

12235 9 2796 8.6 A2 13 38 28 . 093 298 . 18 . 13 9 
12237 16 2539 8 . 2 KO 13 38 44.617 291 . 13 - . 01 16 
12239 70 753 8 . 5 G5 13 39 6 . 575 152 . 53 .40 70 
12247 64 961 8 . 4 F5 13 39 31 . 130 191.47 -. 32 64 
12248 2 2710 8 . 4 KO 13 39 36 . 089 304 . 93 . 28 2 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

Tin centuries from 1900. 0, T' in centuries from epoch. 

6 
12 
55 

2 
57 

26 
17 
26 
36 

8 

35 
23 
51 
24 
32 

43 
44 
14 
23 
31 

40 
22 
18 
39 
13 

19 
11 
14 
57 
59 

27 
37 
12 
14 
16 

19 
38 
16 

8 
10 

59 
16 
16 
14 
14 

20 
10 

6 
7 

26 

1950 

0 . 94 
26 . 22 
32 . 87 
54 . 59 
58 . 46 

6 . 98 
59 . 62 
38 . 34 
40 . 44 
17 . 60 

25 . 54 
17 .43 
28 . 38 
15.91 
52 . 62 

46 . 01 
33 . 36 
40.83 
16 . 94 
45 . 26 

16 . 81 
0 . 67 

31 . 35 
47 .6 0 
58 . 67 

20 . 97 
20 .71 
43 . 70 
24 . 05 
31 . 43 

18.10 
14.70 
49.52 

3 .7 8 
39 .1 0 

2 . 69 
o. oo 

50 . 33 
39 . 02 
45.38 

34 . 42 
4 9 . 93 

3 . 72 
24 . 06 
33 . 47 

3 . 53 
52 . 38 
43 . 58 

5 . 44 
28 .49 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

- 1866 . 2 7 . 9 2 57 . 33 
- 1864 . 4 8 . 7 2 58 . 34 
- 1863 . 8 7 . 7 2 57 . 32 
- 1863 . 2 8 . 2 2 57 . 36 
- 1861 . 6 8 . 7 4 58 . 55 

-1 860 . 6 6 . 9 2 58 . 73 
-1 860 . 0 5.5 2 57.90 
- 1859 . 7 7.1 2 57 . 82 
- 1857 . 8 6.4 3 58 . 66 
- 1856 .1 3 . 6 2 57.79 

-1855.8 8.3 2 57.40 
-1 853 . 7 8 . 5 2 58. 77 
-1 853 .4 8 . 2 2 56 . 87 
-18 52 .7 8 .7 2 57 . 79 
-1 850 . 6 7.8 4 58.51 

-1 849 . 5 6.0 2 56 . 91 
-1 848 .7 6.8 2 57 . 33 
-1 848 . 5 9.0 2 57.81 
- 1847 . 3 9 . 0 2 57.33 
- 1847 . 0 8 . 7 3 57 .31 

-1845 .7 8 . 6 2 57.36 
-1 845 . 3 8 . 8 4 59.28 
-1 845 .1 4.2 2 57 .3 2 
-1 843 . 8 7 . 6 2 57.40 
-1 840 . 7 8 . 2 2 57 . 73 

-1 840 . 0 9 . 3 5 58.93 
-1 838 . 9 8 . 6 2 56 . 91 
-1 838 . 2 8.7 2 57.36 
-1 834 .4 6 .7 2 56.90 
-1 833 .1 8 .4 2 57.34 

-1 832 . 8 8 . 0 2 56 . 87 
- 1831 . 9 7 . 9 2 57 . 34 
-1 830 . 7 7.5 2 56.91 
-1 830 .1 9 . 2 2 56 . 88 
-1 829 . 8 9 .6 2 58.71 

- 1829 . 6 7 . 2 2 57.78 
-1 829 .1 8.2 2 57 . 36 
-1 826 . 7 6 . 9 2 58 . 25 
- 1825 .4 1.7 2 57 . 26 
-1 825 . 0 8 . 8 2 56 .41 

- 1824 . 5 9 . 8 2 57 . 81 
- 1823 . 9 8 . 7 2 57 . 36 
-1 823 . 0 6 . 5 2 57.91 
-1 822 . 9 8 . 0 2 56 . 87 
- 1822 . 5 8 . 3 2 57 . 80 

- 1822 .1 9 .4 2 57 . 28 
-1821.l 9 . 2 2 57.8 8 
- 1819 . 7 5 . 0 2 57 . 88 
-1818.3 6 . 3 3 58 . 67 
-1817.9 9 . 7 2 56 . 87 
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Precession 
No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

12257 15 2609 7.7 K2 13 40 6.728 291 .76 . 01 15 
12263 - 0 2727 7.8 KO 13 40 23 .48 2 308 .27 . 36 - 0 
12275 36 2406 8 .1 G5 13 41 25 .513 265 .81 -.36 35 
12281 80 421 1.0 K5 13 41 54.954 -34.51 10.23 80 
12287 56 1682 7.5 K2 13 42 15.052 222 .22 -.52 55 

12289 60 1486 7.5 KO 13 42 27 .889 208.83 - .45 59 
12299 41 2422 8.7 KO 13 43 6.560 257.40 -.43 40 
12301 16 2551 8.1 KO 13 43 14.084 290.42 o.oo 16 
12302 35 2480 7.3 G5 13 43 20 .754 266 .71 -.33 34 
12304 43 2350 8.7 KO 13 43 31.996 252.49 -.45 43 

12310 1 2847 8.8 KO 13 43 54.186 306.62 .33 0 
12319 52 1739 8.6 F8 13 44 30.893 231.34 -.51 52 
12321 11 2601 8.8 K5 13 44 53.832 295.65 .11 11 
12323 48 2152 7.8 MO 13 45 10.240 241.64 -.49 47 
12326 4 2783 8.5 G5 13 45 23.257 303.08 .26 4 

12343 2 2727 8.7 KO 13 46 1.622 305.37 .31 1 
12344 24 2641 8.0 KO 13 46 3.981 281.14 -.13 23 
12360 63 1094 7.9 K2 13 47 10.693 188.62 -.22 63 
12364 74 554 8.9 G5 13 47 26.298 94.48 2.21 74 
12372 3 2819 8.7 K5 13 47 53.987 304.40 • 29 2 

12377 55 1637 8.6 F8 13 48 11.211 220.18 -.45 55 
12378 85 234 7.7 G8 13 48 17.830 -356.01 48.60 84 
12383 36 2414 8.5 KO 13 48 40.008 262.74 -.32 36 
12384 46 1906 8.6 G5 13 48 50. 712 244.56 -.44 45 
12397 6 2802 8.6 A3 13 49 38 .9 67 300.59 • 22 6 

12403 51 1874 7.9 F2 13 50 2.257 230.03 -.45 51 
12404 1 2857 7.8 KO 13 50 5.083 306 . 17 . 33 1 
12405 17 2676 6.5 K5 13 50 8.384 288 .47 . 01 16 
12413 9 2820 8.7 K5 13 50 57.421 297.06 • 16 9 
12422 58 1474 8 .6 KO 13 51 32 .5 23 206.69 -. 35 58 

12428 64 970 8.0 G5 13 52 4.375 175.78 -.01 64 
12435 16 2577 8.0 KO 13 52 19.248 289 . 86 . 04 15 
12437 8 2786 8.2 K5 13 52 19.939 298 . 58 . 19 7 
12442 - 3 3549 8.4 K5 13 52 48.973 311.88 • 46 - 4 
12446 20 2897 8.2 K2 13 52 59 . 303 284 . 77 -. 03 19 

12450 50 2034 8 .9 GO 13 53 27.443 230 . 90 -.41 50 
12452 61 1387 8.6 G5 13 53 29 . 022 193. 77 -.22 60 
12453 14 2681 8.4 K5 13 53 32 . 877 291 .5 0 . 01 13 
12464 32 2412 8 .0 FO 13 54 6 . 851 267.26 -.24 32 
12468 70 762 7.5 KO 13 54 22 . 338 129 .91 • 97 70 

12469 76 504 8 .7 KO 13 54 23 . 781 40.75 4.44 76 
12477 44 2312 7.4 GO 13 54 53 . 024 244 .17 -.37 44 
12483 38 2494 8.7 G5 13 55 4.801 257 . 06 -.31 38 
12499 3 2836 7.8 KO 13 55 35 . 242 303.92 • 30 3 
12500 33 2390 7.3 KO 13 55 44.144 265.60 -.24 32 

12506 47 2108 6.8 MO 13 56 46.803 237.83 -.37 46 
12523 42 2455 7.6 KO 13 57 37 . 678 247 .65 -. 34 42 
12525 56 1700 8.7 F8 13 57 51.529 209.67 -.31 56 
12526 35 2516 8 . 3 K2 13 58 2.794 261.89 -. 25 34 
12527 - 1 2888 8 .4 A5 13 58 5.743 309.44 .41 - 1 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

23 
57 
57 
27 
53 

36 
40 
12 
53 
13 

41 
14 
11 
58 

5 

52 
41 

5 
9 

45 

7 
45 

9 
46 
14 

23 
4 

58 
22 

9 

29 
31 
55 

7 
37 

17 
47 
59 

7 
10 

3Q 
31 

0 
1 

50 

50 
17 

3 
36 
50 

Precession 
1950 1st 2nd 

Term Term 

56.03 -1816.0 9 .4 
24.65 -1815.0 9.9 
57.66 -1811.2 8.7 
17. 95 -1809.3 -.7 
7.98 -1808.1 7.4 

31.01 -1807.3 7.0 
18.40 -1804.8 8.5 
32.21 -1804.3 9.6 
51.04 -1803.9 8.9 
49.84 -1803.2 8.4 

43.33 -1801.8 10.2 
41.90 -1799.4 7.8 
11.86 -1798.0 9.9 
41.57 -1796.9 8.2 
44.37 -1796.1 10.2 

55.75 -1793.6 10.3 
51.53 -1793.4 9.5 
46.33 -1789.1 6.6 
56.67 -1788.0 3.5 
36.74 -1786.2 10.4 

0.26 -1785.1 7.7 
42.48 -1784.6 -11.4 
37.20 -1783.l 9.1 
11. 75 -1782.4 8.5 
51.95 -1779.2 10.5 

41.55 -1777.6 8.1 
16.13 -1777.5 10.7 
32.02 -1777.2 10.1 
24 .2 3 -1773.9 10 . 5 
33.32 -1771.5 7.4 

26 . 39 -1769.3 6 . 4 
22 . 46 -1768.3 10 . 3 
15.93 -1768.3 10.6 
40.08 -1766.3 11. 1 
54.49 -1765.6 10.2 

8.44 -1763.6 8.4 
23 . 82 -1763.5 7.1 
38 .1 8 -1763.3 10.5 
32 . 41 -1760.9 9.7 
44.50 -1759.8 4 . 9 

30 . 21 -1759.7 1.8 
33 . 31 -1757.7 8.9 
39 . 68 -1756.8 9.4 
35.69 -1754.7 11.1 
37.13 -1754.1 9.7 

19.20 -1749.6 8.8 
28 .40 -1746.0 9 . 2 
34.65 -1745.0 7.9 
57.56 -1744.2 9.8 
29.05 -1744.0 11.5 

143 

No. Epoch 
Obs. 1900+ 

2 56.81 
2 57.87 
4 58.29 
2 57.34 
2 57.80 

2 57.82 
2 56.88 
2 57.87 
2 57.86 
2 57.35 

2 57.80 
2 58.86 
2 57.79 
2 57.87 
2 58.72 

2 58.42 
2 57.79 
2 58.36 
2 56.82 
2 56.82 

2 57.34 
2 57.34 
2 57.38 
2 58.26 
2 57.80 

2 57.88 
2 57.34 
2 58 .31 
2 57 . 34 
2 57 . 89 

3 58 . 59 
2 58 . 34 
2 57 . 80 
5 58.54 
2 57 . 26 

4 58.79 
2 58.85 
2 57.88 
2 57.72 
4 58.29 

2 58.25 
2 57.42 
2 57.81 
2 58.36 
2 57.26 

2 56.34 
2 57.39 
2 57.36 
2 57.80 
2 58.34 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

12532 6 2819 8 . 6 F8 13 58 44.406 300.12 . 24 6 
12533 31 2574 8 . 9 KO 13 58 48 . 762 267 . 66 -.1 9 30 
12540 29 2483 7.9 A2 13 59 4 . 008 271 . 08 -.16 28 
12547 50 2041 8.4 KO 13 59 23 . 264 227 . 00 -. 35 50 
12552 71 673 8 . 4 KO 13 59 52 . 041 111. 07 1 . 47 71 

12554 44 2319 7 . 4 G5 14 0 5 . 745 243 . 21 - . 34 43 
12559 - 1 2897 B. 3 KO 14 0 16 .7 10 309 . 82 . 42 - 2 
12560 18 2815 B. 6 KO 14 0 27 .664 285 . 25 . 02 18 
12563 14 2692 8 . 6 MO 14 0 43.697 290 .73 • 09 13 
12570 33 2402 7 . 6 K2 14 1 0 . 239 263.52 -.22 33 

12573 55 1650 7.8 G5 14 1 4 . 293 211 . 48 -.29 54 
12578 13 2742 6 . 9 KO 14 1 29 . 150 291 . 78 • 12 12 
12582 3 2847 8 . 0 KO 14 1 47 . 326 303 . 96 • 31 2 
12583 59 1553 8 . 5 KO 14 1 54 . 226 193 . 15 -.16 59 
12584 37 2490 8 . 5 KO 14 2 4.962 255 . 38 -.26 37 

12586 22 2659 8 .7 AO 14 2 10.119 280 . 41 -. 04 21 
12599 17 2699 s . 2 KO 14 2 52 . 178 286 . 55 . 04 16 
12603 2 2771 8 . 5 F2 14 3 33 .4 51 305 . 23 .34 1 
12608 - 3 3580 8 . 3 K2 14 3 48 . 074 312 . 04 .47 - 3 
12610 24 2685 8 .1 F5 14 3 59 . 637 277 . 22 -. 06 23 

12612 28 2292 8 . o F2 14 4 10 . 114 270 . 75 -.13 27 
12627 6 2839 8 . 8 AO 14 5 11 . 626 300 .26 . 26 5 
12630 0 3135 7.2 K5 14 5 16 . 353 307 . 11 . 38 0 
12636 16 2612 8 . 7 K5 14 5 29 . 852 286 . 99 • 06 16 
12650 52 1776 8 . 5 KO 14 6 38 .4 00 218 . 11 -. 28 51 

12651 32 2435 B. 6 K2 14 6 43.339 263 . 04 -.1 8 32 
12653 3 2859 6 . 7 KO 14 6 56 . 253 303 .61 . 32 3 
12658 82 411 8 . 8 M2 14 7 5 . 340 - 183 . 56 19 . 92 81 
12661 15 2670 8 . 3 KO 14 7 16 . 426 288 . 91 .1 0 14 
12672 - 4 3633 8 . 4 KO 14 7 54 . 337 313 . 79 .5 0 - 5 

12673 41 2471 6 . 8 K2 14 7 56 . 825 245 . 77 -.26 41 
12683 2 2782 7.9 G5 14 8 45.861 305 . 08 • 35 1 
12692 63 1120 8 . 0 F5 14 9 28 . 788 168 . 39 • 19 62 
12701 43 2392 s . o K5 14 10 9 . 359 241 .1 3 -.26 42 
12704 8 2827 7 . 8 KO 14 10 18 . 415 296 . 91 . 22 8 

12708 10 2649 B. 7 KO 14 10 25 . 465 294 . 52 • 18 10 
12713 17 2717 8 . 4 FB 14 10 56 . 793 285 . 60 . 07 16 
12715 51 1898 B. 4 GO 14 11 5 . 279 219 . 27 -.25 50 
12720 7 2760 7 . 6 KO 14 11 24 . 992 297 . 97 . 24 7 
12732 - 4 3645 8 . 3 KO 14 11 59 . 837 313 . 81 .5 1 - 5 

12752 45 2165 s . o K2 14 13 3 . 808 235 . 08 -.25 44 
12757 13 2771 8 . 2 G5 14 13 33 . 743 290 . 77 • 14 12 
12766 23 2671 8 . 7 GO 14 14 16 . 826 276 . 10 -. 02 22 
12772 38 2538 8 . 6 K2 14 14 32 . 603 249 . 54 -. 20 37 
12774 74 573 8 . 8 FB 14 14 37 . 261 56 . 29 3 .1 2 73 

12782 12 2677 7 . 8 KO 14 15 10 . 825 292 .1 2 • 1 7 11 
12787 14 2722 B. 4 K2 14 15 25 . 596 288 . 58 • 12 14 
12792 4 2847 7 . 0 KO 14 15 58 . 530 302.23 . 32 3 
12802 18 2861 7 . 6 KO 14 16 21 . 701 283 . 59 • 07 17 
12803 20 2957 B. 4 KO 14 16 28 . 901 279.92 . 03 20 

Posüion 1950 + T = Posüion 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

12 
55 
39 
22 
13 

47 
8 

13 
52 

3 

54 
57 
50 
18 
26 

37 
55 
45 
55 
37 

57 
48 
10 
17 
49 

15 
2 

50 
39 
13 

0 
48 
45 
38 
14 

4 
44 
36 
21 

5 

35 
41 
54 
58 
33 

33 
8 

54 
34 

5 

1950 

40 . 84 
40 . 17 

1 . 50 
47 . 39 

5 . 28 

57 . 94 
7 . 90 

40 . 29 
39 . 88 
13 . 16 

21 . 11 
57 . 07 
47. 69 
33 . 82 
11. 72 

37 . 16 
48 . 60 

7 . 74 
32. 88 
35 . 50 

50 . 40 
44 . 00 
51.74 
46 . 77 
43.74 

18.64 
0 . 80 

37 . 39 
4. 46 

19.77 

48 . 72 
26 . 24 
24.67 
44.6 9 
32 . 28 

55.10 
16 . 11 

o . 33 
17 . 57 
39 .1 9 

25.47 
11 . 14 
23.37 
56.58 
54.20 

56.92 
4.25 

16 . 97 
58.69 

7.44 

Precession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

-1 741 . 2 11.2 2 57 . 80 
-174 0 . 9 10 . 0 2 57 . 74 
-17 39 . 8 10 . 2 2 57 . 32 
- 1738 . 4 8 . 6 2 57 . 34 
-17 36 . 3 4 . 4 2 57 . 37 

-17 35 . 3 9 . 2 2 57 . 42 
- 1734 . 5 11 . 7 2 56 . 90 
-1733. 8 10 . 8 2 57 . 26 
-1732.5 11 . 0 2 57 . 77 
-173 1 . 3 10 . 0 2 57 . 39 

-17 31 . 0 8 . 1 2 57 . 36 
-1729. 2 11 . 1 2 56 . 82 
- 1 727. 9 11 . 6 2 57 . 34 
-1727 . 4 7 . 5 2 57 . 78 
-172 6 . 6 9 . 8 2 57 . 42 

-172 6 . 2 10 . 8 2 56 . 82 
- 1723 . 1 11 . 0 2 58 . 74 
-172 0 . 0 11 . 8 2 56 . 82 
-171 8 . 9 12.1 2 57 . 36 
-171 8 . 0 10 . 8 2 57 . 42 

-171 7 . 2 10 . 5 2 56 . 90 
-1712. 6 11 . 7 2 57 . 28 
-171 2 . 2 12 . 0 2 56 . 82 
-1711.2 11 . 3 2 57 . 79 
- 1706 . 0 8 . 7 2 56 . 90 

-17 05 . 6 10 . 4 2 56 . 82 
- 1704 . 6 12 . 0 2 57 . 26 
-17 03 . 9 - 6 . 7 4 59 . 33 
-17 03 . 1 11.5 2 57 . 34 
-17 00 .1 12 . 5 2 56 . 82 

-17 00 . 0 9 . 9 2 57 . 80 
-1 696 . 2 12 . 2 2 56 . 90 
-1692.8 6 . 9 2 58 . 36 
-168 9 . 6 9 . 8 2 57 . 80 
-1 688 . 9 12. 0 2 57 . 33 

-1 688 .4 11.9 2 57 . 40 
-1 685 .9 11.6 2 57 .41 
-168 5 .2 9 . 0 4 59 . 33 
-1 683 . 7 12 . 1 2 57 . 35 
-16 80 . 9 12 . 8 2 57.34 

-1 675 . 8 9 . 8 2 57 . 87 
-16 73 . 4 12 . 0 2 56 . 88 
-1 670 . 0 11 . 5 2 57 . 34 
- 1668 . 7 10 . 4 2 57 . 26 
-1 668 . 3 2 . 6 2 56 . 80 

-1 665 . 6 12.2 2 57 . 87 
-16 64 . 4 12 . 1 2 57 . 42 
-1 661 .7 12.7 2 58.34 
-1659 . 8 11 . 9 2 57 . 36 
-16 59 . 2 11 . 8 2 57 . 79 
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P rece ssion Precession 
No. B.D . No. M + Sp. R.A. 1950 1st 2nd Decl. 1950 1st 2nd 

No. Epoch 

Term Te rm Term Term 
Obs. 1900+ 

12809 0 3162 a . o K2 14 16 53 . 340 307 . 04 . 39 0 12 57 . 01 - 1657 . 2 12 . 9 2 56 . 34 
12810 54 1661 7 . 7 K5 14 16 56 . 110 203 . 22 -. 13 54 10 12 . 23 - 1657 . 0 8 . 7 2 57 . 34 
12815 15 2695 B. é KO 14 17 2 . 759 286 . 94 . 11 15 9 53 . 34 -1656 . 5 12 . 1 2 57 . 87 
12817 79 443 8 . 3 K2 14 17 14 . 454 -101 . 72 11 . 62 79 34 1 . 25 -1655 . 5 -3 . 8 2 58 . 35 
12821 84 322 8 . 3 K 14 17 46 . 453 - 433 . 48 46 . 68 84 10 30 . 29 - 1652 . 9 -17 . 5 2 57 . 82 

1282 7 25 2759 8 . 9 F8 14 18 15 . 194 272 . 02 - . 04 24 58 24 . 81 -1650 . 5 11.6 2 57 . 79 
12830 76 520 7 . 9 KO 14 18 32 . 932 5 . 02 5 . 19 75 53 52 . 49 - 1649 . 0 . 6 2 57 . 33 
12835 19 2796 6 . 8 K5 14 18 49 . 044 280 . 52 . 05 19 24 28 . 96 - 1647 . 7 12 . 0 2 56 . 86 
1284 4 34 2522 8 . 9 K5 14 19 46 . 434 256 . 09 -. 14 33 48 14 . 93 - 1642 . 9 11 . 0 2 58 . 69 
12847 7 2774 a . a F5 14 19 53 . 518 297 . 61 . 26 7 13 57 . 69 - 1642 . 3 12 . 8 2 56 . 1:JB 

12852 36 2478 8 . 0 GO 14 2J 7 . 85J 251 . 85 -. 16 35 52 32 . 12 - 1641 . 1 lJ . 9 2 57 . 81 
1285 7 18 2870 8 . 1 KO 14 20 27 . 908 282 . 83 . 08 17 40 49 . 06 - 1639 . 5 12 . 2 2 57 . 33 
128 6 1 24 2728 8 . 5 KO 14 20 42 . 695 272 . 52 -. 02 24 20 0 . 39 - 1638 . 2 11 . 8 2 57 . 90 
12864 46 1960 a . s K2 14 20 55 . 392 226 . 54 -. 19 46 20 34 . 74 - 1637 . 1 9 . 9 2 56 . 88 
128 7 1 64 997 7 . 3 K2 14 21 34 . 054 145 . 06 . 58 64 30 10 . 44 - 1633 . 9 6 . 5 2 56 . 33 

12872 44 2350 7 . 8 KO 14 21 37 . 189 233 . 39 -. 19 43 41 5 . 73 - 1633 . 6 10 . 2 2 58 . 36 
1287 5 50 2070 7 . 3 KO 14 21 48 . 394 216 . 16 -. 16 49 37 53 . 40 - 1632 . 7 -9 . 5 3 58 . 67 
12879 - 1 2951 7 . 3 MO 14 22 0 . 644 310 . 19 . 45 - 2 7 1 . 99 - 1631 . 6 13 . 5 2 57 . 38 
12888 6 2878 7 . 2 KO 14 22 33 . 522 299 . 36 . 29 5 50 27 . 25 - 1628 . 8 13 . 1 2 57 . 97 
12889 20 2975 8 . 4 KO 14 22 39 . 936 279 . 38 . os 19 44 7 . 45 - 1628 . 3 12 . 2 2 58 . 33 

12891 18 2877 8 . 6 K2 14 22 44 . 592 281.28 • 07 18 28 47 . 54 - 1627 . 9 12 . 3 2 56 . 79 
12894 77 54 1 a . a G5 14 23 10 . 254 - 28 . 21 6 . 63 76 53 22 . 74 - 1625 . 7 -. 9 2 57 . 82 
12908 83 415 8 . 8 K5 14 23 53 . 833 -328 . 92 31 . 30 82 58 3 . 95 - 1622 . 0 - 13 . 7 2 5 7 . 82 
1291 4 28 2325 8 . 3 F8 14 24 21 . 996 265 . 70 -. 05 27 52 9 . 43 - 1619 . 6 11 . a 2 56 . 86 
12919 53 1711 a . s KO 14 24 51 . 008 203 . 14 -. 09 52 50 58 . 01 - 1617 . 1 9 . 1 2 56 . 82 

12920 48 2202 8 . 3 KO 14 25 0 . 100 218 . 86 -. 15 48 13 59 . 78 - 1616 . 3 9 . 8 2 57 . 87 
12923 1 5 2714 7 . 2 KO 14 25 7 . 062 286 . 17 . 13 14 58 40 . 42 - 1615 . 8 L~ . 7 2 56 . 89 
12924 35 2561 8 . 5 F5 14 25 7 . 407 252 . 07 -. 12 34 56 44 . 92 - 1615 . 7 11 . 2 2 57 . 79 
1292 5 51 1921 8 . 4 G5 14 25 11 . 136 210 . 92 -. 12 50 38 3 . 56 - 1615 - 4 9 . 4 2 57 . 36 
12936 63 1132 7 . 8 K5 14 25 4v . 932 153 . 42 • 44 62 43 53 . 94 -1612 . 8 7 . 0 2 57 . 42 

12938 29 2538 7 . 8 G5 14 25 47 . 581 262 . 44 -. u7 29 29 13 . 11 - 1612 . 2 11 . 7 2 56 . 90 
12941 6 2891 7 . 5 MO 14 25 58 . 939 299 . 11 . 29 5 54 14 . 35 - 1611.2 13 . 3 2 58 . 33 
12943 38 2557 a . o G5 14 26 6 . 695 245 . 68 -. 14 37 46 46 . 23 - 1610 . 6 11 . 0 3 59 . 01 
12950 1 2939 8 . 6 KO 14 26 24 . 496 305 . 55 • 38 1 16 43 . 64 - 1609 . 0 13 . 6 2 58 . 34 
12958 11 2684 7 . 9 KO 14 26 36 . 976 291 . 44 . 19 11 15 55 . 69 - 1607 . 9 13 . 0 2 58 . 81 

12961 40 2785 7 . 5 KO 14 26 54 . 947 240 . 66 -. 14 39 50 27 . 41 - 1606 . 4 lU . 8 2 57.88 
12968 20 2981 8 . 7 K5 14 27 34 . 543 278 . 44 . 06 19 48 27 . 16 - 1602 . 9 12.5 2 57 . 79 
12971 - 2 3855 8 . 1 KO 14 28 6 . 520 311 . 38 • 47 - 2 53 17 . 89 - 1600 . 2 14 . 0 2 56 . 34 
12973 25 2786 s . o G5 14 28 13 . 688 269 . 25 -. 01 25 18 39 . 84 - 1599 . 5 12 . 2 2 56 . 90 
12974 69 751 s . 1 K5 14 28 18 . 388 91 . 86 1 . 73 69 30 3 . 95 -1599 . 0 4 . 4 2 57.4,: 

12975 56 1742 8 . 7 A2 14 28 27 . 132 186 . 28 . 05 56 20 7 . 53 -1598 . 3 8 . 5 2 57 . 35 
12979 43 2414 8 . 5 G5 14 28 45 . 115 232 . 63 - . 15 42 45 50 . 17 -1596 . 7 10.6 2 58 . 39 
12984 46 1966 7 . 8 K5 14 29 22 . 552 223 . 93 -. 14 45 48 55 . 55 - 1593 . 4 10 . 2 2 5 7 • 86 
12985 72 645 a . s K5 14 29 23 . 367 50 . 55 2 . 98 72 28 48 . 44 -1593 . 3 2 . 6 2 57 . 87 
12988 - 1 2963 s . 2 G5 14 29 28 . 206 309 . 55 • 44 - 1 34 8 . 14 -1592 . 9 14 . 0 2 57.97 

12991 31 2627 8 . 5 K2 14 29 39 . 892 257 . 50 -. 07 31 32 28 . 49 -1591 . 9 11.7 2 57.87 
12993 22 2714 8 . 4 G5 14 29 45 . 180 274 . 0l . 04 22 17 58 . 99 - 1591 , 4 12 , 5 2 57,80 

13000 33 2471 8 . 9 AO 14 30 15 . 276 253 . 59 -, û9 33 24 48 , 83 -1588.7 11,6 2 58. 7 2 
13007 41 2510 8 . 3 MO 14 30 57 , 966 236 . 08 -, 13 41 3 32.34 -1584.9 10,9 2 57 . 34 

13016 2 2836 8 . 5 KO 14 31 46 , 420 304 . 61 • 37 1 53 48 . 49 -1580 . 6 14.0 2 57 , 79 

Posüi on L950 + T = Posilion 1950 + T (1st term.) + T 2 (2nd term) + T' (P. M.)-

Tin centuries from 1900. 0 , T' in centuries from e poch . 
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P recession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

13018 8 2883 8 . 3 K5 14 31 52 . 891 296 . 13 . 26 7 
13019 22 2718 9 . 2 KZ 14 31 57 . 229 274.72 . 05 21 
13020 39 2778 8.4 K5 14 31 57 . 993 240 . 35 -. 12 39 
13022 75 539 7 . 9 MO 14 32 5 . 811 -Hl . 87 5 . 35 75 
13024 - 0 2845 8.7 F8 14 32 13 . 406 309 . 04 . 43 - 1 

13026 6 2912 8.7 KO 14 32 20 . 233 298 . 17 . 29 6 
13036 19 2824 8.o GO 14 32 56 . 613 278 . 15 . 08 19 
13Q43 41 2513 8.9 KO 14 33 16 . 551 233 . 88 - . 12 41 
13045 0 3207 7 . 8 G5 14 33 25 . 649 306 . 70 . 40 0 
13047 35 2581 8 . 8 KZ 14 33 27 . 280 249 . 47 - . 09 34 

13053 27 2396 8 . 9 KO 14 33 51 . 533 265 . 66 - . 01 26 
13058 48 2220 8 . 8 KO 14 34 16 . 132 215 . 11 - . 09 47 
13059 24 2745 7 . 5 K5 14 34 16 . 975 270 . 52 . 03 23 
13067 15 2732 8 . 6 KO 14 34 40 . 285 285 . 07 . 15 14 
13069 50 2098 7 . 4 K5 14 34 44 . 347 208 . 70 - . 06 49 

13070 28 2349 8 . 5 A3 14 34 45 . 635 262 . 82 -. oz 28 
13079 55 1699 7 . 5 KO 14 35 20 . 556 187 . 34 • 07 55 
13093 30 2541 7 . 8 KO 14 36 31 . 081 258 . 19 -. 04 30 
13095 69 761 8 . 2 KO 14 36 46 . 499 91 . 15 1 . 67 68 
13102 22 2727 8 . 6 AO 14 37 30 . 825 272 . 39 • 05 22 

13104 10 2720 8 . 4 F8 14 37 43 . 667 292 . 22 . 23 10 
13107 38 2578 7 . 6 K2 14 37 59 . 485 240 . 15 - . 09 38 
13108 9 2928 7 . 5 KO 14 38 11 . 401 293 . 56 . 25 9 
13115 12 2725 8 . 2 G5 14 38 42 . 824 288 . 69 . zo 12 
13118 67 847 8 . 8 F2 14 38 45 . 337 102 . 24 1 . 38 67 

13122 0 3223 8 . 1 KO 14 38 53 . 032 306 . 85 . 41 0 
13124 - 0 2855 7 . 8 K5 14 39 1 . 175 309 . 08 • 44 - 1 
13130 70 799 8 . 6 KO 14 39 16 . 612 71 . 61 2 . 15 70 
13142 - 4 3736 8 . 2 KO 14 39 48 . 009 314 . 64 . 51 - 4 
13144 2 2854 8 . 1 G5 14 39 59 . 373 303 . 57 • 36 2 

13150 21 2677 8 . 3 KO 14 40 18 . 087 274 . 82 . 08 20 
13155 80 451 7 . 3 KO 14 40 22 . 461 -180 . 75 14 . 61 80 
13156 49 2319 8 . 8 G5 14 40 26.037 207 . 12 - . 03 49 
13172 23 2729 8 . 8 G5 14 41 51 . 784 270 . 50 . 05 23 
13176 66 867 8 . 4 KO 14 42 9 . 836 111 . 32 l . 16 66 

13177 51 1945 8 . 6 F8 14 42 11 . 979 200 . 72 . 01 50 
13180 4 2909 8.0 G5 14 42 24 . 539 301 . 71 . 34 3 
13184 32 2511 8 . o KO 14 42 40 . 361 252 . 19 -. 03 32 
13191 39 2797 8 . 9 F8 14 43 2 . 592 236 . 12 -. ù6 39 
13192 34 2559 7 . 6 MO 14 43 8 . 359 247 . 15 -. 05 34 

13194 61 1456 7 . 8 KO 14 43 11 . 071 149 . 95 . 50 60 
13197 56 1757 8 . 3 KO 14 43 19 . 612 179 . 34 • 1 7 55 
13200 17 2783 7 . 5 KZ 14 43 33 . 557 280.57 • 14 17 
13209 26 2598 8 . o K5 11~ 44 15 . 040 264 . 22 . 03 26 
13214 44 2391 8 . 4 F5 14 44 26 . 342 223 . 45 - . 05 43 

13230 48 2240 8 . 0 F8 14 45 39 . 147 208 . 76 -. 01 48 
13236 38 2591 8 . 5 KO 14 46 5 . 535 238 . 43 - . 05 37 
13242 53 1737 7.8 K2 14 46 40.331 190.16 . 09 52 
13246 21 2692 8.2 KO 14 46 52 . 347 273 . 89 . 09 20 
13250 2 2869 8 . 0 KO 14 47 5 . 991 304.67 • 38 1 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.)

T in centuries from 1900. 0, T' in centuries from epoch. 

45 
37 

9 
29 
11 

20 
25 
33 
26 
54 

37 
54 
50 
55 
44 

3 
4 

13 
39 
23 

5 
19 
11 
19 
24 

18 
10 

2 
52 
30 

42 
0 

20 
0 
6 

49 
41 
20 
13 
35 

58 
40 

0 
9 

40 

7 
52 
49 
36 
42 

1950 

27 . 91 
35 . 81 
29 . 23 
47 . 50 
38 . 96 

14 . 13 
58 . 28 
22 . 00 
13 . 20 
14 . 17 

32 . 91 
25 . 36 
17 . 86 
41 . 31 
33 . 81 

9 . 44 
16 . 87 
48 . 28 
52 . 51 
44 . 67 

44 . 28 
27 . 48 
31 . 03 
24 . 14 
34 . 77 

59 . 80 
30 . 69 
58 . 65 
22 . 31 
27 . 53 

12 . 87 
2 . 90 

10 . 80 
32 . 65 

5 . 75 

32 . 93 
41 . 08 
23 . 97 
21 . 71 

9 . 50 

55 . 70 
59 . 11 
26 . 98 
27 . 97 
28 . 50 

2 . 07 
39 . 70 
57 . 90 
28 . 81 
40 . 58 

Prece ssion 

1st 2nd 
No. Epoch 

Te rm Term Obs. 1900+ 

- 1580 . 0 13 . 6 2 57 . 79 
- 1579.6 12 . 7 2 56 . 34 
- 1579 . 5 11 . 1 2 57 . 87 
- 1578 . 9 -. 2 2 58 . 35 
-1578 . 2 14 . 2 2 57 . 40 

- 1577 . 6 13 . 7 2 58 . 77 
- 1574 . 3 12 . 9 2 57 . 86 
-1572 . 5 10 . 9 2 58 . 35 
- 1571 . 7 14 . 2 2 58 . 88 
- 1571.5 11 . 6 2 59 . 27 

- 1569 . 3 12 . 4 2 57 . 80 
-1567 . 1 10 . 1 4 58 . 59 
-1567 . 0 12 . 6 2 56 . 82 
- 1564 . 9 13 . 3 2 5tl . 39 
- 1564 . 5 9 . 8 4 58 . 07 

- 1564 . 4 12 . 3 2 5 7 . tl8 
- 1561 . 2 8 . 9 5 58 . 76 
- 1554 . 7 12 . 2 2 57 . 33 
- 1553 . 3 4 . 5 2 58 . 95 
- 1549 . 2 12 . 9 2 58 . 28 

- 1548 . 0 13 . 9 2 57 . 26 
- 1546 . 6 11 . 5 2 56 . 89 
- 1545 . 5 14 . 0 2 57 . 86 
- 1542 . 6 13 . 8 2 57 . 91 
- 1542 . 3 5 . 1 2 57 . 79 

- 1541 . 6 14 . 6 2 57 . 34 
- 1540 . 9 14 . 7 2 57 . 86 
-1539 . 4 3 . 7 2 58 . 35 
- 1536 . 5 15 . 1 2 57 . 89 
- 1535 . 4 14 . 5 2 58 . 87 

- 1533 . 7 13 . 2 2 58 . 41 
- 1533 . 2 - 8 . 2 2 57 . 88 
- 1532 . 9 10 . 1 2 57 . 86 
- 1524 . 8 13 . 1 2 57 . 33 
- 1523 . 1 5 . 6 2 57 . 87 

- 1522 . 9 9 . 8 2 56 . 89 
-1521 . 7 14 . 6 2 57 . 34 
- 1520 . 2 12 . 3 2 57 . 36 
-1518 . 1 11 . 6 2 58 . 72 
-1517 . 6 12 . 1 2 58 . 40 

- 1517 . 3 7 . 5 2 57 . 42 
- 1516 . 5 8 . 9 2 58 . 86 
- 1515 . 1 13 . 7 2 57 . 34 
- 1511.2 13 . 0 2 57 . 36 
-1510 . 1 11 . 0 2 57 . 33 

- 1503 . 1 10 . 4 2 56 . 85 
- 1500 . 6 11 . 8 2 56 . 89 
- 1497 . 2 9 . 5 2 56 . 42 
- 1496 . 0 13 . 6 2 57 . 86 
-1494 . 7 15 . 1 2 57 . 33 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D . No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Te rm 

1325 1 4 2924 7 . 7 KO 14 47 13 . 736 300 . 98 . 34 4 
13253 64 1031 8 . 2 GO 14 47 18 . 659 125 . 18 . 88 63 
13255 54 1708 6 . 9 KZ 14 4 7 35 . 559 182 . 52 . 15 54 
13256 50 2120 7 . 9 F8 14 47 3 7. 468 zoo . Bo . 04 5 0 
132 7 1 31 2668 8 . 5 KO 14 48 42 . 105 254 . 20 . oo 30 

13276 14 2796 8 . 1 G5 14 48 59 . 676 285 . 10 • 19 13 
13281 66 873 6 . 8 K5 14 49 28 . 488 106 . 49 1 . 22 65 
13295 44 2399 8 . 7 KO 14 50 25 . 827 218 . 66 -. oz 44 
13333 60 1572 6 . 8 KZ 14 52 51 . 118 150 . 65 • 48 59 
13335 7 2865 6 . 8 K5 14 52 54 . 626 296 . 12 • 3ù 6 

13337 1 3002 8 . 4 G5 14 53 0 . 019 305 . 84 . 40 0 
13338 28 238 1 8 . 9 K5 14 53 2 . 885 259 . 06 . 03 27 
1334 3 33 2510 7 . 3 KO 14 53 14 . 965 247 . 74 o . oo 33 
133 4 9 40 2827 7 . 3 KO 14 53 33 . 727 230 . 70 -. oz 39 
13350 87 143 6 . 9 KO 14 53 34 . 561 1731 . 71 296 . 53 87 

13358 - 4 3779 8 . 6 F5 14 54 6 . 242 315 . 27 . 51 - 4 
1 3360 17 2803 7 . 6 GO 14 54 1 0 . 592 278 . 65 • 16 17 
13363 4 2939 8 . 2 KO 14 54 23 . 017 300 . 56 . 34 4 
13365 48 2248 tl . 5 A5 14 54 27 . 651 203 . 95 . 04 48 
133 74 67 858 8 . 5 KO 14 55 19 . 222 91 . 23 1 . 48 66 

13375 57 1544 8 . 7 KZ 14 55 21 . 776 163 . 47 . 34 57 
13384 0 3286 8 . 4 KO 14 56 22 . 374 307 . 56 • 42 - 0 
13391 25 2856 7 . 5 G5 14 56 37 . 803 263 . 43 . 07 25 
13395 35 2634 8 . 9 G5 14 56 48 . 955 242 . 82 • 00 34 
134 00 20 3051 8 . 6 KZ 14 57 ll . 706 272 . 31 • 12 20 

13 4 02 30 2596 8 . 0 K5 14 57 26 . 060 253 . 25 . 03 30 
13407 8 2955 7 . 1 KZ 14 57 51 . 264 294 . 43 . 29 7 
1 3411 61 14 73 s . z KO 14 58 8 . 261 136 . 21 . 67 61 
134 18 2 2900 8 . 5 G5 14 58 39 . 442 303 , 96 . 38 2 
1 34 30 77 565 7 . 4 KO 14 59 32 . 076 - 92 . 34 7 . 68 76 

134 34 46 20 17 8 . 9 AZ 14 59 38 . 891 209 . 73 . 03 45 
1343 7 15 2808 7 . 9 FO 14 59 54 . 255 281 . 52 • 18 15 
1344 2 42 2559 7. 9 KO 15 0 15 . 700 221 . 41 • 02 42 
134 52 24 2814 8 . 9 KO 15 0 49 . 127 264 ■ 74 • 08 24 
13 4 54 5 2962 7. 8 F5 1 5 0 50 . 744 298 . 98 . 33 5 

134 56 18 2972 7 . 6 KO 15 0 54 . 814 276 . 19 . 15 18 
13463 48 2258 8 . 3 G5 15 1 19 . 879 202 . 06 . 07 47 
1347 1 11 2762 7 . 9 K5 15 1 39 . 305 288 . 95 . 24 1 0 
1347 3 84 339 s . z KO 15 1 42 . 653 - 633 . 76 53 . 71 84 
13 488 12 2785 7 . 9 K5 15 3 6 . 178 286 . 89 • 23 1 2 

13500 - 1 3020 8 . 4 KZ 15 4 24 . 849 310 . 87 • 46 - 2 
13508 0 3304 7 . 9 KO 15 4 51 . 128 3Q6 . 96 . 41 0 
13514 6 3000 7 . 8 KO 15 5 5 . 933 296 . 39 . 3 1 6 
13527 18 2977 8 . 9 F5 15 5 52 . 570 275 . 7 4 • 16 18 
13533 27 2457 7 . 7 KO 15 6 4 . 742 258 . 14 • 07 26 

13544 58 1552 7 . 2 MO 15 6 58 . 574 152 . 51 • 46 57 
13549 4 297 1 s . 1 KO 1 5 7 17 . 039 300 . 69 . 35 3 
13555 61 1484 7 . 6 KZ 15 7 52 . 070 131 . 23 • 72 60 
13560 27 2461 8 . 4 KO 15 8 14 . 592 256 . 16 • 07 27 
13562 70 826 s . o G5 15 8 18 . 215 33 . 52 2 . 70 70 

Position 1950 + T = Position 1950 + T (1st term) + T t (2nd term) + T' (P . M.) . 

Tin centuries from 1900. 0 , T' in centuries from epocb. 

4 
55 
26 

2 
38 

53 
51 
25 
43 
59 

56 
47 

1 
51 
25 

55 
18 
12 
16 
49 

14 
8 

14 
42 
34 

3 
50 
17 

3 
43 

58 
16 
14 
11 

1 

10 
55 
55 
13 

3 

6 
13 
27 

3 
54 

50 
53 
59 
36 
20 

Preces sion 
1950 1st 2nd 

Term Term 

39 . 81 - 1493 . 9 14 . 9 
55 . 95 - 1493 . 5 6 . 4 
17 . 33 - 1491 . 8 9 . 2 
38 . 65 - 1491 . 7 10 . 1 

5 . 11 - 1485 . 3 12 . 8 

52 . 19 - 1483 . 6 14 . 3 
3 . 74 -1480 . 8 5 . 5 

43 . 87 - 1475 . 1 11 . 1 
2 . 49 - 1460 . 7 7 . 8 

12 . 02 - 1460 . 4 15 . 1 

0 . 61 - 1459 . 8 15 . 6 
39 . 91 - 1459 . 5 13 . 2 
32 . 17 - 1458 . 3 12 . 7 
15 . 01 - 1456 . 5 11 . 9 
20 . 06 - 1456 . 4 - 86 . 4 

47 . 46 - 1453 . 2 16 . 1 
16 . 39 - 1452 . 8 14 . 3 

4 . 10 -1 45 1. 5 15 . 4 
46 . 23 - 1451 . 0 lù . 6 

8 . 92 -1 445 . 9 4 . 9 

4 1. 87 - 1445 . 6 8 . 6 
37 . 00 - 1439 . 5 15 . 9 
4 8 . 41 - 1437 . 9 13 . 7 

4 . 50 - 1436 . 8 12 . 6 
1 0 . 36 - 1434 . 5 14 . 2 

56 . 35 - 1433 . 0 13 . 2 
46 . 02 -1 430 . 5 15 . 4 
33 . 18 - 1428 , 7 7 . 3 

3 . 07 - 1425 . 5 15 . 9 
31 . 55 - 1420 . 1 -4 . 4 

19 . 94 - 1419 . 4 11 . 1 
51 . 66 -1 417 . 8 14 . 8 
53 . 67 - 1415 . 6 11 . 7 

4 . 41 -1412 . 2 14 . 0 
45 . 19 -1412 . 0 15 . 8 

14 . 31 - 1411 . 6 14 . 6 
33 . 91 - 1408 . 9 10 . 8 
45 . 68 - 1407 . 0 15 . 3 
28 . 75 - 1406 . 6 - 32 . 6 

1 . 07 - 1397 . 9 15 . 3 

20 . 92 -1 389 . 7 16 . 6 
14 . 60 - 1386 . 9 16 . 4 
38 . 60 -1385 . 3 15 . 9 
42 . 10 - 1380 . 4 14 . 9 

7 . 01 - 1379 , 1 13 . 9 

51 . 54 -1373 . 4 8 . 4 
51 . 61 - 1371 . 5 16 . 3 

8 . 97 -1367 . 7 7 . 3 
43 . 72 -1365 . 3 14 . 0 
10 . 30 - 1365 . 0 2 . 1 

147 

No. Epoch 
Obs. 1900+ 

2 57 . 87 
2 57 . 87 
2 58 . 72 
2 58 . 35 
2 57 . 87 

2 57 . 33 
2 56 . 9 0 
2 56 . 87 
2 56 . 90 
2 57 . 39 

2 57 . 77 
2 56 . 87 
4 59 . 11 
4 58 . 14 
2 58 . 41 

2 58 . 80 
2 57 . 96 
2 5 tl . 82 
2 59 . 88 
2 56 . 33 

2 5 6 . èl 7 
2 57 . 87 
2 56 . 89 
2 57 . 80 
2 57 . 79 

2 58 . 34 
2 58 . 86 
4 57 . 87 
2 56 . 40 
2 56 . 96 

2 57 . 87 
2 57 . 41 
2 57 . 78 
2 56 . 89 
2 56 . 96 

2 57 . 49 
2 57 . 84 
2 57 . 93 
2 5 tl • 91 
2 56 . 40 

2 56 . 94 
4 58 . 60 
4 59 . 11 
2 56 . 87 
2 57 . 86 

2 56 . 44 
2 56 . 33 
2 56 . 34 
2 57 . 34 
2 56 . 92 
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Precession 

No. B . D. No. M + Sp. R. A. 1950 1st 2nd Decl. 

Term T erm 

13565 45 2262 8 . 7 F8 15 8 27 . 611 2 09 . 22 • 08 45 
13567 7 2909 8 . 0 KO 15 8 33 . 069 294 . 41 . 30 7 
13582 5 5 1736 8 . 6 KO 15 9 27 . 724 163 . 71 . 35 55 
13589 0 3 318 7 . 5 K5 15 10 3 . 437 307 . 66 • 42 - 0 
13591 59 1632 7 . 2 K5 15 10 13 . 141 141.65 • 58 59 

13595 - 4 3832 8 . 0 A3 15 10 32 . 776 315 . 06 . 50 - 4 
13603 89 28 8 . 9 K3 15 10 50 . 513 5742 . 602361 . 80 89 
13607 53 1771 7 . 9 KO 15 10 5 8 . 16 8 175 . 54 . 26 53 
13609 5 2981 7 . 8 K2 15 11 2 . 725 298 . 27 . 33 5 
13610 49 2363 7 . 2 KO 15 11 6 . 495 194 . 43 .1 4 48 

13614 16 2752 8 . 7 KO 15 11 12 . 385 278 . 74 . 19 16 
13617 12 2809 8 . 8 K5 15 11 22 . 710 285 . 86 . 24 12 
13629 73 664 8 . 1 K5 15 12 10 . 136 - 18 . 85 4.17 73 
13641 34 2617 8 . 2 FO 15 13 1 . 343 240 . 85 • 05 33 
13646 76 557 8 . 0 MO 15 13 30 . 850 - 83 . 29 6 . 48 75 

13652 27 2469 8 . 5 K2 15 13 55 . 611 257 . 03 • 09 26 
13655 19 2945 7 . 7 F5 15 14 9 . 934 272 . 18 . 15 19 
13658 24 2838 8 . 1 K2 15 14 18 . 205 263 . 29 • 11 23 
13660 39 2858 8 . 5 G5 15 14 34 . 371 226 . 19 . os 38 
13661 14 2856 8 . 5 G5 15 14 34 . 690 281 . 56 . 2 1 14 

13665 29 2646 8 . 9 A2 15 14 52 . 635 252 . 43 . os 28 
13666 21 2751 8 . 5 KO 15 15 0 . 829 268 . 40 .1 4 2 1 
13667 25 2891 8 . 8 K2 15 15 1 . 093 259 . 65 . 10 25 
13669 - 0 2948 7 . 2 G5 15 15 5 . 964 308 . 73 . 43 - 0 
13671 4 2993 8 . 7 K5 15 15 12 . 14 2 300 . 37 . 35 3 

13684 7 2937 8 . 6 K2 15 16 34 . 115 294 . 62 . 3 1 7 
13687 52 1865 7 . 9 KO 15 16 38 . 229 178 . 88 . 24 51 
13688 15 2842 8 . 9 K2 15 16 4 1. 887 279 . 57 . 20 15 
13689 45 2277 7 . 8 KO 15 16 56 . 965 205 . 42 . 10 45 
13698 30 2643 8 . 7 KO 15 17 31. 147 249 . 37 • 08 29 

13700 60 1603 7 . 8 K5 15 17 40 . 408 133 . 65 • 66 59 
13709 61 1495 7 . 1 GO 15 18 18 . 882 119 . 55 . 85 61 
13711 0 3348 8 . 4 G5 15 18 33 . 051 307 . 42 • 41 - 0 
13718 23 2804 8 . 2 GO 15 19 7 . 815 263 . 26 • 13 23 
13719 68 828 8 . 5 KO 15 19 19 . 845 54 . 63 2 . 00 67 

13721 18 3008 8 . 2 KO 15 19 27 . 217 272 . 91 • 17 18 
13722 48 2284 8 . 9 K2 15 19 28 . 457 192 . 25 . 16 48 
13726 40 2874 8 . 6 KO 15 19 42 . 144 22 0 . 49 . 08 40 
13727 22 2824 8 . 4 KO 15 19 42 . 797 266 . 72 . 14 21 
13728 78 510 7 . 5 K2 15 19 47 . 638 - 198 . 75 1 1 .42 78 

13733 43 2491 8 . 7 K5 15 20 7 . 111 212 . 57 . 09 4 2 
13742 - 2 3985 8 . 8 KO 15 20 34 . 153 312 . 86 • 46 - 3 
13746 28 2425 7 . 3 KO 15 20 39 . 755 252 . 23 . 10 28 
13750 56 1798 7 . 3 K5 15 20 49 . 407 155.87 . 43 55 
13758 9 3031 7 . 5 K5 15 21 34 . 576 290 . 87 . 28 9 

13759 25 2908 8 . 2 F5 15 21 42 . 607 258 . 29 • 12 25 
13763 65 1052 8 . 7 GO 15 21 59 . 379 84 . 19 1.39 65 
1 3766 63 1194 7 . 3 KO 15 22 9 . 845 102 . 15 1 . 08 63 
13767 17 2859 8.6 KO 15 22 11 . 468 276 . 06 . 19 16 
13770 8 3 0 26 8 . 0 G5 15 22 29 . 753 292 . 87 . 29 7 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P . M. ) . 

T in centuries from 1900 . 0, T' in centuries from epoch. 

3 
30 
36 
11 
14 

28 
3 
6 

13 
45 

6 
13 

3 
4 1 
39 

4 1 
20 
43 
58 
24 

39 
10 
23 
48 
57 

10 
47 
20 
11 
44 

42 
33 

3 
21 
59 

37 
24 
20 
39 
34 

46 
5 

14 
52 

4 

27 
12 
18 
51 
58 

1950 

30 . 45 
46 . 10 
36 . 29 
40 . 40 
28 . 94 

45 . 08 
4 9 . 81 
58 . 80 
50 . 00 
59 . 70 

29 . 75 
35 . 15 
27 . 38 
48 .1 6 
23 . 36 

19 . 98 
33 . 05 
4 0 . 44 
24 . 47 
26 . 94 

59 . 19 
4 4 . 76 
18 .1 5 
1 0 . 05 
35 . 99 

9 . 39 
53 . 91 
54. 62 
53 . 25 
52 .7 8 

5 . 84 
18 . 28 

8 . 00 
33 . 87 
54 . 01 

2 . 90 
13 . 52 
32 . 43 
32 . 65 
26 . 48 

49 . 69 
25 . 29 

3 . 18 
4 . 73 

55 . 00 

41 . 76 
4 . 58 

23 . 42 
30 . 35 

1 . 23 

Precession 

1st 2nd 
No. Epoch 

Te rm Te rm Obs. 190o+ 

- 1363 . 9 11 . 5 2 56 . 96 
- 1363 . 4 16 . 0 2 57 . 43 
- 1357 . 5 9 . 1 4 57 . 65 
- 1353 . 7 16 . 8 2 56 . 40 
- 1352 . 6 7 . 9 2 56 . 88 

- 1350 . 5 17 . 3 2 56 . 87 
- 1348 . 8- 309 . 3 4 59 . 39 
- 1347 . 8 9 . 8 2 57 . 34 
- 1347 . 3 16 . 4 2 57 . 43 
- 1346 . 9 10 . 8 4 58 . 30 

- 1346 . 3 15 . 3 2 57 . 43 
- 1345 . 1 15 . 7 2 58 . 40 
-1 340 . 0 -. 7 2 58 . 42 
-1 334. 4 13 . 4 2 56 . 89 
-1 331 . 2 - 4 . 3 2 56 . 88 

-1 328 . 5 14 . 3 2 57 . 43 
- 1327 . 0 15 . 1 2 56 . 36 
-1 326 .l 14 . 7 2 58 . 36 
- 1324. 3 12 . 7 4 59 . 65 
- 1324 . 3 15. 7 2 58 . 95 

-1 322 . 3 14. 1 2 57 . 87 
- 132 1. 4 15 . 0 2 58 . 88 
- 1321 . 4 14 . 5 2 57 . 82 
- 1320 . 8 17 . 2 2 58 . 41 
-13 20 . 2 16 . 8 2 56 . 87 

- 13 11. 2 16 . 5 2 56 . 8 1 
-1 3 10 . 7 10 . 1 2 56 . 88 
-1 3 10 . 3 15 . 7 4 57 . 91 
- 1308 . 6 11 . 6 2 57 . 36 
- 1304 . 8 14 . 1 2 57 . 41 

- 1303 . 8 7 . 7 2 58 . 82 
- 1299 . 6 6 . 9 2 56 . 92 
-1298 . 0 17 . 3 2 58 . 33 
- 1294 . 1 14 . 9 2 56 . 87 
- 1292 . 8 3 . 3 2 56 . 91 

- 1292 . 0 15 . 5 2 58 . 34 
- 1291 . 8 11 . 0 2 56 . 89 
- 1290 . 3 12 . 6 2 58 . 48 
- 1290 . 2 15 . 1 2 57 . 34 
-1289 . 7 - 10 . 8 2 58 . 42 

- 1287 . 5 12 . 1 2 56 . 89 
- 1284 . 5 17 . 8 2 57 . 88 
-1 283 . 9 14 . 4 2 58 . 33 
-1282 . 8 9 . 0 2 57 . 86 
-1277 . 7 16 . 6 2 57 . 87 

-1276 . 8 14 . 8 2 5 8 . :;4 
- 1274 . 9 5 . 0 2 57 . 83 
-1273 . 8 6 . 0 2 59 . 39 
-1273 . 6 15 . 8 2 58 . 87 
- 1271 . 5 16 . 8 4 58 . 91 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Te rm Te rm 

13777 2 9 2663 8 . 6 KO 15 22 57 . 97 0 249 . 22 . 10 29 
1379 6 59 1655 8 . 7 K7 15 24 13 . 914 133 . 09 . 66 59 
1379 7 4 4 24 64 6 . 5 K5 15 24 16 . 290 205 . 27 • 12 44 
13799 - 3 3784 8 . 6 GO 15 24 26 . 033 313 . 48 • 4 7 - 3 
13803 - 1 3057 8 . 4 KO 1 5 24 42 . 971 310 . 34 . 44 - 1 

1380 7 1 3080 8 . 4 G5 1 5 24 51. 163 305 . 49 . 39 1 
138 11 37 26 44 8 . 9 MO 15 25 5 . 4 78 229 . 52 • 08 36 
138 12 - 0 29 71 8 . 5 A2 15 25 11.495 308 . 13 • 42 - 0 
138 16 73 6 7 8 8 . 7 KO 1 5 25 28 . 446 - 34 . 54 4 . 22 73 
13824 7 2968 8 . 8 A5 1 5 26 9 .7 22 294 . 31 . 31 7 

1382 7 3 3039 8 . 8 KO 15 26 1 5 . 754 300 . 70 . 35 3 
13832 2 2968 8 . 8 F8 1 5 27 4 . 996 303 . 79 • 38 1 
13835 16 2 790 7 . 4 KO 1 5 27 26 . 137 276 . 47 . 20 16 
138 4 3 19 2973 8 . 0 KO 1 5 2 7 54. 029 270 . 67 . 17 19 
138 4 4 33 2 594 8 . 3 GO 1 5 27 57 . 795 239 . 51 • 09 32 

138 52 - 3 3 793 8 . 5 KO 15 28 29 . 504 3 15 . 06 • 48 - 4 
138 5 3 46 20 74 7. 5 K2 15 28 3 1. 397 195 . 96 • 16 46 
138 65 14 2889 7 . 9 G5 15 29 19 . 241 280 . 11 • 22 14 
13868 4 9 2398 9 . 0 KO 15 29 41. 994 185 . 45 . 2 1 49 
138 74 40 289 6 7 .4 KO 15 29 54 . 604 218 . 89 • 11 39 

13879 10 287 1 8 . 2 K5 15 30 9 . 505 288 . 71 . 27 9 
13882 2 1 2 783 8 . 7 K2 15 30 24. 951 266 . 12 • 16 2 1 
1388 4 6 4 10 7 5 8 . 9 G5 1 5 30 30 . 954 86 . 54 1 . 28 64 
13891 13 2960 8 . 6 G5 15 30 56 . 416 282 . 26 . 23 13 
13896 69 801 8 . 0 K2 15 31 26 . 906 25 . 04 2 . 46 69 

13907 53 1790 7 . 9 K5 1 5 32 13 . 934 164 . 32 . 35 53 
13909 0 3375 7 . 8 KO 15 32 15 . 786 307 . 29 • 40 0 
139 1 0 18 30 4 0 8 . 4 K5 1 5 32 21 . 777 271 . 77 • 18 18 
13926 - 2 402 1 8 . 4 K2 15 33 36 . 742 311 . 73 • 44 - 2 
1392 7 35 2705 9 . 1 KO 15 33 42 . 465 231 . 49 . 10 35 

13928 50 2 195 7 . 2 K5 15 33 44 . 606 180 . 04 . 25 49 
13931 28 244 7 8 . 1 F8 15 33 55 . 347 248 . 84 . 12 28 
13933 45 230 7 8 . 3 K2 15 34 0 . 405 197 . 59 . 17 45 
13951 - 0 2990 8 .1 K2 1 5 34 54 . 404 308 . 68 • 41 - 0 
13967 79 470 8 . 4 GO 15 35 36 . 191 -267 . 50 13 . 37 79 

13968 7 2996 8 .4 FO 1 5 35 37 . 186 292 . 95 • 30 7 
139 7 5 6 3076 8 . 2 KO 15 36 12 . 092 295 . 19 • 31 6 
13983 63 1216 8 . 5 KO 15 36 35 . 328 94 . 96 1 . 10 62 
13984 39 2895 9 . 0 KO 15 36 40 . 528 218 . 41 • 12 39 
13987 9 3080 8 . 7 G5 15 37 9 . 778 289 . 83 . 28 9 

13989 33 2611 9 . 0 KO 15 37 2 0 . 300 236 . 63 . 11 33 
13994 52 1890 8 . 4 KO 15 37 27 . 876 169 . 66 . 31 51 
13995 57 1598 7 . 5 KO 15 37 34 . 299 135 . 60 . 6 0 57 
14004 34 2674 8 . 0 KO 15 38 21 . 027 232 . 71 • 11 34 
14011 19 3002 8 . 6 A2 15 39 5 . 267 269 . 08 • 18 19 

14012 41 2622 8 . 5 GO 15 39 8 . 761 212 . 08 . 14 41 
14014 65 1069 7 . 9 K2 15 39 12 . 447 75 . 06 1 . 39 64 
140 17 - 0 3001 8 . 0 KO 15 39 46 . 77 0 3 09 . 71 • 42 - 1 
14032 75 574 8 . 6 KO 15 40 31 . 46 0 -114 . 53 6 . 22 75 
14033 27 2528 8 . 6 G5 15 40 37 . 344 251 . 45 . 13 27 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M.). 

T in centuries from 1900. 0 , T' in c enturies from epoch. 

19 
11 
28 
23 
39 

0 
44 
26 

1 
5 

37 
55 
2 1 
11 
47 

11 
33 
25 

0 
50 

57 
13 
18 
15 
19 

14 
1 

24 
21 
14 

51 
34 
36 
43 
21 

35 
24 
58 
22 

9 

4 
43 
4 0 
25 
18 

6 
49 
15 
25 

0 

Preces sion 
1950 1st 2nd 

Term Term 

17 . 12 -1268 . 3 14 . 4 
10 . 24 -1259 . 7 7 . 8 
34 . 35 - 1259 . 5 11 . 9 
18 . 03 -1258 . 4 18 . 0 
24 . 13 - 1256 . 4 17 . 9 

41 . 35 - 1255 . 5 17 . 6 
17 . 09 - 1253 . 9 13 . 3 
29 . 94 - 1253 . 2 17 . 8 
17 . 06 - 1251 . 3 -1 . 7 
38 . 43 -1246 . 5 17 . 1 

13 .1 9 - 1245 . 9 17 . 4 
46 . 09 - 1240 . 2 17 . 7 
46 . 01 - 1237 . 8 16 . l 
57 . 71 - 1234 . 6 15 . 8 
20 .1 2 - 1234 . 2 14 . 0 

34 . 74 - 1230 . 6 18 . 4 
21 . 87 - 1230 . 3 11 . 5 
43 . 88 -1224 . 8 16 . 4 
46 . 00 - 1222 . 2 11 . 0 
48 . 99 - 1220 . 7 12 . 9 

18 . 82 - 12 19 . 0 17 . 0 
1 . 76 - 1217 . 2 15 . 7 

52 . 34 -1216 . 5 5 . 3 
50 . 27 -1 2 1 3 . 6 16 . 6 
35 . 59 - 1210 . 0 1 . 7 

52 . 81 - 1204 . 6 9 . 8 
10 . 48 -1204 . 4 18 . 2 
28 . 10 -1203 . 7 16 . 1 

7 . 26 -1194 . 9 18 . 5 
55 . 82 -1194 . 2 13 . 8 

49 . 06 - 1194 . 0 10.8 
25 . 83 - 1192 . 7 14 . 8 
45 . 44 -1192 . l 11 . 8 
17 . 20 -1185 . 8 18 . 4 
46 . 57 - 1180 . 9 -15 . 5 

6 . 74 -1180 . 8 17 . 5 
7 . 12 -1176 . 6 17.7 

48.14 -1173 . 9 5. 9 
43 . 32 -1173 . 3 13 . 2 
31 . 52 -1169 . 8 17 . 4 

25 . 63 -1168 . 6 14 . 3 
51 . 84 -1167 . 7 10 . 3 
55 . 72 -1166 . 9 8 . 3 
14 . 21 -1161 . 4 14 . 1 
33 . 07 -1156.l 16.3 

2 0 . 2 0 -1155 . 7 12.9 
18 . 42 -115 5 . 3 4.7 

2 . 31 -1151 . 2 18 . 7 
5 7 . 88 -1145 . 8 -6 . 6 

8.41 -1145 . 1 15 . 3 

149 

No. Epoch 
Obs. 1900+ 

2 57 . 42 
2 56 . 92 
2 57 . 8 7 
2 58 . 88 
2 57 . 94 

2 59 . 35 
2 56 . 89 
2 58 . 35 
2 57 . 80 
2 57 . 36 

2 58 . 94 
2 57 . 37 
2 56 . 88 
2 56 . 87 
2 57 . 93 

2 58 . 28 
3 59 . 03 
2 58 . 34 
2 57 . 37 
4 58 . 86 

2 56 . 96 
2 57 . 79 
2 58 . 42 
2 57 . 35 
2 57 . 87 

2 56 . 91 
2 57 . 93 
2 58 . 41 
2 56 . 82 
4 58 . 12 

2 56 . 82 
2 56 . 95 
2 57 . 87 
2 56 . 91 
2 57.93 

2 57 . 8 0 
2 57 . 40 
2 58 . 42 
2 58 . 34 
2 57 . 88 

2 57 . 90 
2 57 . 43 
2 58 . 46 
2 56.34 
2 57.33 

2 57.82 
2 57.42 
2 56 . tlcl 
2 57. 8 5 
2 57.4 0 



150 PUBLICATIONS OF THE DOMINION OBSE RVATORY 

Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Dec l. 

Term Term 

14041 2 2987 7.6 KO 15 41 15 . 057 302 . 34 • 36 2 
14044 55 1773 8 . 7 KO 15 41 22 . 842 152 . 13 . 44 54 

14047 13 2993 8 . 1 K5 15 41 33 . 718 281 . 99 • 24 12 
14049 - 2 4040 8 . 6 K2 15 41 44 . 225 312 . 82 . 44 - 2 
14052 48 2322 8.2 KO 15 41 51 . 139 185 . 40 • 22 47 

14068 67 915 8 . 7 KO 15 43 22 . 546 38 . 30 1 . 98 67 
14070 24 2919 8 . 9 K2 15 43 28 . 608 257 . 50 • 15 24 
14075 6 3096 7 . 6 K2 15 43 45 . 987 295 . 17 . 31 6 
14077 - 3 3824 8 . 1 K5 15 43 53 . 118 314 . 88 . 46 - 3 
14078 53 1807 7 . 9 KO 15 43 57.510 161 . 24 . 37 52 

14085 55 1775 7 . 4 K5 15 44 15 . 874 146 . 59 . 48 55 
14091 - 4 3975 8 . 2 G5 15 44 43 . 837 316 . 97 • 4 7 - 4 
14098 27 2538 8 . 0 K2 15 45 6 . 652 249 . 77 . 14 27 
14100 19 3018 7 . 9 K2 15 45 11 . 142 269 . 12 • 19 18 
14108 35 2731 9 . 3 KO 15 45 36 . 074 228 . 98 . 12 35 

14114 74 630 7 . 7 KO 15 46 8 . 316 - 81 . 13 4 . 86 73 
14127 10 2911 7 . 9 FO 15 46 56 . 457 287 . 16 . 27 10 
14128 7 3037 8 . 4 KO 15 47 2 . 739 292 . 34 . 30 7 
14130 25 2973 8 . 5 G5 15 47 26 . 12v 253 . 69 • 15 25 
14131 49 2428 8 . 9 G5 15 47 27 . 605 179 . 34 . 27 48 

14139 81 531 6 . 9 K2 15 47 54 . 8û4 - 406 . 92 19 . 47 81 
14141 21 2827 8 . 8 KO 15 48 15 . 913 263 . 38 • 1 7 21 
14142 47 2272 8 . 1 G5 15 48 17 . 128 184 . 41 . 24 47 
14145 63 1228 7 . 9 FO 15 48 24 . 177 84 . 33 1 . 16 63 
14147 39 2922 8 . 5 K2 15 48 36 . 167 216 . 52 . 14 38 

14149 16 2835 8 . 3 K5 15 48 53 . 403 274 . 50 . 21 16 
14151 38 2708 7 . 6 KO 15 49 1 . 342 220 . 46 • 14 37 
14152 61 1543 8 . 2 KO 15 49 1 . 857 l00 . 44 . 95 61 
14154 59 1682 8 . 6 K5 15 49 5 . 96 7 119 . 03 • 73 59 
14158 19 3024 8 . 2 K2 15 49 18 . 529 267 . 63 • 18 19 

14174 44 2516 8 . 6 K5 15 50 36 . 269 196 . 52 • 19 44 
14176 20 3163 8 . 9 KO 15 50 38 . 428 265 . 05 • 18 20 
14185 28 2487 8 . 1 K2 15 51 4 . 690 247 . 32 • 14 27 
14187 0 3423 8 . 4 KO 15 51 6 . 921 306 . 45 . 38 0 
14194 13 3027 8 . 7 K2 15 51 49 . 234 280 . 07 . 23 13 

14196 2 3020 7 . 7 K5 15 51 55 . 822 302 . 80 • 35 2 
14202 32 2642 8 . 3 A3 15 52 14 . 641 235 . 12 . 13 32 
14220 8 3108 8 . 2 KL 15 53 40 . 237 291 . 17 . 29 8 
14224 10 2927 7 . 5 KO 15 53 48 . 724 286 . 34 • 27 10 
14228 54 1780 8 . 2 KO 15 54 8 . 263 149 . 44 . 45 54 

14230 21 2851 8 . 4 KO 15 54 14 . 882 262 . 67 • 1 7 21 
14231 31 2799 7 . 9 MO 15 54 16 . 407 237 . 83 . 14 31 
14235 56 1844 8 . 1 K5 15 54 22 . 635 138 . 50 . 53 55 
14236 - 2 4077 8 . 4 AO 15 54 26 . 217 313 . 00 . 42 - 2 
14237 - 0 3040 7.7 K5 15 54 26 . 431 308 . 52 . 39 - 0 

14241 57 1620 8 . 2 F8 15 54 55 . 450 128 . 56 . 62 57 
14243 17 2938 7 . 7 GO 15 54 59 . 133 2.71 . 69 . 20 17 
14248 19 3042 8 . 7 KO 15 55 32 . 144 266 . 76 . 19 19 
14253 13 3037 7.9 KO 15 56 3 . 833 280 . 93 . 24 12 
14255 72 703 7 . 5 KO 15 56 8 . 590 -56.84 3 . 81 72 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M. ). 

T in centuries from 1900. 0, T' in centuries from epoch. 

35 
41 
58 
51 
55 

39 
14 
15 
54 
49 

24 
57 
22 
58 

8 

59 
13 
38 
36 
50 

5 
23 
37 
17 
58 

17 
42 
29 

9 
26 

28 
31 
57 
26 
31 

17 
29 

4 
26 
10 

23 
21 
57 
50 
36 

25 
19 
31 
58 
32 

1950 

49 . 43 
36 . 18 
30 . 86 
21 . 08 
31 . 50 

27 . 57 
59 . 30 
57 . 34 
20 . 39 
55 . 45 

19 . 97 
54 . 71 
43 . 86 

5 . 26 
38 . 15 

22 . 33 
57 . 49 
14 . 68 
39 . 71 
19 . 47 

7 . 98 
52 . 57 
24 . 40 
36 . 10 
17 . 72 

20 . 19 
9 . 4"3 

18 . 15 
47 . 09 
17 . 79 

10 . 01 
44 . 83 
42 . 55 
40 . 12 
49 . 56 

19 . 58 
19 . 43 
52 . 45 
30 . 96 
34 . 21 

24 . 64 
58 . 61 
41 . 56 
42 . 54 

6 • 14 

36 . 10 
44 . 87 
33 . 04 
39 . 02 

7 . 22 

P recession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

- 1140 . 6 18 . 4 2 57 . 35 
- 1139 . 7 9 . 4 2 57 . 36 
- 1138 . 4 17 . 2 2 56 . 44 
- 1137 . 1 19 . 0 2 58 . 34 
- 1136 . 3 11.4 2 56 . 92 

- 1125 . 3 2 . 5 2 56 . 34 
- 1124 . 6 15 . 8 2 57 . 82 
- 1122 . 5 18 . l 2 5 7 . 8 7 
- 1121 . 6 19 . 3 2 5 8 . 39 
- 1121 . 1 10 . 0 2 57 . 40 

- 1118 . 8 9 . 1 4 58 . 49 
- 1115 . 5 19 . 4 2 58 . 90 
- 1112 . 7 15 . 4 2 58 . 42 
- 1112 . 2 16 . 6 2 59 . 00 
- 1109 . 1 14 . 1 2 57 . 85 

- 1105 . 2 - 4 . 7 2 58 . 90 
- 1099 . 3 17 . 7 2 56 . 88 
- 1098 . 6 18 . 1 2 5 7 . 88 
- 1095 . 8 15 . 7 2 5 7 • 80 
- 1095 . 6 11 . 2 2 57 . 40 

- 1092 . 2 - 24 . 6 2 58 . 42 
- 1089 . 7 16 . 3 2 58 . 42 
- 1089 . 5 11. 5 2 57 . 95 
- 1088 . 6 5 . 4 2 58 . 42 
- 1087 . 2 13 . 5 2 58 . 82 

- 1085 . 1 17.1 2 57 . 38 
- 1084 . 1 13 . 7 2 57 . 86 
- 1084 . 0 6 . 4 4 59 . 12 
- 1083 . 5 7 . 5 2 58 . 90 
- 1082 . 0 16 . 6 2 58 . 47 

- 1072 . 4 12 . 3 2 56 . 87 
- 1072 . 1 16 . 5 2 57 . 36 
- 1068 . 9 15 . 5 2 57 . 82 
- 1068 . 6 19 . 1 2 57 . 41 
- 1063 . 4 17 . 5 2 58 . 90 

- 1062 . 6 18 . 9 2 57 . 95 
- 1060 . 3 14 . 8 2 56 . 35 
- 1049 . 7 18 . 3 2 56 . èl7 
-1048 . 6 18 . 0 2 57 . 42. 
- 1046 . 2 9 . 5 2 57 . 82 

-1045 . 4 16 . 6 2 57 . 89 
- 1045 . 2 15 . 0 2 56 . 95 
-1044 . 4 8 . 8 2 58 . 39 
-1044 . 0 19 . 7 2 58 . 41 
-1043 . 9 19 . 4 2 58 . 41 

-1040 . 3 8 . 2 2 57 . 88 
-1039 . 9 17 . 2 2 57 . 42. 
- 1035 . 7 16 . 9 2 57 . 39 
- 1031 . 8 17 . 8 2 57 . 88 
- 1031 . 2 -3 . 3 2 57 . 86 



RESULTS OF OBSERVA TIONS MAD E WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

P r ecess ion 
No. B . D . No. M + Sp . R.A. 1950 1st 2nd Decl. 

Term T erm 

14257 48 2346 8 . 8 K2 15 56 27 . 361 180 . 75 . 26 47 
14261 34 2716 8 . 6 K2 15 56 42 . 040 228 . 95 . 14 34 
14274 1 3154 7 . 4 K5 15 57 29 . 119 305 . 80 • 3 7 0 
14286 41 2655 8 . 5 KO 15 58 12 . 964 207 . 08 • 1 7 41 
14287 53 1832 7 . 8 K2 15 58 20 . 456 152 . 78 • 42 53 

14291 66 927 8 . 0 A3 15 58 31 . 015 46 . 01 1 . 63 66 
14298 29 2752 7 . 7 G5 1 5 58 55 . 013 2.43 . 13 . 15 29 
14314 - 2 4094 8 . 1 K2 16 0 12 . 110 312 . 04 • 40 - 2 
14326 35 2762 8 . 0 K2 16 1 7 . 132 225 . 60 • 15 35 
14329 47 2292 8 . 5 AS 16 1 19 . 289 183 . 40 . 24 46 

14340 6 3149 7 . 6 KO 16 1 51 . 996 294 . 80 . 30 6 
14345 60 1649 8 . 1 KO 16 2 6 . 939 100 . 94 . 86 60 
14349 13 3062 8 . 5 K2 16 2 36 . 915 279 . 86 . 24 13 
14 362 42 2671 8 . 3 KO 16 3 42 . 169 201 . 58 • 19 42 
14 366 0 3 455 8 . 5 K2 16 3 46 . 788 307 . 45 . 37 - 0 

14 369 44 2541 7 . 8 KO 16 3 49 . 681 195 . 10 . 20 4 3 
143 7 1 36 2689 7 . 4 G5 1 6 3 58 . 554 220 . 35 . 15 36 
14 37 5 45 2370 8 . 0 F0 16 4 20 . 854 187 . 77 . 23 45 
14 37 6 - 2 4111 8 . 6 AS 16 4 21. 323 313 . 70 . 41 - 3 
143 78 - 3 38 7 5 7. 4 MO 1 6 4 23 . 462 314 . 98 • 41 - 3 

143 79 58 1615 8 . 5 KO 1 6 4 24. 931 119 . 93 . 66 58 
14 381 62 14 52 8 . 3 KO 1 6 4 33 . 529 82 . 92 l . ùS 62 
14385 3 3 1 28 8 . 2 KO 16 4 59 . 537 300 . 08 . 32 3 
14388 16 2885 7 . 8 K2 16 5 28 . 104 274 . 05 . 2 1 1 5 
14 397 83 468 7 . 3 GS 16 5 58 .1 08 - 729 . 65 36 . 76 83 

14 400 5 3 147 7 . 9 KO 16 6 12 . 659 L95 0 93 • 31 5 
14403 7 3 102 8 . 4 K5 1 6 6 20 . 455 293 . 36 • 29 6 
144 08 34 27 4 1 8 . 4 G5 16 6 32 . 770 228 . 42 . 15 33 
14423 11 2926 8 . 6 A0 16 7 23 . 287 284 . 44 . 25 10 
14431 25 3039 7 . 2 KO 16 8 0 . 959 250 . 76 . 16 25 

14 432 53 1848 7 . 9 K2 16 8 5 . 992 150 . 53 . 42 53 
14446 48 2369 7 . 4 KO 16 9 3 . 455 176 . 28 . 28 47 
14450 21 2882 8 . 4 KO 16 9 14 . 249 261 . 75 • 18 21 
14 451 24 2977 8 . 6 KO 16 9 19 . 761 254 . 77 • 1 7 23 
14452 67 928 8 . 7 G5 1 6 9 19 . 799 21 . 71 1. 86 67 

14460 18 3138 8 . 6 G5 16 9 48 . 388 268 . 59 . 20 18 
14477 46 2156 7 . 5 KO 16 11 lQ . 870 184 . 18 . 25 46 
1448 5 4 3140 8 . 2 G5 16 11 35 . 511 298 . 69 . 31 4 
14486 16 2908 7 . 8 MO 16 11 36 . 256 271 . 96 . 21 16 
14488 9 3169 8 . 4 F0 16 11 42 . 863 287 . 06 . 26 9 

14492 0 3477 8 . 3 K2 16 12 21 . 568 307 . 61 • 36 - 0 
14494 - 1 3159 8 . 4 G5 16 12 38 . 810 311 . 93 • 38 - 2 
14498 22 29 4 6 8 . 2 KO 16 12 43 . 724 257 . 96 . 18 22 
14512 48 2380 8 . 6 K5 16 13 49 . 362 172 . 45 • 29 48 
14514 81 543 7 . 9 G5 16 13 52 . 684 -471 . 23 18 . 18 81 

14519 66 944 8 . 1 KO 16 14 14 . 717 32 . 16 1 . 62 66 
14523 20 3236 8 . 4 KO 16 14 39 . 328 263 . 92 . 19 19 
14528 38 2747 7 . 7 K2 16 14 56 . 871 211 . 10 . 17 38 
14534 61 1577 8 . 0 KO 16 15 26 . 029 90 . 82 . 88 61 
14541 64 1117 8 . 3 KO 16 15 49 . 473 56 . 82 1 . 26 64 

Position 1950 + T = P osition 1950 + T (1st term) + T 2 (2nd term) + T ' (P. M . ). 

T in centuries fro m 1900. 0, T' in centuries from epoch. 

49 
20 
45 

1 
17 

11 
5 

19 
9 

52 

8 
35 
16 

9 
3 

51 
39 
37 

7 
44 

1 
27 
32 
50 
32 

32 
46 
51 
59 
37 

2 
56 

4 
56 
29 

6 
1 
9 

33 
39 

8 
12 
29 
27 
16 

30 
55 
46 

0 
23 

Precession 
1950 1st 2nd 

Term Term 

34 . 31 -1028 . tl 11 . 5 
3 . 44 - 1027 . 0 14 . 5 

50 . 22 -1021 . 2 19 . 4 
59 . 04 - 1015 . 6 13 . 2 
34 . 16 - 1014 . 7 9 . 8 

42 . 78 - 1813 . 3 3 . 1 
15 . 54 - 1010 . 3 15 . 5 
57 . 45 - 1000 . 6 19 . 9 
20 . 92 -993 . 6 14 . 5 

4 . 32 -992 . 1 11.8 

50 . 88 -988 . 0 1 tl . 9 
32 . 43 - 986 . l 6 . 6 
16 . 83 -982 . 2 18 . 0 
41. 04 -973 . 9 13 . 0 
41 . 32 - 973 . 4 19 . 8 

12 . 48 - 973 . 0 12 . 6 
44 . 17 -971 . 9 1-4 . 3 
44 . 47 - 969 . 0 12 . 2 

9 . 41 - 969 . 0 20 . 2 
39 . 99 - 968 . 7 20 . 3 

29 . 92 - 968 . 5 7 . 9 
33 . v3 -967 . 4 5 . 5 
29 . 81 - 964 . 1 19 . 4 
33 . 53 - 960 . 4 17 . 7 
24 . 55 -956 . 5 -46 . 5 

13 . 17 -954 . 8 19 . 2 
37 . 62 -953 . 7 19 . 0 
50 . 77 - 952 . 1 14 . 9 
40 . 18 -945 .7 18 . 5 

1 . 70 - 940 . 8 16 . 3 

4 . 86 - 940 . 2 9 . 9 
8 . 66 -932 . 8 11 . 6 

11 . 81 -931 . 4 17 . 1 
52 . 11 - 930 . 7 16 . 6 
38 . 34 - 930 . 7 1.6 

20 . 01 - 927 . 0 17 . 6 
13 . 97 -916 . 3 12 . 1 
11 . 20 -913 . 1 19 . 6 
35 . 45 -913 . 0 17 . 8 
58 . 10 - 912 . 1 18 . 8 

8 . 75 -907 . 1 20 . 2 
38 . 23 -904 . 9 20 . s 
25 . 83 -904 . 2 17 . 0 

7 . 54 -895 . 7 11.4 
14 . 41 -895 . 3 -30 . 5 

2.49 -892 . 4 2 . 3 
26 . 03 -889 . 2 17 . 4 

1 . 48 -886 . 9 14 . 0 
44 . 07 -883.0 6 . 1 
43.05 -880 . 0 3.9 

151 

No. Epoch 
Obs. 1900+ 

2 5 7 . tl2 
2 56 . 41 
3 58 . 64 
2. 56 . 37 
2 57 . 40 

2 56 . 87 
2. 56 . 42. 
2 56 . 90 
2 56 . 41 
2 56 . ti9 

2 56 . 94 
2 56 . 95 
2 56 . 95 
2 57 . 36 
2 5tl . 42. 

2 57 . 52 
2. 56 . 98 
2 58 . 41 
2 57 . 41 
3 58 . 11 

2 58 . 41 
2 57 . 43 
2 57 . 94 
2 58 . u4 
2 57 . 80 

4 Stl . 69 
2. 5 tl . 41 
3 59 . 12 
2 58 . 90 
2 57 . 34 

2 57 . 40 
2 57 . 36 
2 56 . 40 
2 57 . 97 
2 57 . 90 

2 57 . 41 
2 56 . 95 
2 56 . 82 
2 57 . 39 
2 57 . 43 

2 57 . 94 
2 58 . 04 
2 56 . 41 
2 57 . 89 
2 5 8 . 88 

2 57 . 51 
2 56.36 
2 56 . 40 
2 57.43 
4 57.95 
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Precess ion 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

14553 IL 2993 8 . 1 G5 16 16 50 . 662 280 . n . 23 12 
14564 - 2 4160 8 . 6 KO 16 17 21 . 915 313 .44 . 38 - 2 
14565 62 1470 7.1 KO 16 17 27.765 75 . 48 1 . 03 62 
14569 - 4 4095 8 .6 K2 16 17 37 . 352 316 .68 . 40 - 4 
14576 55 1830 7.6 K5 16 18 11 . 932 135 . 59 . 49 54 

14581 0 3503 8 .2 K2 16 18 32 .4 02 305 . 76 . 34 0 
14583 40 3006 7.8 F2 16 18 34.533 204 . 65 • 18 40 
14589 52 1961 8 . 0 KO 16 19 16 . 918 152.82 • 38 51 
14590 29 2816 8 . 8 GO 16 19 22 . 394 239 . 98 • 16 29 
14595 47 2333 9 .0 G 16 19 38 . 037 178.38 • 26 46 

14598 3 3173 7.5 K2 16 19 44 . 379 301 . 00 • 32 2 
14604 10 2992 8 . 3 K5 16 20 0 . 921 285 . 92 . 25 10 
14608 79 493 9 . o G5 16 20 20 . 802 -336.84 11 . 15 79 
14619 73 717 8.9 KO 16 20 57 . 927 -96.98 3 . 82 73 
14621 32 2717 7.5 K5 16 21 7.252 229 . 28 . 16 32 

14649 28 2564 8 . 6 A5 16 22 44 . 050 242.94 • 16 27 
14656 24 3QQ3 7 . 5 K5 16 23 0 . 230 252.65 • 17 24 
14672 23 2934 7 . 6 MO 16 24 10 . 201 255 . 05 • 1 7 23 
14673 5 3203 8.2 KO 16 24 11.028 295.69 • 28 5 
14674 76 606 7 . 7 K5 16 24 14 . 125 - 203 . 65 6 . 34 76 

14675 60 1676 8 . 1 A3 16 24 14.954 92 . 21 . 81 60 
14687 34 2787 8 . 8 K2 16 25 11 . 285 223 . 99 . 16 34 
14698 33 2733 7 . 2 KO 16 26 3 . 509 228 . 32 • 16 32 
14700 15 3008 7 . 4 KO 16 26 7.434 273 . 25 . 21 15 
14710 54 1814 8 . 3 KO 16 26 37.375 134 . 46 • 4 7 54 

14714 40 3020 8.9 F8 16 26 50 . 393 204 . 76 • 19 39 
14716 4 3191 7 . 8 G2 16 27 5 . 905 297 . 27 . 29 4 
14721 35 2822 7 . 9 K5 16 27 22 . 527 218 . 91 . 17 35 
14728 56 1892 8 . 2 KO 16 27 55.119 120 . 02 • 56 56 
14734 20 3284 8 .5 K2 16 28 29 . 826 262 .43 . 18 20 

14740 1 3246 7 . 5 KO 16 28 48.887 304.28 • 31 1 
14745 37 2762 8.2 GO 16 28 57.445 212 .33 • 18 37 
14751 17 3041 8.3 KO 16 29 10.155 268.21 . 20 17 
14759 42 2719 7.8 KO 16 29 53 . 538 195 . 15 . 21 42 
14767 28 2581 7.5 K5 16 30 25 . 694 242.15 . 16 27 

14773 23 2951 7 . 9 KO 16 31 2 . 622 254 . 26 . 17 23 
14776 - 4 4128 8.1 KO 16 31 15 . 886 318 . 05 • 37 - 4 
14777 - 3 3964 8 .2 KO 16 31 20 . 252 315 . 30 . 36 - 3 
14786 7 3207 8 .3 A3 16 32 35 . 369 292 .21 . 26 6 
14792 54 1819 8.9 KO 16 32 46.465 136.35 • 44 54 

14793 51 2115 7 . 9 G5 16 32 51 . 957 153.71 . 35 51 
14794 59 1734 7.4 KO 16 33 0 . 998 94 . 26 . 73 59 
14799 19 3127 8 .1 K2 16 33 14.155 264.44 .19 19 
14802 32 2750 8 .1 K5 16 33 28.582 229 . 53 • 16 32 
14806 66 959 8 .4 G5 16 33 34 . 175 26.23 1 . 41 66 

14814 30 2843 8 .1 G5 16 33 56.127 236.00 .16 29 
14816 2 3140 8 . 7 G5 16 34 7 . 286 302 . 69 • 30 2 
14831 36 2756 1 . 0 MO 16 34 43.342 216 .4 2 . 18 36 
14841 19 3135 8 .1 KO 16 35 32 . 544 262 . 81 . 18 19 
148 51 - 0 3155 8.4 G5 16 36 16 .7 03 308 . 93 • 32 - 0 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M . ). 

T in centuries from 1900. 0, T' in centuries from epoch. 

40 
54 
32 
26 
54 

44 
22 
57 

6 
49 

59 
1 

20 
17 
44 

52 
10 
10 
26 
33 

24 
15 
48 
32 
38 

53 
41 
44 
42 

2 

24 
38 
36 
16 
48 

13 
57 
41 
57 

2 

4 
46 

3 
3 
9 

50 
8 
8 

39 
44 

1950 

35 . 62 
21 . 30 
37 . 53 
20 . 52 
36 . 97 

43 . 64 
40 . 59 

7 . 65 
45 . 26 

9 . 47 

31 . 38 
t::'.8 . 65 
44 . 50 
43 . 20 
30 . 85 

3 . 03 
10 .75 
35 . 34 
44 . 03 
31 . 58 

56 . 94 
44 . 95 
33 . 88 
27 . 31 
14 . 73 

8 . 41 
4 .1 5 

33 .11 
47 . 36 

6 . 31 

53 . 08 
0 . 89 

22 . 94 
6.6 0 

50 . 90 

17 . 65 
6 . 67 

11 . 62 
6 . 63 

11 . 39 

18 . 18 
47 . 74 
28 . 47 
43 . 19 
27 . 49 

47 . 77 
2 . 21 

25.45 
21.39 
13 . 67 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

- 872 . 0 18 . 6 2 56 . 88 
- 867 . 9 20 . 8 2 57 . 36 
-867.1 5 . 1 2 57 . 96 
-865. 8 21.0 2 57 . 48 
-861 . 3 9 . 1 2 57 . 35 

- 858 . 6 20 . 3 2 57 . 95 
-858.3 13 . 7 2 56 . 98 
-852.7 10 . 3 2 58 . 42 
- 852 . 0 16 . 0 2 57 . 87 
-849.9 12 . 0 4 58 . 25 

- 849 .1 20 . 1 2 58 . 41 
-846.9 19 . 1 ê 57 . 96 
- 844 . 3 - 22 . 1 2 58 . 44 
- 839 . 4 - 6 . 2 2 58 . 44 
-838.1 15 . 4 2 56 . 89 

-825.3 16 . 3 2 56 . 95 
- 823 . 1 17. 0 2 57 . 96 
-813.8 17 . 2 2 56 . 96 
- 813 . 7 19 . 9 2 58 . 40 
- 813 . 3 - 13 . 4 2 57 . 97 

- 813 . 2 6 . 3 2 58 . 41 
- 805 . 7 15 . 1 2 57 . 42 
-798.8 15 . 4 2 56 . 96 
-798.2 18 . 4 2 57.35 
-794.2 9 . 2 2 56 . 89 

-792.4 13 . 9 2 56 . 96 
- 790 . 4 20 . 1 2 57 . 43 
- 788 .1 14 . 8 2 58 . 48 
-783.8 8 . 2 2 58 . 41 
-779.1 17 . 8 2 57 . 43 

-776.6 20 . 6 2 56 . 95 
-775.4 14 . 4 2 57 . 83 
-773. 7 18 . 2 2 56 . 96 
-767.9 13. 3 4 57 . 71 
-763.5 16 . 5 2 56 . 89 

-758.5 17 . 3 2 56.98 
- 756 . 8 21 . 6 2 56 . 96 
-756.2 21 . 4 4 58 . 66 
- 746.0 19 . 9 2 57 . 49 
-744.5 9 . 4 2 57 . 97 

-743.8 10 . 6 2 58 . 05 
- 742.6 6 . 5 2 58 . 49 
-740 . 7 18 . l 2 56 . 98 
-738.8 15 . 7 2 57 . 49 
-738.1 1.9 2 57 . 95 

-735 . 1 16.2 2 57 . 90 
- 733 . 6 20 . 7 2 57 . 95 
-728.6 14 . 9 2 57 . 43 
-72 2 . 0 18 . 0 2 56 . 89 
-716 . 0 21.2 2 57 . 48 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D. No. M + Sp. R.A. 1950 lat 2nd Decl. 

Term Term 

14859 3 3240 8 . 2 K2 16 36 53 . 386 299 .71 . 28 3 
14862 46 2199 7 . 8 KO 16 37 3 . 602 175 . 68 . 26 46 
14876 35 2848 8 . 3 KO 16 37 46.815 219 . 17 • 1 7 35 
14885 44 2598 8 . 1 G5 16 38 52 . 805 185.77 . 23 44 
14894 12 3064 8 . 6 KO 16 39 23 . 051 280 . 40 .22 12 

14898 56 1911 7 . 7 KO 16 39 37 . 259 119 . 44 • 51 56 
14903 41 2740 8 . 4 GO 16 39 52 . 997 196 . 58 . 20 41 
14907 0 3569 8 . 6 GO 16 40 18 . 562 306.96 . 30 0 
14908 79 510 8 . 5 KO 16 4 0 20 . 755 -356.57 9 . 37 79 
14910 - 3 3982 7 .7 K5 16 40 34 . 182 316 . 24 . 34 - 4 

14911 53 1883 8 . 1 KO 16 40 34 . 388 139.54 • 4 0 53 
14912 11 3028 8 . 2 K5 16 40 36 .1 97 282 . 82 . 22 11 
14914 15 3040 7 . 8 K2 16 40 40 . 951 271 . 88 . 20 15 
14920 6 3282 8 . 0 KO 16 41 12.412 292 . 53 . 25 6 
14924 4 3242 8 . 2 KO 16 41 24 . 463 298 . 29 . 27 4 

14925 7 3228 8 . 4 KO 16 41 24 . 946 290 . 51 . 24 7 
14930 9 3259 8 . 2 KO 16 41 36 . 689 287 .1 3 . 23 9 
14938 32 2775 8 . 3 K5 16 42 22 . 367 228 . 84 • 16 31 
14940 10 3058 8 .1 K5 16 42 29 . 019 285 . 01 . 23 10 
14941 17 3081 8 . 4 KO 16 42 30 . 248 268 . 47 • 19 17 

14944 52 1994 8 .1 KO 16 42 46.5 05 145.86 • 36 52 
14950 48 2433 7 . 5 K5 16 43 13 . 588 165.42 . 28 48 
14956 27 268 1 8 . 4 K5 16 43 37 . 861 242 . 25 • 16 27 
14965 65 1141 8 . 1 KO 16 43 57 . 526 32 . 31 1.19 65 
14969 46 2211 7.6 KO 16 44 23 . 733 175.81 . 25 46 

14972 18 3237 8 . 3 KO 16 44 40 . 555 266 .14 .1 9 18 
14973 58 1669 7 . 5 K2 16 44 47.2 02 98 . 93 . 62 58 
14975 29 2881 8 .4 F8 16 45 3 . 641 236 . 28 • 16 29 
14979 1 3306 8 . 6 A3 16 45 26 . 207 304 . 45 . 28 1 
14981 20 3332 a . o KO 16 45 37 . 156 260 . 50 . 18 20 

14982 9 3273 8 . 4 KO 16 45 39 . 026 287 . 44 . 23 8 
14988 31 2908 8 . 6 KO 16 45 57 . 720 229 . 14 • 16 31 
14996 6 3296 a . a K5 16 46 19 . 616 292 . 20 . 24 6 
15002 24 3060 B. 9 KO 16 46 49.328 249 . 91 • 17 24 
15005 5 3276 a . 2 AO 16 47 2 . 409 295 . 22 . 25 5 

15022 19 3175 8 . 8 MO 16 47 53 .1 23 262 . 51 • 18 19 
15034 12 3097 8 0 7 KO 16 48 48.046 278.93 . 20 12 
15035 18 3256 7 . 5 KO 16 48 55 . 091 265 . 59 • 18 18 
15039 48 2445 7 . 7 KO 16 49 29 . 096 163 . 76 • 28 48 
15040 38 2848 B. 5 KO 16 49 38.068 207 . 69 • 18 38 

15041 51 2141 7 . 9 KO 16 49 40 . 820 148 . 83 • 33 51 
15048 35 2878 7 . 7 K5 16 50 23 . 159 216 . 14 • 1 7 35 
15050 21 2997 7 . 4 K5 16 50 31 . 165 258 . 23 • 17 21 
15051 3 3298 a . o G5 16 50 44.487 300 . 41 . 26 3 
15076 - 3 4023 7 . 6 G5 16 51 48 . 489 316 . 45 . 31 - 4 

15081 71 812 8 . 1 KO 16 52 B. 331 -71.72 2 . 25 71 
15087 0 3597 8 . 8 K2 16 52 51 . 249 306 . 94 • 27 0 
15089 32 2810 B. 6 K5 16 52 55 . 886 225.00 . 16 32 
15090 - 2 4275 8.2 KO 16 52 59 . 114 312 . 63 . 29 - 2 
15093 40 3072 7 . 8 KO 16 53 4 . 008 196 . 92 • 19 40 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

29 
29 
10 

7 
7 

15 
25 
10 
17 

3 

9 
2 

44 
42 

6 

36 
6 

54 
2 
8 

0 
21 
16 
19 

8 

2 
44 
18 
18 
17 

55 
40 
48 
20 
27 

25 
35 

9 
25 

2 

12 
34 

3 
6 
5 

22 
10 
45 
22 
47 

Precession 
1950 1st 2nd 

Term Term 

22 . 48 -711. 0 20 . 6 
28 . 31 -709.6 12.1 

8 . 43 -703 . 7 15.1 
27.60 -694.7 12.8 

1.37 -690.6 19.3 

44 . 73 - 688 . 6 8 . 3 
3.82 -686 . 4 13.6 
7.13 -683.0 21 . 2 
4 . 80 -682.7 - 24 . 3 

24 . 95 -680.8 21 .8 

59 0 01 -680.8 9 . 7 
5 . 58 -680.5 19 . 5 

51 . 03 -679.9 18 . 8 
40 . 43 -675.5 20 . 2 
41 . 32 -673.9 20 . 6 

40.87 -673.8 20.1 
48 . 29 -6 72 . 2 19.9 
55 . 31 -666.0 15.9 
34 . 33 -665.1 19.8 

2 . 33 -664 . 9 18 . 6 

40 . 89 -662.6 10 . 2 
18.09 -658.9 11.5 

o . 73 -655 . 6 16.8 
41 . 06 -652.9 2.4 

2 . 52 -649.3 12.3 

16.71 -646.9 18 . 5 
40.69 -646. 0 1.0 
48 . 47 -643.7 16 . 4 

2.53 -640.6 21.2 
33 . 11 -639.1 18 . 1 

26 . 54 -638.9 ëO . O 
37 . 98 -636.3 16.0 
11 . 52 -633.2 20 . 3 
56.99 -629 .1 17 . 4 

3.63 -627.3 20.6 

49.87 -620.3 18.3 
4.52 - 612 .7 19.5 

40.00 -611. 7 18.6 
39.15 -607.0 11.5 

8.61 -605.7 14.6 

43.44 -6 05 . 3 10.5 
17.40 -599.5 15.2 
19.90 -5 98 . 3 18.l 
7.73 -596.5 21 . 0 
1.59 -587.6 22 . 2 

3 .46 -584.B -4.9 
20 . 63 -578.8 21 . 5 
35.79 -578.2 15.8 
29 .1 6 -577.7 21 . 9 
11.00 -577.1 13.9 

153 

No. Epoch 
Obs. 1900+ 

2 56 . 96 
2 56 . 89 
2 56 . 89 
2 56 .5 0 
2 58.48 

2 57 . 05 
2 56.49 
2 5 7. tl8 
2 57.90 
2 56 .95 

2 58.05 
2 58.04 
2 57 . 42 
2 57.03 
4 59 .1 4 

2 59.00 
2 58 . 50 
2 57 . 96 
2 57 . 93 
2 58 . 93 

2 57 . 42 
2 57 . 94 
2 58.44 
2 58 . 05 
2 56.96 

2 57.93 
2 58.07 
2 58 . 96 
2 58.02 
2 58 . 93 

3 59.45 
2 58 . 41 
2 57.94 
2 57 .4 2 
2 56.44 

2 56.88 
2 58 . 97 
4 57.72 
2 56.44 
2 58 . 02 

2 57 . 03 
2 57.98 
2 58.03 
2 57 . 97 
2 56.96 

2 57 . 97 
2 57.96 
3 58 . 46 
4 58 . 76 
2 57 . 95 
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Precession 

No. B.D. No. M + Sp. R .A. 1950 1st 2nd Decl. 1950 

Term Term 

15094 37 2821 7.7 K5 16 53 15 . 995 209 . 47 . 17 37 23 57 . 13 
15095 - 0 3203 8 . 8 G5 16 53 18 . 353 309 . 73 . 28 - 1 4 27 . 03 

15099 23 3020 8 . 9 A5 16 53 22 . 949 251 . 81 . 16 23 26 39 . 05 

15101 17 3125 8 . 4 K2 16 53 33 . 494 267 . 00 • 18 17 28 53 . 81 

15103 40 3074 8 . 3 K5 16 53 41 . 978 200 . 12 • 19 39 56 4 . 96 

15109 22 3035 8 . 4 A2 16 54 12 . 506 255 . 07 • 1 7 22 11 4 . 76 
15115 13 3264 8 . 4 K2 16 54 42 . 468 277 . 63 .2 0 13 2 26 . 26 
15120 10 3102 8 . 2 KO 16 54 51 . 976 283 . 32 . 21 10 36 14.56 
15125 65 1156 8 . 4 F2 16 55 7 . 586 32 . 10 1 . 03 65 0 25.50 
15128 32 2820 7 . 7 KO 16 55 19 . 408 226 . 17 • 16 32 18 37 . 14 

15134 55 1890 8 . 7 K 16 55 39 . 268 119.97 . 44 55 34 46.86 
15135 9 3299 8 . 3 FO 16 55 43 , 224 286 . 74 . 21 9 6 29.21 
15137 43 2668 7 . 5 G5 16 55 48 , 997 184.36 .21 43 45 35 .1 6 
15140 57 1718 9 . 0 FO 16 56 2 . 069 107,88 , 50 57 13 5 . 87 
15148 33 2805 8 . 1 F8 16 56 22 . 034 221 . 38 • 16 33 46 33 . 98 

15150 30 2911 8 . 0 G5 16 56 36 . 010 231 .1 3 .1 6 30 39 38 . 03 
15159 8 3322 8 . 4 K2 16 57 10 . 609 289 . 02 .2 2 8 6 1 . 79 
15160 - 3 4040 7 . 5 K2 16 57 10 . 883 316 . 65 • 29 - 4 8 50 . 69 
15169 78 573 7 . 6 KO 16 58 19 . 913 - 300 . 50 5 . 93 78 2 6 . 46 
15177 47 2419 8 . 8 A2 16 58 55 . 889 169 . 37 . 24 46 56 38 . 72 

15197 54 1856 8 . 2 KO 17 0 41.064 125.12 . 39 54 39 59 . 27 
15202 41 2784 7 . 9 F2 17 0 52 . 989 193.96 .1 9 41 15 55.96 
15206 29 2927 7.6 K2 17 1 5 . 575 234.07 .16 29 32 56.05 
15212 - 2 4294 7 . 8 K5 17 1 24 . 531 313 . 00 . 27 - 2 30 53 . 80 
15213 51 2161 7 . 7 KO 17 1 25 . 615 147.61 • 31 51 0 43.93 

15214 73 754 7 . 3 K2 17 1 28 .4 40 -1 22 . 65 2 . 60 73 15 54 . 92 
15217 16 3091 8 . 1 KO 17 1 39 . 378 270 . 02 • 18 16 5 29 . 66 
15222 32 2844 8 . 2 MO 17 2 15 . 899 224 . 48 .1 6 32 37 45.70 
15227 45 2487 8 . 4 KO 17 2 27 . 213 175.54 .2 3 45 31 2 .1 8 
15228 36 2823 7 . 7 K2 17 2 30 . 128 210 . 42 .17 36 49 16.24 

15231 14 3185 8 . 6 G5 17 2 46 . 172 275 .1 5 .1 8 1 3 57 24.02 
15232 53 1915 7 . 7 KO 17 2 48 . 751 133 . 63 .3 5 53 17 56 . 00 
15234 3 3339 8 . 8 G5 17 3 1.276 300 . 77 • 23 2 54 1 . 86 
15237 67 984 8 . 6 KO 17 3 11 . 637 - 1 . 55 1 . 20 67 14 55 . 47 
15242 25 3197 7 . 9 KO 17 3 39 . 147 245.31 . 16 25 34 24.02 

15244 5 3323 8 . 0 G5 17 3 43 . 906 295 . 45 . 22 5 14 4 . 37 
15246 71 823 8 . 5 K 17 3 48 . 644 - 67 . 04 1.83 70 54 6 . 31 
15258 7 3304 8 . 5 K2 17 4 19 . 435 290 . 68 .21 7 18 57 . 96 
15271 - 4 4233 8 . 2 KO 17 5 23 . 388 317 . Jl . 27 - 4 15 49 . 68 
15274 60 1735 7 . 8 KO 17 5 43 . 441 75 . 86 . 61 60 42 3 . 95 

15275 65 1168 7 . 9 G5 17 5 50 . 156 28 . 69 . 91 65 0 18 .11 
15281 42 2800 9 . 0 F2 17 6 28 . 299 189 . 61 • 19 42 9 48.50 
15284 44 2659 7.8 K2 17 6 30 . 318 180. 77 . 21 44 13 58 . 47 
15286 12 3159 8 . 4 K5 17 6 36 . 881 277 . 97 . 18 12 43 32 . 26 
15292 0 3646 8.4 G5 17 7 9 . 668 305 . 94 . 23 0 36 37 . 81 

15296 47 2435 8 . 5 A3 17 7 21 . 419 164 . 33 . 24 47 42 6 . 65 
15308 29 2951 7.8 MO 17 8 29 . 191 234 . 45 • 15 29 13 42 . 04 
15319 39 3083 8 . 4 K2 17 9 17 . 687 201.24 • 17 39 8 19 . 64 
15322 6 3365 8 . 7 A3 17 9 23 . 902 293 . 71 . 20 5 57 42.20 
15326 2 3266 8.4 GO 17 9 50 . 51 0 302 . 35 . 22 2 10 ,59 . 21 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M . ) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 190o+ 

-575.4 14 . 7 2 58 . 99 
-575.1 21 . 7 2 58 . 48 
-574.4 17 . 7 2 58 . 42 
- 5 72 . 9 18 . 8 4 59 . 40 
- 571 . 8 14 . 1 2 57 . 97 

-567.5 17 . 9 2 58 . 01 
-563.3 19.5 2 57 . 95 
- 562 . 0 19.9 2 56.95 
-559.8 2 . 4 2 56 . 49 
-558.1 15 . 9 2 57 . ù6 

-555.4 8 . 5 2 57 , 96 
-554.8 20 . 2 2 56 . 89 
-554.0 13,0 2 57 . 97 
-552,2 7 . 7 2 57 . 44 
- 549 . 4 15.6 2 56 . 49 

-547.4 16.3 2 57 . 51 
- 542 . 5 20 . 4 2 56 . 96 
-542.5 22 .4 2 56 . 98 
- 532 . 8 - 21 . 0 2 57 . 49 
-527.8 12.0 2 56 . 49 

- 513 . 0 8 . 9 2 57 .4 3 
- 511 . 3 13 . 8 2 56 . 49 
- 509 .5 16.6 4 58 . 68 
-506.8 22 . 2 2 57 . 49 
- 506 . 7 10 . 5 2 57 . 42 

- 506 . 3 - 8 . 5 2 57 . 43 
- 504 . 7 19 . 2 2 56 . 95 
-499 . 6 16 . 0 2 58 . 50 
- 498 . 0 12 . 5 2 58 . 07 
-497.6 15 . 0 2 57 . 59 

- 495 . 3 19.5 2 58 , 49 
- 494 . 9 9 . 5 2 57 . 99 
- 493 . 2 21 . 4 2 57 . 94 
- 491 . 7 . o 2 59 . U3 
-487.8 17 . 4 2 58 . 89 

- 487 . 2 21 . 0 2 57.51 
- 486 . 5 - 4 . 6 2 57 . 91 
-482 . 1 20 . 7 2 58 . U3 
-473.1 22 . 6 4 58 . 43 
-470.2 5 . 5 2 57 . 03 

-469.3 2 . 1 4 58 . 43 
-463.9 13.5 2 57 . 05 
- 463 . 6 12 . 9 2 57 . 49 
-462 . 7 19 . 8 2 57 . 94 
-458 . 0 21 . 8 2 57 , 97 

-456.3 11 . 8 2 58 . 50 
- 446 . 7 16 . 8 2 56 . 89 
-439.8 14.4 2 56 . 94 
-438. 9 21.0 2 57 . 03 
-435 . 1 21 . 6 2 59 , 42 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No . B . D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

15333 48 2489 8 . 6 KO 17 10 10 . 150 158 . 08 . 25 48 
15350 61 1645 7 . 9 F2 17 11 8 . 495 63 . 08 . 63 61 
15355 5 3353 8 . 2 KO 17 ll 30 . 377 295 . 95 . 20 4 
15363 14 3205 8 . 5 K7 17 11 58 . 600 273 . 87 • 17 14 
15374 17 3201 7 . 7 K5 17 12 55 . 150 265 . 19 • 16 17 

15377 15 3141 8 . 5 KO 17 13 9 . 404 272 . 35 .17 14 
15381 30 2956 7 . 8 G5 17 13 18 . 026 230 . 69 • 15 30 
15416 37 2863 8 . 6 GO 17 15 27 .785 206 . 13 • 16 37 
15420 49 2614 7.1 K2 17 15 32 . 023 152 . 49 . 25 49 
15431 - 4 4262 8 .4 K5 17 16 18 . 666 317 . 09 . 23 - 4 

15433 27 2787 7 . 6 KO 17 16 24 .1 92 240 . 51 • 15 26 
15437 - 2 4332 7.2 KO 17 16 44 . 385 313 . 52 . 23 - 2 
15448 - 0 3265 8 . o K5 17 17 26 . 021 307 . 96 . 21 - 0 
15449 22 3120 8 . 0 K2 17 17 28 .442 254 . 29 .1 5 21 
15455 4 3396 8 . 7 KO 17 17 45.726 297 . 42 • 19 4 

15462 17 3225 7.9 K2 17 18 32 . 222 266 . 92 .1 6 17 
15464 61 1652 7.2 K5 17 18 38 .1 14 62.10 • 56 61 
15472 62 1540 8 . 3 A2 17 19 14.142 52 . 88 . 60 62 
15479 9 3372 7 .4 KO 17 19 28 . û89 284 . 64 • 1 7 9 
15484 59 1804 8 . 3 A2 17 19 43.853 86 . 22 • 45 59 

15521 37 2881 7 . 3 KO 17 22 26 . 945 208 .11 • 15 36 
15540 45 2531 8 .4 KO 17 23 ll. 744 173 . 60 • 19 45 
15559 25 3264 8 . 9 K2 17 24 5 . 756 243 . 91 • 14 25 
15561 - 0 3285 8 .4 KO 17 24 11.706 307 . 66 . 19 - 0 
15562 24 3184 8 .4 K2 17 24 15.413 247 . 62 . 14 24 

15565 - 2 4357 8 . 2 K2 17 24 40.47 0 312 . 75 . 20 - 2 
15570 - 3 4105 8 .4 K2 17 25 6 . 548 314 . 44 . 20 - 3 
15574 73 772 8 . 2 KO 17 25 21 . 133 - 124 . 14 1 . 61 72 
15583 13 3382 a. a F5 17 26 5 . 557 274 . 71 • 15 13 
15589 9 3399 8 .6 F8 17 26 ll.528 284 . 59 • 16 9 

15594 1 3440 8 .1 B9 17 26 39 . 734 305 . 08 • 18 0 
15599 11 3188 8 . 3 K5 17 27 6 .4 35 279 . 84 • 15 11 
15601 41 2839 7.7 K5 17 27 14.747 190 . 57 .1 6 41 
15603 10 3219 8 . 5 KO 17 27 19 . 666 283 . 05 • 16 10 
15611 22 3157 7.4 KO 17 28 11 . 718 253 . 67 . 14 22 

15612 77 661 8 .7 G5 17 28 14 . 933 - 273 . 03 2 . 82 77 
15613 29 3033 8 . 0 KO 17 28 18 . 389 232 . 32 .14 29 
15619 45 2540 18. 3 KO 17 28 45 . 266 171 . 77 • 19 45 
15628 59 1823 7.9 KO 17 29 20 . 956 80 . 47 . 39 59 
15629 2 3340 8 . 5 KO 17 29 22 . 220 302.03 . 17 2 

15637 40 3162 8 . 4 A2 17 30 8 . 017 196 . 12 • 16 40 
1.5649 23 3131 8 . 9 F5 17 30 43 . 346 250 . 19 .14 23 
15657 7 3400 7 . 8 F2 17 31 7 . 753 290 . 55 • 16 7 
15658 32 2941 8 . 2 A2 17 31 12 . 024 224 . 48 • 14 32 
15660 52 2067 8 . 0 KO 17 31 24 . 038 136 . 85 . 24 52 

15661 64 1204 7 . 5 K2 17 31 25 . 100 28 . 80 • 55 64 
15665 21 3153 a. o K5 17 31 47 . 491 254 . 83 . 14 21 
15674 4 3448 7 . 8 KO 17 32 9 . 515 297 . 75 • 16 4 
15676 10 3246 8 . 0 A2 17 32 30 . 185 283 . 24 . 15 10 
15682 43 2763 8 . 1 MO 17 32 59.654 181 . 26 • 1 7 43 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

50 
52 
58 
21 
51 

57 
21 
39 
44 
15 

59 
41 
16 
59 
18 

5 
48 
40 
47 
14 

58 
23 
39 

8 
20 

21 
5 

58 
51 
45 

58 
44 
26 
24 

4 

9 
32 
40 
43 
17 

0 
19 
12 

0 
7 

32 
35 

7 
17 
31 

Precession 
1950 1st 2nd 

Term Term 

20 .8 0 -432.3 ll.3 
4.78 -424 . 0 4.6 

38 .59 -420.9 21 . 2 
23 . 90 -416.9 19.6 
25 . 52 - 408 . 9 19 . 0 

59 . 86 -406.8 19.5 
23 . 35 -405.6 16.6 
48.85 -387.1 14 . 8 
37 . 84 -386.4 11.0 
22 . 79 - 379 . 8 22 . 8 

18 . 88 -379. 0 17 . 3 
54 . 17 -376.1 22 . 5 
32 . 68 -370.1 22.1 
34 .7 3 -369.7 18 . 3 
41 . 57 -367.3 21 . 4 

19.55 -360.6 19 . 2 
26 . 31 -359.8 4 . 5 

4 . 36 -354.6 3 . 9 
0 . 84 -352.6 20 . 5 

50 . 05 - 350 . 4 6 . 3 

1 . 39 -326.9 15 . 0 
45 . 22 - 320 . 5 12 . 6 
5 1 . 60 -312.7 17.6 
34 . 84 -311 • 8 22-2 
23 . 00 -311.3 17 . 9 

6 .1 2 - 307 . 7 22 . 6 
4.47 -303.9 22 . 7 

41 . 31 - 301.9 -8.9 
56 . 14 - 295 . 5 19 . 9 
42.01 -294.6 20 . 6 

25 . 92 -290.5 22.l 
34 . 85 -286.7 20.2 
17 . 38 -285.5 13 . 8 

8 . 57 -284.8 20 . 5 
21 . 00 -277.2 18.4 

16.90 -276.8 -19 . 6 
41 . 07 -276.3 16.8 
50.54 -27 2 . 4 12.5 
32.54 -267.3 5.9 
18. 85 -267.1 21.9 

35 .19 -260.5 14 . 2 
20 . 63 -255.3 18 • 1 
42.26 -251.8 21.1 
10 . 83 -251.2 16.3 
42 .1 4 -249.5 10.0 

42.91 - 249 . 3 2.1 
52 . 94 -246.1 l8. 5 
52.72 -242. 9 21.6 
30 .74 - 239 . 9 20 . 5 
57.45 - 235 . 6 13.2 

155 

No. Epoch 
Obs. 1900+ 

2 57 . 97 
2 56 . 89 
2 56 . 50 
2 57 . 56 
2 57 .5 2 

2 56.97 
2 56.96 
3 58 . 12 
2 56 . 96 
2 5 6 • 98 

2 56.96 
3 59 . 84 
2 58 . 91 
2 56 . 99 
2 57 . 49 

2 56 . 96 
2 57 . 52 
2 57 . 49 
2 56 . 93 
3 56 . 74 

3 56 . 46 
2 57 . 42 
2 56 . 98 
2 57 . 51 
2 57 . 57 

2 58 . 04 
2 57 . 96 
2 57 . 49 
2 57 . 52 
2 57 . 95 

2 56 . 49 
2 58.98 
2 57.42 
2 57.06 
2 56.93 

2 56 . 98 
2 57.95 
2 57 .49 
2 57 . 58 
2 58 .91 

2 5 7 . 5.c 
2 56.95 
2 56.50 
2 57 . 05 
2 57.58 

2 57 . 97 
2 57.98 
2 58 . 94 
2 58.05 
2 57.49 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

15683 71 847 1:J.l K5 17 33 1.101 -91.99 l . lu 71 
15694 1 3467 8 . 2 KO 17 33 48.247 304 . 37 . 16 1 
15697 66 1034 8.2 G5 17 34 l . 81:J5 . 69 . 62 66 
15699 38 2966 8 .5 KO 17 34 11.833 203.44 . 15 38 
15707 11 3210 l:J. 1 K2 17 34 43.0tl9 2.79.86 . 14 11 

15710 14 3289 7.5 KO 17 34 46 • 241:l 2.72 . 04 . 14 14 
15712 19 3381 8.5 A2 17 34 56 . 459 260 . 66 . 13 19 
15720 31 3062 8.1 G5 17 35 25.616 226 . l:J 1 • 13 31 
15724 69 929 8.4 K2 17 35 45 . 966 -51 . 17 • 80 69 
15730 12 3267 7 . 5 KO 17 36 6.579 277.22 . 14 12 

15742 26 3053 tl. 5 A2 17 36 42 . 8U2 240 . 9û • 13 26 
15743 68 945 7.4 K5 17 36 44.799 -30 . 44 . 69 68 
15753 7 3434 7 . 1 KO 17 37 31 . 407 289 . 05 . 14 7 
15760 6 3490 7.4 K2 17 37 53 . 864 291 . 96 . 15 6 
15764 34 3019 8.3 G5 17 38 36 . 220 216 . 78 • 13 34 

15771 35 3040 8 . 2 KO 17 39 27.799 211.48 . 14 35 
15773 28 2803 7 . 9 KO 17 39 37 . 671 235 . tl5 . 13 28 
15777 21 3189 tl . 9 KO 17 39 47 . 117 255.tl3 . 13 21 
15784 70 949 8.2 K5 17 40 6 . 049 -71 . 98 . 77 7ù 
15786 23 3162 8.8 KO 17 40 16 . 259 249 . 46 • 13 23 

15789 50 2449 7.5 KO 17 40 34 . 066 145 . 77 . 19 50 
15793 10 3272 8 . 3 A2 17 40 45 . 403 282 . 93 • 13 10 
15800 18 3445 8.2 K2 17 41 7 . 415 261.88 • 13 18 
15805 27 2877 7.1 K2 17 41 27 .444 239 . 34 . 13 27 
15806 4 3493 8.o K5 17 41 28 . 088 297 . 19 • 14 4 

15815 - 1 3386 8.2 K2 17 42 5 . 977 311 . 33 . 15 - 1 
15830 22 3205 8.6 G5 17 43 21.500 252 . 55 . 12 22 
15831 49 2685 8.6 K2 17 43 21.626 152 . 66 • 1 7 49 
15833 30 '.1052 7.9 KO 17 43 27 . 179 228.61 • 13 30 
15834 42 2909 8.3 KO 17 43 35.699 184 . 75 . 15 42 

15835 39 3215 8.o K2 17 43 46 . 676 197 . 92 • 14 39 
15840 - 3 4172 tl .6 A3 17 44 3 . 252 316.73 • 14 - 4 
15843 75 640 7.7 K2 17 44 22.503 -21 0 .34 1 . 18 75 
15846 17 3332 8.4 K2 17 44 43 . 882 264.25 • 12 17 
15865 - 0 3361 7.6 K5 17 45 41 . 155 309.66 • 13 - 1 

15871 80 555 7 . 1 MO 17 46 7.584 -473.06 2 . 45 80 
15873 32 2987 8.4 KO 17 46 10.141 221.80 . 12 32 
15875 67 1036 8.3 K5 17 46 17 . 090 -16 . 99 . 44 67 
15909 56 2024 7.3 K5 17 48 42.242 103.07 . 21 56 
15917 54 1917 8.3 GO 17 49 17.858 118.54 • 19 54 

15918 38 3011 7.5 G5 17 49 26.935 201.33 • 13 38 
15939 - 2 4480 8.2 KO 17 50 22.956 312.56 • 12 - 2 
15954 14 3360 8.6 FO 17 51 7.843 272.03 • 11 14 
15960 9 3505 tl. 1 K5 17 51 32.127 284.28 • 11 9 
15963 23 3207 8.7 K2 17 51 32 . 339 250.29 • 11 23 

15976 52 2110 8.2 F2 17 52 20 . 368 133 . 96 • 16 52 
15977 42 2951 7.2 KO 17 52 29.076 184.29 .13 42 
15980 12 3324 8.0 K2 17 52 32.419 277 . 27 . 12 12 
15986 66 1057 7.7 KO 17 52 55.253 1.23 . 28 66 
15989 45 2620 7.8 G5 17 53 14.197 171.13 • 14 45 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

37 
16 
35 

2 
41 

52 
21 
13 
39 
45 

33 
31 
49 
35 
14 

45 
14 

9 
39 
29 

30 
23 
50 

2 
21 

43 
20 
15 
34 
36 

22 
2 

33 
54 

0 

18 
4 0 
38 
50 
44 

27 
14 
48 
47 

7 

23 
39 
41 
25 
33 

1950 

7 . 82 
35 . 35 
L3 . 43 
32 . 52 

4 . 50 

50 . 84 
33 . 66 

7 . 91 
48 . 44 
52 . 48 

13 . 37 
2 . 63 

37 . 68 
25 . CJO 
24 . 50 

42 . 88 
11 . 72 

8 . 09 
43 . 47 
35 . l:J2 

31 . 52 
4 . 09 

43 . 82 
39 . 12 
13 . 81 

11 . 47 
39 . 87 

5 . 27 
7 . 25 

24 . 87 

50 . 80 
7 . 83 

33 . 62 
19 . 16 

2 . 53 

5 . 66 
16 . 24 
41 . 53 
25 . 40 
24 . 22 

15 . 07 
50.81 
23 . 67 
38 . 93 
48 . 82 

38 . 76 
19 . 15 

7 . 26 
38 . 97 
4U.26 

Precession 

1st 2n<l 
No. Epoch 

Term Term Obs. 1900+ 

-235 . 4 -6 . 6 2 5 8 . 05 
-228 . 6 22 . 1 2 57 . 49 
-226 . 6 • 1 2 57 . 48 
-225 . 2 14 . 8 2 57 . 45 
-220 . 6 20 . 3 2 56 . 50 

-220 . 2 19 . 8 2. 56 . 96 
-218 . 7 18 . 9 2 57 . 99 
-214 . 5 16 . 5 2 56 . 95 
-211 . 5 - 3 . 7 4 58 . 44 
-208 . 6 20 . 1 2 57 . 43 

-203 . 3 17 . 5 2 57 . 97 
- 203.0 -2 . 2 2 57 . 49 
-196 . 2 21.0 2 56 . 51 
-192 . 9 21.2 2 57 . 40 
-186 . 8 15 . 8 2 57 . 06 

-179 . 4 15 . 4 2 57 . 13 
-177 . 9 17 . 2 2 56 . 98 
- 176 . 6 18 . 6 2 57 . 97 
-173 . 8 - 5 . 2 2 57 . 01 
-172 . 3 18 . l 2 57 . 4L 

- 169 . 7 10 . 6 2 56 . 91:l 
-168 . 1 20 . 6 2 58 . 49 
-164 . 9 19 . 1 2 56 . 47 
-162 . 0 17 . 4 2 57 . 06 
-161 . 9 21.6 2 57 . 43 

-156 . 4 22 . 7 2 57 . 98 
-145 . 4 11:l . 4 2 57 . 49 
-145.4 11 . 1 2 57 . 50 
-144 . 6 16 . 6 2 58.49 
-143 . 3 13 . 5 2 57 . 49 

-141 . 7 14 . 4 2 58 . 57 
- 139 . 3 23 . 1 2 59 . 02 
-136 . 5 - 15 . 3 2 58 . 07 
- 133 . 4 19 . 2 2 57 . 57 
-125 . 1 22 . 6 2 57 . 49 

-121 . 2 -34 . 4 2 57 . 44 
-120 . 9 16 . 2 2 57 . 49 
-119 . 9 - 1 . 2 2 58 . 50 

- 98 . 7 7 . 5 2 57 . 05 
-93 . 6 8 . 6 2 57 . 56 

-92 . 2 14 . 7 2 57 . 44 
-84 . 1 22 . 8 2 57 . 42 
-77 . 5 19.8 2 58 . 04 
-74 . 0 20 . 7 3 5 7 . tl 1 
- 74 . 0 18 . 2 2 57 . 10 

-67 . 0 9 . 8 2 57 . 96 
-65 . 7 13 . 4 2 59 . ù3 
-65.2 20 . 2 2 58 . 06 
-61 . 9 • 1 2 58 . 06 
-59.2 12 . 5 2 57 . 50 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B.D. No. M+ Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

15995 6 3576 8 . 0 K5 17 54 14 . 745 291 . 29 • 11 6 
15999 32 3010 7 . 8 K2 17 54 34 . 950 223 . 23 • 12 32 
16004 85 294 7 . 6 FO 17 54 58 . 331 1462 . 55 5 . 04 85 
16021 47 2563 8 . 1 KO 17 55 49 . 007 162 . 90 . 13 47 
16028 - 0 3393 8 . 8 K5 17 56 5 . 060 308.68 . 10 - 0 

16030 14 3375 7 . 9 MO 17 56 6 . 434 272 . 49 • 11 14 
16032 38 3045 8 . 2 KO 17 56 12 . 686 202 . 62 • 12 38 
16037 54 1925 7 . 1 K5 17 56 31 . 792 118 . 85 • 15 54 
16038 40 3254 8 . 6 F8 17 56 33 . 004 194 . 76 • 12 40 
16053 49 2716 8 . 2 K5 17 57 43 . 691 152 . 19 • 13 49 

16059 56 2044 8 . 3 K2 17 58 20 . 097 103 . 53 • 15 56 
16066 63 1396 7 . 2 K5 17 58 45 . 959 33 . 87 • 17 63 
16070 0 3837 a . a G5 17 58 57 . 620 307 . 08 . 10 0 
16072 41 2955 8 . 4 KO 17 59 14 . 049 189 . 20 • 12 41 
16076 30 3106 6 . 8 K5 17 59 30 . 386 228 . 17 .11 30 

16077 39 3300 8 . 2 KO 17 59 30 . 500 199 . 02 • 12 39 
16079 20 3642 8 . 4 FO 17 59 42 . 787 258 . 31 • 10 20 
16086 71 864 7 . 5 K2 18 0 24 . 331 - 95 . 13 • 16 71 
16087 24 3311 8 . 0 K2 18 0 26 . 633 245 . 04 • 11 24 
16097 17 3418 a . 2 KO 18 1 3 . 164 264 . 93 . 10 17 

16118 21 3292 8 . 9 KO 18 2 26 . 843 254 . 06 . 10 21 
16120 5 3599 8 . 6 A2 18 2 41 . 734 293 . 75 • 09 5 
16121 82 537 8 . 7 KO 18 2 44 . 792 -7 05 . 69 -.46 82 
16128 42 2996 7 . 1 KO 18 2 58 . 069 183 . 36 • 11 42 
16129 29 3180 1 . 0 KO 18 3 2 . 434 233 . 03 • 11 29 

16131 15 3354 7 . 6 K5 18 3 3 . 585 269 . 92 . 10 15 
16132 37 3008 7 . 7 G5 18 3 7.355 203.58 • 11 37 
16136 79 569 8 . 4 KO 18 3 10 . 994 -435.66 -. 20 79 
16139 64 1242 7 . 5 K2 18 3 20.413 22 . 63 .1 0 64 
16141 13 3514 8 . 1 KO 18 3 26 . 913 275 . 31 .1 0 13 

16143 10 3385 8 . 8 KO 18 3 33 . 568 282 . 72 . 09 10 
16157 54 1940 a . a K2 18 4 32 . 137 119 . 98 . 11 54 
16161 62 1596 7 . 8 KO 18 5 4 . 031 52 . 77 • 09 62 
16164 48 2639 8 . 8 K2 18 5 9 . 729 155 . 86 • 11 48 
16169 3 3597 8 . 6 KO 18 5 20 . 395 298 . 72 • 08 3 

16181 - 4 4405 8 . 0 K2 18 5 58 . 059 317 . 72 • 07 - 4 
16183 0 3859 8 . 4 K2 18 6 3 . 819 305 . 68 • 08 0 
16198 47 2589 8 . 5 KO 18 7 28 . 657 163 . 56 • 11 47 
16205 7 3578 7 . 4 K2 18 8 12 . 699 289 . 45 • 08 7 
16211 29 3195 8 . 1 G5 18 8 37 . 716 233 .11 . 1 0 29 

16219 18 3586 8 . 0 AO 18 9 22.005 263.14 • 09 18 
16224 27 2975 8 . 5 KO 18 9 45.717 238 . 21 . 10 27 
16225 72 829 7 . 7 F5 18 9 46 . 323 -107 . 01 -.1 8 72 
16227 77 681 7 . 8 KO 18 9 54.557 - 298 . 95 -.67 77 
16231 61 1728 8 . 1 KO 18 10 13 . 325 64 . 80 • 05 61 

16234 86 275 7 . 7 KO 18 10 19.897 191 0 . 25 -14. 52 86 
16240 4 3652 8 . 4 K2 18 10 38 .282 297 . 81 . 07 4 
16244 37 3043 8 . 1 K5 18 10 44.534 204 . 37 . 10 37 
16249 52 2159 8 . 5 MO 18 11 6.249 136.21 . 09 52 
16250 0 3883 a . a KO 18 11 10 . 421 305 . 77 • 06 0 

Posü:ion 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

50 
11 
41 
13 
34 

37 
5 

40 
6 

15 

44 
57 

6 
28 
38 

1 
8 

38 
59 
36 

44 
48 
29 
51 

4 

38 
49 
48 
51 
28 

26 
30 
18 
35 
41 

26 
42 

6 
37 

4 

18 
22 

8 
34 
10 

33 
4 

38 
2 

40 

Precession 
1950 1st 2nd 

Term Term 

45 . 15 - 50 . 3 21 . 2 
31 . 91 -47. 4 16.3 

1 . 49 - 43 . 9-1 06 . 6 
49.83 - 36 . 6 11.9 
43.15 -34.2 22 . 5 

2 . 50 -34. 0 19.9 
15.70 - 33 . 1 14.8 

9 . 17 -30. 3 8.7 
56 . 12 -3 0 .2 14.2 
46.30 -19. 9 11.1 

59 . 76 -14.6 7.5 
32 . 30 -1 0 . 8 2.5 
15 . 66 -9.1 22 .4 
47 . 09 -6.7 13 . 8 
4 ü . OO -4. 3 16 . 7 

40 . 99 -4.3 14 . 5 
37 . 45 -2.5 18.8 

1 . 53 3 . 5 -6. 9 
30.27 3 . 9 17 . 9 
19 . 35 9 . 2 19.3 

6 . 57 21 . 4 18.5 
2 . 66 23 . 6 2 1.4 

11 . 94 24 . 0 -51.4 
21 . 87 26 . 0 13.4 
34.38 26 . 6 17.0 

31 . 64 26.8 19 . 7 
45.25 27 . 3 14 . 8 
21 . 74 27 .9 -31.8 
36 . 25 29 . 2 1.6 
39 . 98 30 .2 20.1 

12 . 68 31.1 20 . 6 
29.13 39 . 7 8.7 
37 .7 2 44.3 3.8 
21 . 05 45.2 11.3 
11 . 01 46.7 21 . 8 

56.83 52 .2 23 .1 
26 . 92 53 . 0 22 . 3 
36.02 65 .4 11.9 
26 . 07 71.8 21.1 
4.14 75.4 17.ù 

41.12 81 . 9 19.1 
21 . 00 85 . 3 17.3 
28 . 88 85 .4 -7.8 
57 .71 86 . 6 -21.8 
19.44 89 .4 4 . 7 

19.87 90 . 4- 139 . 1 
36.33 93 . 0 21 .7 
42.89 93 . 9 14.9 
52 .47 97 .1 9.9 
11.80 97 . 7 22 . 2 

157 

No. Epoch 
Obs. 1900+ 

2 57 . 12 
2 56 . 88 
2 58 . 05 
2 58 . 91 
2 57 . 14 

2 57 . 96 
2 57 . 51 
2 58 . 05 
2 58.07 
2 57.52 

2 57.89 
2 57.01 
2 57.51 
2 57.06 
2 57 . 56 

2 57 . 43 
2 57 . 52 
2 57 . 42 
2 57 . 12 
2 58 . 05 

2 56 . 96 
2 57 . 07 
2 57.13 
2 57 . 52 
2 57 . 06 

2 57 . 06 
2 58 .49 
2 57.48 
2 58 . 12 
2 57 . 98 

2 58.54 
2 58 . 56 
2 56 .49 
2 58.05 
2 57 . 06 

2 57 . 52 
2 57 . 51 
2 56 . 40 
2 57 . 07 
2 56 . 98 

2 57 . 51 
2 56.50 
2 58 . 02 
2 56 . 96 
2 57 .1 1 

2 57 . 97 
2 58 .1 2 
2 56 . 47 
2 57 . 51 
2 57 . 06 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

16251 13 3564 s.o K2 18 11 16 . 817 274.97 . 08 13 
16253 40 3314 8.4 MO 18 11 19.569 191.78 . 10 40 
16259 5 3656 8.1 A2 18 11 59.200 293.56 . 07 5 
16261 45 2679 7.5 KO 18 12 9.549 170.83 . 10 45 
16263 42 3030 8.1 FO 18 12 9.998 183.50 • 10 42 

16267 63 1415 8.2 F8 18 12 30 . 992 38.73 - . 01 63 
16271 36 3064 7.7 K5 18 13 6 . 667 209.11 . 10 36 
16273 74 757 7.6 K5 18 13 29 . 986 -167 . 79 - . 50 74 
16274 15 3415 8.5 F8 18 13 37 . 949 270 . 77 . os 15 
16277 25 3475 e.3 KO 18 13 44 . 267 242.92 . 09 25 

16305 36 3079 7.7 K2 18 14 59.167 206.83 . 10 37 
16307 48 2668 7.7 K5 18 15 6 . 073 157.42 • 09 48 
16309 8 3636 8.5 KO 18 15 11 . 029 286 . 99 • 07 8 
16324 - 4 4438 7 . 5 KO 18 16 20 . 635 316.94 . 04 - 4 
16334 69 973 8.3 F5 18 17 7 . 322 -52 . 67 - . 28 69 

16337 40 3340 8.o GO 18 17 28 . 152 191.90 . 09 40 
16342 31 3239 7.9 AO 18 17 55 . 475 226 . 90 . 09 31 
16346 39 3385 8.1 K5 18 18 10 . 221 197.24 • ù9 39 
16348 52 2184 6.8 K5 18 18 11 . 658 132 . 93 • 06 52 
16350 10 3479 8.0 K5 18 18 14 . 321 283.65 . 06 l U 

16351 55 2054 8.5 G5 18 18 16 . 560 113 . 02 . u4 55 
16361 80 577 8.8 A2 18 18 55 . 111 -494.36 -2 . 92 80 
16365 46 2464 8 . 1 KO 18 19 29 . 009 164.69 . 08 46 
16368 61 1741 8.3 KO 18 19 45.737 63.09 -. 05 61 
16370 66 1100 8 . o K2 18 19 47.962 -2 . 68 - . 20 66 

16376 64 1263 7.4 KO 18 20 3 . 405 32 . 25 - . 12 64 
16380 42 3065 7.6 K2 18 20 26 . 190 186 . 38 • 09 42 
16381 12 3499 8.8 KO 18 20 39 . 588 278.89 • 06 12 
16390 43 2962 7.8 G5 18 21 22.356 179.28 . os 43 
16392 25 3510 8.9 KO 18 21 32.431 243.76 . 09 25 

16396 38 3157 7.5 K5 18 21 42.187 202.37 . 09 38 
16398 17 3565 s.s MO 18 21 42 . 608 266.13 • 07 17 
16403 - 3 4279 8.4 A2 18 21 58.243 314.49 • 02 - 3 
16407 13 3632 s.o K2 18 22 13.871 274 . 96 • 07 13 
16413 9 3699 s.o K5 18 22 "35 . 553 284.58 • 06 9 

16420 75 667 8 .7 AO 18 22 59 . 267 -2 07 .55 -1 . 22 75 
16427 41 3051 8.4 K5 18 23 55 . 500 190.65 . os 41 
16432 33 3099 8.0 F5 18 24 8 . 514 220. 64 • 09 33 
16433 26 3253 8.5 K5 18 24 8.992 240.16 . os 26 
16434 19 3643 8.3 K5 18 24 10.905 261 . 18 . 07 19 

16439 24 3416 8.4 KO 18 24 30.963 247.23 • 08 24 
16446 30 3206 7.1 KO 18 24 57 .201 227.72 • 09 30 
16459 59 1898 7.2 KO 18 25 58.400 80.37 - . 01 59 
16464 70 998 8 .4 AO 18 26 21.368 -65.23 - . 59 70 
16469 14 3546 7.6 K2 18 26 36.657 271.88 • 06 14 

16470 77 696 7.3 KO 18 26 36.694 -292.81 -2 . 13 77 
16473 39 3428 8 . 2 KO 18 26 40.618 196.11 • 08 39 
16478 37 3130 8 . o A2 18 26 58.920 206.54 • 08 37 
16486 57 1874 8 .1 G5 18 27 16.288 95 .92 - . 04 57 
16498 15 3483 7.1 KO 18 27 44.573 269 . 52 . J6 15 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M. )

T in centuries from 1900. 0, T' in centuries from epoch. 

37 
53 
53 
39 
51 

35 
21 
19 
19 
46 

0 
20 
40 

7 
41 

54 
7 

34 
37 

4 

34 
34 
58 
24 
45 

10 
15 

3 
54 
32 

16 
12 

4 
40 
42 

31 
17 

7 
48 

9 

20 
56 
40 
23 
57 

31 
57 
13 
53 
54 

1950 

39 . 47 
10 . 19 
26 . 72 

2 . 86 
48 . 88 

6 . 44 
44 . 43 

6 . 02 
37 . 24 
33 . 95 

27 . 73 
58 . 20 
24 . 69 
36 . 40 
21 . 04 

17 . 36 
18 . 28 
20 . 45 
45 . 35 
48 . 93 

12 . 95 
8 . 74 

23 . 82 
25 . 86 
40 . 59 

41 . 55 
48 . 49 
50 . 19 
19 . 53 
20 . 63 

30 . 29 
26 . 40 
59 . 95 
41 . 89 
24 . 68 

19 . 26 
2 . 82 

10 . 79 
52 . 09 

3 . 05 

20 . 89 
11 . 84 
25 . 87 
24 . 42 
20 . 83 

48 . 89 
49 . 09 

6 . 91 
19 . 32 
34.28 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

98 . 6 20 . 0 
1 

2 57 . 58 
99 . 0 13 . 9 2 58 . 03 

104 . 8 21.3 2 57 . 42 
106 . 3 12 . 4 2 58 . 14 
106 . 4 13 . 3 2 57 . 59 

109 . 4 2 . 8 2 57 . 58 
114 . 6 15 . 2 2 57 . 57 
118 . 0 - 12 . 2 2 58 . 02 
119 . 1 19 . 7 4 57 . 85 
120 . 1 17 . 6 2 57 . 53 

131 . 0 15 . 0 2 57 . 96 
132 . 0 11 . 4 2 57 . 48 
132 . 7 20 . 8 2 57 . 49 
142 . 8 23 . 0 2 57 . 52 
149 . 6 -3 . 9 2 57 . 56 

152 . 6 13 . 9 2 57 . 06 
156 . 6 16 . 5 2 57 . 61 
158 . 7 14 . 3 2 58 . U6 
158 . 9 9 . 6 2 58 . 59 
159 . 3 20 . 6 2 57 . 53 

159 . 6 8 . 2 2 59 . 00 
165 . 3 - 35 . 9 2 58 . 02 
170 . 2 11 . 9 2 57 . 98 
172 . 6 4 . 5 4 58 . 76 
172 . 9 -. 2 2 57 . 60 

175 . 2 2 . 3 2 59 . 04 
178 . 5 13 . 5 2 57 . 04 
180 . 4 20 . 2 2 56 . 50 
186 . 6 13 . 0 2 56 . 47 
188 . l 17 . 7 2 57 . 50 

189 . 5 14 . 6 2 58 . 06 
189 . 6 19 . 3 2 58 . 04 
191.8 22 . 8 2 57 . 97 
194 . 1 19 . 9 2 57 . 03 
197 . 3 20 . 6 2 57 . 50 

200 . 7 -15 . 1 2 58 . 0L 
208 . 9 13 . 8 2 57 . 53 
210 . 7 15 . 9 2 57 . 58 
210 . 8 17 . 4 2 57 . 51 
211 . 1 18 . 9 2 57 . 48 

214 . 0 17 . 9 2 58 . 05 
217 . 8 16 . 4 2 57 . 03 
226 . 7 5 . 8 4 58 . 48 
230 . 0 -4 . 8 2 57 . 48 
232 . 2 19 . 6 2 57.52 

232 . 2 -21 . 2 2 58 . 02 
232 . 8 14 . 1 2 57 . 03 
235 . 4 14.9 2 57 . 97 
237.9 6 . 9 2 57 . 05 
242 . 0 19.5 4 58 . 51 



RESULTS OF OBSERVA TIONS MAD E WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No . B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

16501 21 3459 7 . 3 FB 18 28 8 . 994 254 . 20 . 07 21 
16509 13 3667 8 . 4 KO 18 28 54 . 650 276 . 37 . 06 13 
165 13 25 3551 7 . 8 MO 18 29 6 . 937 245 . 17 . os 25 
16528 40 3403 8 . 1 KO 18 29 56 . 831 194 . 85 • 08 40 
16530 0 3960 8 . 6 F5 18 30 7 . 958 306 . 08 • 01 0 

1653 7 1 3711 8 . 6 KO 18 30 43 . 178 303 . 15 . 01 1 
16541 8 3743 8 . 8 K5 18 31 3 . 204 286 . 23 . 04 9 
165 4 7 4 3791 s . o KO 18 31 12 . 131 296 . 7tl • 02 4 
16553 76 694 7 . 8 KO 18 31 21 . 102 - 231 . 14 - 1 . 95 76 
16567 15 3511 8 . 4 M2 18 32 19 . 081 271 . 41 • 05 15 

16584 27 3053 7 . 8 KO 18 33 46 . 215 239 . 49 • 08 27 
16587 25 3581 8 . 4 A5 18 33 55 . 688 243 . 83 • 08 25 
16597 36 3202 7 . 5 KO 18 34 22 . 516 208 . 04 • 08 36 
16 600 18 3747 8 . 1 K5 18 34 37 . 813 262 . 09 • 06 18 
16605 43 3025 7 . 3 KZ 18 34 55 . 973 180 . 88 • 06 43 

16608 33 3156 8 . 2 G5 18 35 6 . 262 220 . 98 . os 33 
166 10 72 852 7 . 6 KO 18 35 10 .4 01 -1 08 . 16 - 1 . 14 72 
16611 14 3596 8 . 2 KO 18 35 15 . 983 272 . 37 . os 14 
16630 46 25 19 8 . 2 KZ 18 36 37 . 404 167 . 02 • 04 46 
16634 59 1908 s . 1 K5 18 37 2 . 749 81 . 53 -. 15 59 

1664 1 57 1890 7 . 9 KO 18 37 22 . 305 102 . 73 -. 09 57 
16646 7 3799 7 . 8 KZ 18 37 39 . 429 289 . 47 . oz 7 
166 47 24 3489 8 . 4 KO 18 37 46 . 668 245 . 97 • 07 24 
1666 1 53 2 11 3 8 . 4 AO 1 8 38 50 . 038 130 . 77 -. 03 53 
16663 0 3993 7 . 8 KZ 18 38 53 . 523 306 . 14 -. 01 0 

166 74 74 789 8 . 5 A5 18 39 50 . 968 - 169 . 73 - 1 . 89 74 
16681 20 3905 a. o G5 18 40 39 . 388 257 . 82 . 06 20 
16686 - 1 355 1 7 . 3 MO 18 41 1. 755 311 . 02 -. 03 - 1 
16690 29 3326 7 . 9 MO 18 41 4 . 872 232 . 16 • 07 29 
16694 31 3344 8 . 5 K5 18 41 9 . 510 225 . 30 • 07 31 

16695 5 3934 s . 2 KO 18 41 18 . 114 294 . 24 . 01 5 
16709 49 2849 7 . 6 K5 18 41 57 . 371 152 . 59 • 01 49 
16713 1 3764 8 . 2 KZ 18 42 6 . 308 302 . 58 - . 01 2 
16737 11 3599 s . s K5 18 44 16 . 422 279 . 31 . 03 12 
16742 9 3866 ts . 0 MO 18 44 32 . 602 285 . 71 • 02 9 

16744 75 680 8 . 9 G5 18 44 34 . 780 - 211 . 83 - 2 . 64 75 
16745 30 3294 7 . 6 KZ 18 44 44 . 145 230 . 02 • 07 30 
1674 9 43 3072 7 . 9 K5 18 44 56 . 534 182 . 94 • 05 43 
16758 6 3943 a. a KO 18 45 36 . 731 292 . 17 • 00 6 
16760 28 3086 7 . 4 KZ 18 45 46 . 908 235 . 96 . 07 28 

16763 65 1293 8 . 5 AO 18 45 56 . 440 13 . 95 -. 58 65 
16772 20 3941 8 . 5 F8 18 46 23 . 994 257 . 66 • 05 20 
16775 32 3220 7 . 1 K5 18 46 35 . 957 223 . 25 . 07 32 
16797 45 2779 8 . 9 KO 18 47 39 . 264 175 . 38 . 03 45 
16804 58 1837 8 . 6 AO 18 48 44 . 679 93 . 00 - . 20 58 

16811 42 3174 7 . 6 KO 18 48 57 . 815 186 .1 9 . us 42 
16814 - 1 3582 8 . 7 B9 18 49 5 . 164 311 . 48 -. 05 - 1 
1682 1 51 2438 8 . 0 K2 18 49 22 . 567 141 . 39 - . 04 51 
16850 35 3388 7 . 6 KZ 18 50 55 . 465 214 . 64 . 06 35 
16853 9 3911 7 . 9 MO 18 51 7 . 175 285 . 30 • 01 9 

Position 1950 + T = Position 1950 + T (1s t term) + T 2 (2nd ter m) + T' (P. M.). 

T in centuries from 1900. 0 , T' in c enturie s from epoch. 

49 
8 
7 

19 
32 

48 
3 

33 
11 
11 

10 
39 
55 
54 
45 

10 
22 
49 
45 
42 

12 
42 
57 
16 
30 

34 
37 
36 
45 
57 

41 
39 

4 
3 

21 

49 
31 
30 
36 
35 

56 
46 
43 
15 
38 

51 
49 
48 
25 
35 

Preces sion 
1950 1st 2n<i 

Term Term 

53 . 22 245 . 6 18 . 3 
45 . 34 252 . 2 19 . 9 
36 . 51 253 . 9 17 . 7 
52 . 70 261 . 1 14 . 0 
21 . 80 262 . 8 22 . 1 

29 . 54 267 . 8 21.8 
10.40 270 . 7 20 . 6 
11 . 17 272 . 0 21 . 4 
21 . 05 273 . 3 -16 . 7 
19 . 89 281 . 7 19 . 5 

9 . 95 294 . 3 17 . 2 
46 . 98 295 . 6 17 . 5 
35 . 56 299 . 5 14 . 9 
12 . 32 301 . 7 18 . 8 
13 . 24 304 . 3 13 . 0 

49 . 41 305 . 8 15 . 9 
9 . 12 306 . 4 -7 . 9 

48 . 12 307 . 2 19 . 6 
53,82 318 . 9 11 . 9 
47 . 36 322 . 6 5 . 8 

7 . 95 325 . 4 7 . 3 
57 . 51 327 . 8 20 . 7 
41 . 6 7 328 . 9 17 . 6 
41 . 08 338 . 0 9 . 3 
58 . 50 338 . 5 21 . 9 

40 . 51 346 . 7 - 12 . 3 
37 . 94 353 . 7 18 . 4 
36 . 06 356 . 9 22 . 2 
25 . 33 357 . 3 16 . 6 
46 . 40 358 . ü 16 . 1 

9 . 56 359 . 2 21 . 0 
55 . 39 364 . 9 10 . 9 

6 . 68 366 . l 21.6 
43 . 92 384 . 8 19 . 9 
50 . 97 387 . 1 20 . 3 

40 . 26 387 . 4 - 15 . 2 
54 . 04 388 . 7 16 . 4 
20 . 35 390 . 5 13 . 0 
8.01 396 . 3 20 . 8 

14.61 397 . 7 16 . 8 

50 . 32 399 . 1 . 9 
44 . 69 403 . 0 18.3 
19 . 56 404 . 8 15 . 9 
47 . 35 413 . 8 12.4 
35 . 59 423 . 1 6 . 5 

7 . 81 424.9 13 . 2 
13 . 23 426 . 0 22 . 1 
39 . 47 428 . 5 10 . 0 

2 . 89 441 . 7 15.2 
44 . 24 443 . 4 20.2 

159 

No. Epoch 
Obs. 1900+ 

2 58 . 06 
2 59 . 03 
2 56 . 94 
2 56 . 57 
2. 57 . 51 

4 58 . 76 
3 5 8 . 15 
2 57 . 48 
2 58 . 10 
2 56 . 57 

2 58 . 49 
2 58 . 04 
2 57 . 56 
2 58 . 03 
2 58 . 58 

2 58 . 04 
2 58 . 05 
2 58 . 03 
2 57 . 01 
2 56 . 97 

2 57 . 04 
2 57 . 52 
2 58 . 05 
2 57 . 08 
2 57 . 49 

2 57 . 50 
2 57 . 43 
4 59 . 73 
2 58 . 58 
2 58 . u3 

2 58 . 50 
2 57 . 58 
2 59 . 03 
2 57 . 03 
4 5 tl . 70 

2 57 . 06 
2 57 . 03 
2 58 . 06 
2 57 . 59 
3 59 . 53 

2 58 . 04 
4 59.75 
2 56 . 94 
2 57 . 50 
2 58 . 56 

2 57.03 
5 59.68 
2 58.05 
2 56.97 
2 59.03 



160 PUBLICATIONS OF THE DOMINION OBSERVATORY 

Precess ion 

No. B.D. No. M + Sp. R . A. 1950 1st 2nd Decl. 

Term Term 

16857 33 3246 8 . 4 K 18 51 25 . 062 221 . 39 . 07 33 
16861 12 3711 8 . 7 K2 18 51 51 . 528 277 . 27 . 02 12 
16872 7 3894 8 . 6 A2 18 52 26 . 397 290 . 57 -. 01 7 
16878 - 3 4413 e . 8 KO 18 52 52 . 036 313 . 89 -. 07 - 2 
16883 26 3394 7 . 9 KO 18 53 19 . 634 241 . 26 • 07 26 

16898 49 2898 7 . 1 K5 18 54 39 . 682 154 . 05 -. 02 49 
16899 5 3987 tl . 4 K2 18 54 45 . 574 293.79 -. 02 5 
16901 16 3677 8 . 3 KO 18 54 51 . 824 268 . 47 . 03 16 
16908 56 2164 7 . 8 K5 18 55 9 . 843 110 . 57 - . 17 56 
16909 47 2720 8 . 5 F8 18 55 13 . 917 165 . 28 . oo 47 

16911 38 3362 7 . 2 K5 18 55 24 . 636 203 . 28 . 06 38 
16925 25 3683 7 . 6 K5 18 56 28 . 223 246 . 41 . 06 25 
16930 - 1 3613 8 . 4 A5 18 56 43 . 003 310 . 58 -. 07 - 1 
16937 2 3751 7 . 8 K2 18 57 43 . 390 300 . 82 -. 04 2 
16947 62 1670 7 . 7 K5 18 58 12 . 724 56 . 16 -. 48 62 

16950 1 3851 8 . 4 KO 18 58 17 . 953 304 . 37 - . 06 1 
16954 88 114 8 . 3 KO 18 58 28 . 833 5773 . 40 - 682 . 80 88 
16960 58 1851 8 . 7 A2 18 58 42 . 959 96 . 06 -. 25 58 
16980 8 3950 8 . 4 KO 18 59 45 . 646 287 . 62 -. oz 8 
16984 70 1039 8 . 1 KO 18 59 58 . 762 -59 . 71 - 1 . 51 70 

16986 37 3315 7 . 8 KO 19 0 26 . 447 207 . 49 . 06 37 
17017 80 604 8 . 0 KO 19 2 20 . 443 - 451 . 67 - 9 . 23 80 
17019 39 3630 7 . 5 K5 19 2 22 . 04b 199 . 18 • 05 40 
17024 54 2080 7 . 2 K5 19 2 50 . 750 128 . 24 -. 13 54 
17040 52 2336 8 . 6 K5 19 3 37 . 110 138 . 74 -. 09 52 

17080 46 2627 7 . 9 KO 19 6 18 . 565 170 . Zl -. 01 46 
17095 2 3801 8 . 5 KZ 19 7 11 . 325 301 . 99 -. 07 2 
17097 48 2837 8 . 8 G 19 7 19 . 848 164 . 50 -. oz 48 
17100 32 3335 7 . 6 KO 19 7 25 . 438 224 . 96 • 06 32 
17102 64 1330 7 . 9 KO 19 7 47 . 947 41 . 74 -. 69 64 

17112 22 3613 8 . 2 KO 19 8 24 . 326 254 . 05 • 04 22 
17113 40 3613 8 . 5 F5 19 8 31 . 415 198 . 01 . 04 40 
17122 58 1873 7 . 0 K5 19 8 52 . 223 99 . 98 -. 30 58 
17124 7 3988 8 . 2 G5 19 9 0 . 822 289 . 63 - . 03 7 
17132 29 3506 7 . 3 KO 19 9 34 . 131 234 . 21:l . 06 29 

17133 - 4 4719 8 . 3 KO 19 9 43 . 665 317 . 46 -. 13 - 4 
17145 21 3695 8 . 2 A2 19 10 59 . 646 256 . 37 • 04 21 
17147 66 1172 8 . 1 KO 19 11 11 . 889 8 . 62 - 1 . 04 66 
17153 - 0 3679 8 . 2 G5 19 11 24 . 943 307 . 24 -. 10 0 
17154 8 4007 7 . 2 KO 19 11 29 . 861 2b7 . 31 -. 03 8 

17158 34 3461:l 7 . 6 KO 19 11 46 . 748 218 • 89 • 06 34 
17169 41 3271 8 . 6 K 19 12 14 . 011 194 . 32 . 04 41 
17172 69 1036 8 . 6 AZ 19 12 22 . 621 -34 . 58 -1 . 56 69 
17183 49 2965 7 . 9 K2 19 12 53 . 547 157 . 78 -. 05 49 
17184 36 3466 7 . 8 KO 19 12 56 . 8v7 n2 . u4 • U5 36 

17189 52 2376 8 . 3 K5 19 13 24 . 522 140 . 38 -. 12 52 
17190 73 854 7 . 7 MO 19 13 27 . 974 -129.30 - 2 . 99 73 
17192 14 3849 8 . 1 G5 19 13 31 . 659 273 . 03 • 01 15 
17202 67 1132 tl . 9 G5 19 14 21.904 -3.30 - 1 . 23 67 
17204 65 1334 e . z K2 19 14 32 . 166 29 . 89 - . 89 65 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M . ). 

T in centuries from 1900 . 0, T' in centuries from epoch. 

24 
59 
20 
53 
56 

44 
57 
39 
35 
35 

43 
10 
26 
52 
45 

18 
46 
32 
40 
37 

44 
22 

2 
18 
41 

57 
23 

9 
47 
18 

38 
34 
23 
53 
48 

32 
49 
55 

2 
56 

49 
39 
37 
40 
54 

46 
48 

7 
49 
28 

1950 

40 . 57 
5 0 . 10 
10 . 35 
20 . 41 
14 . 58 

1 . 66 
15 . 48 
48 . 77 
41 . 23 
20 . 93 

51 . 02 
46 . 15 
15 . 18 
46 . 38 
18 . 18 

41 . 98 
55 . 21 
27 . 04 
47 . 95 
33 . 06 

17 . 99 
32 . 98 
26 . 81 
48 . 76 

1 . 97 

20 . 04 
24 . 29 
29 . 49 
15 . 31 

4 . 06 

38 . 58 
2 . 62 
8 . 61 

39 . 75 
21 . 46 

52 . 94 
18 . 20 
50 . 67 
19 . 35 
47 . 39 

38 . 96 
19 . 98 
18 . 36 
45 . 71 

U. 76 

40 . 26 
18 . 54 
59 . 97 

9 . 02 
11 . 36 

Preces sion 

1st 2nd 
No. Epoch 

Term Term Obs. 190o+ 

445 . 9 15 . 6 2 57 . 03 
449 . 7 19 . 6 2 57 . 06 
454 . 6 20 . 5 2 57 . 10 
458 . 2 22 . 2 2 58 . 03 
462 . 2 17 . o 2 58 . 04 

473 . 5 10 . 8 2 56 . 96 
474 . 3 20 . 7 2 57 . 11 
475 . 2 18 . 9 2 57 . 52 
477 . 8 7 . 7 2 58 . 12 
478 . 4 11 . 6 2 57 . 56 

479 . 9 14 . 3 2 58 . 04 
488 . 9 17 . 3 2 58 . 03 
491 . 0 21 . 8 2 57 . 03 
499 . 5 21 . 1 2 57 . 05 
503 . 6 3 . 9 2 57 . 53 

504 . 4 21 . 4 2 56 . 61 
506 . 1- 407 . Z 2 58 . 63 
507 . 9 6 . 7 2 57 . 57 
516 . 7 20 . 2 2 57 . 10 
518 . 6 - 4 . 3 2 57 . 58 

522 . 5 14 . 5 2 56 . 96 
538 . 5 - 31 . 8 2 5tl . 54 
538 . 7 13 . 9 2 57 . 14 
542 . 7 8 . 9 2 57 . 06 
549 . Z 9 . 6 2 58 . 04 

5 7 1 . 8 11 . 8 2 57 . 08 
579 . Z 20 . 9 2 56 . 67 
580 . 4 11 . 4 2 57 . 58 
581 . Z 15 . 6 2 57 . 05 
584 . 3 2 . 8 2 56 . 96 

589 . 4 17 . 6 2 57 . 57 
590 . 4 13 . 7 2 57 . 08 
593 . 3 6 . 8 2 59 . 02 
594 . 5 20 . 0 2 57 . 58 
599 . 1 16 . 2 2 5 8 . 56 

600 . 4 21 . 9 4 51:l . 54 
611 . 0 17 . 7 2 58 . 56 
612 . 7 . 5 2 57 . 11 
614 . 5 21 . 2 2 57 . 58 
615 . 2 19 . 8 2 57 . 12 

617 . 5 15 . 0 2 58 . 14 
621 . 3 13 . 3 2 57 . 61 
622 . 5 - 2 . 5 2 58 . 57 
626 . 8 10 . 8 4 5 7 . tl7 
627 . 2 14 . 5 2 5tl . 56 

631.1 9 . 6 2 51:l . 60 
631 . 5 - 9 . 1 2 58 . 05 
632 . 0 18 . 7 2 57 . 59 
639 . 0 - . 4 2 57 . 11 
640 . 4 1 . 9 2 58 . 14 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B. D . No . M + Sp. R .A. 1950 1st 2nd Decl. 

Term Term 

17207 12 3867 8 . 5 AO 19 14 39 . 436 278 . 03 - . 01 13 
17209 20 4095 8 . 3 AO 19 14 42 . 467 260 . 07 • 03 20 
17221 - 1 3702 8 . 6 K2 19 15 27 . 547 309.75 - . 12 - 1 
17223 63 1504 8 . 1 KO 19 15 36 . 992 55 . 96 - . 66 63 
17233 33 3403 8 . 3 KO 19 16 20 . 963 222.01 • 06 34 

17240 58 1891 8 . 6 F5 19 16 54 . 862 100 . 22 -.35 58 
17242 84 437 8 . 6 K5 19 16 58 . 815 1050.41 -41 . 34 84 
17248 49 2976 7.3 MO 19 17 11.890 156.32 - . 07 5ù 
17254 5 4115 7 . 9 G5 19 17 33 . 407 295.20 - . 07 5 
17268 43 3215 7 . 9 KO 19 18 16 . 086 188 . 01 . 02 43 

17287 3 3990 8 . 6 F8 19 19 54 . 369 300 . 21 - . 09 3 
17289 39 3740 7 . 5 KO 19 20 19 . 569 204 . 28 . 04 39 
17304 62 1704 8 . 0 K2 19 21 15 . 757 64 . 51 - . 65 62 
17307 48 2890 8 . o K5 19 21 26 . 119 164 . 30 - . 05 48 
17308 15 3796 8 . 6 K2 19 21 26 . 671 272 . 21 . Où 15 

17310 11 3826 7 . 6 KO 19 21 42 . 592 282 . 21 -.03 11 
17313 56 2238 7 . 7 K5 19 21 57 . 025 115 . 19 - . 28 56 
17324 28 3319 7 . 7 KO 19 22 21 . 931 239 . 47 • 05 28 
17338 43 3231 s . o G5 19 23 14 . 084 189 . 12 . 02 43 
17339 60 1943 7 . 5 KO 19 23 25 . 481 88.87 - .47 60 

17350 35 3614 7 . 2 M2 19 24 9 . 976 216.44 . 06 36 
17357 72 891 8 . 1 K5 19 24 39 . 123 -87 . 47 -2 . 72 72 
17369 1 4004 7 . 6 K2 19 25 20 . 308 302.82 - . 11 2 
17374 77 730 8 . 7 KO 19 25 30 . 773 -268 . 53 -6 . 93 77 
17378 32 3441 8 . 2 K2 19 25 45 . 710 226 . 85 .06 32 

17383 52 2431 8 . 5 FO 19 25 53 . 862 144 . 12 - . 14 52 
17389 47 2837 7 . 6 KO 19 26 19 . 454 172.05 - . ü3 47 
17405 79 629 7 . 9 F5 19 27 21 . 499 -373 . 82 -10 . 46 79 
17416 20 4167 8 . 5 KO 19 28 20 . 256 260 . 68 . 03 20 
17422 31 3631 7 . 3 K2 19 28 40 . 538 230 . 38 . 06 31 

17433 13 4039 8 . 1 K2 19 29 24 . 197 277 . 63 - . 02 13 
17453 63 1534 7 . 7 K2 19 30 54 . 464 52.62 - . 87 64 
17461 69 1052 7 . 7 KO 19 31 16.402 -20 . 66 -1 . 82 69 
17474 24 3780 8 . 6 A2 19 31 58 . 778 251 . 33 .04 24 
17480 74 828 8 . 5 A5 19 32 23 . 317 -140.74 -4 . 14 74 

17486 19 4066 8 . 5 K5 19 32 40 . 349 262 . 75 • 02 19 
17487 14 3965 8 . 5 A2 19 32 55 . 380 275.86 - . 02 14 
17491 62 1730 7 . 3 KO 19 33 10 . 906 71. 56 - . 70 62 
17498 44 3179 8 . 3 MO 19 33 46 . 815 186 . 02 • 01 44 
17505 - 4 4855 8 . 3 K5 19 34 6 . 765 316.78 - . 20 - 4 

17524 27 3446 7 . 9 KO 19 35 8.428 242.11 • 05 28 
17529 12 3995 7 . 9 KO 19 35 27.329 279.51 -. 03 12 
17540 0 4266 8 . 3 K5 19 36 13.964 306.28 -.14 0 
17542 42 3403 8 . 6 F5 19 36 19 . 835 193.22 • 02 43 
17545 2 3950 a. a A2 19 36 32.188 302.37 -.12 2 

17552 10 4006 8 . 7 MO 19 36 57 . 957 285.25 - . 05 10 
17554 58 1948 8 . 2 K5 19 37 8.829 109 . 27 -.40 58 
17570 34 3655 8.2 K2 19 38 21.602 221 . 83 . 06 35 
17593 50 2844 7 . 8 G5 19 39 53 . 122 161.64 -.09 50 
17627 4 4210 7 . 7 K5 19 42 2.975 297 . 07 -.11 4 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

1 
28 

6 
18 

2 

39 
41 

8 
29 
27 

14 
23 
42 
47 
39 

20 
55 
28 
25 
14 

5 
29 

4 
41:l 
54 

41 
25 
40 
38 
52 

30 
10 
25 
28 
39 

56 
22 
30 
42 
24 

4 
49 
29 

5 
19 

16 
24 

7 
15 
51 

Precession 
1950 1st 2nd 

Term Term 

43.73 641.4 19.1 
14.94 641.8 17. 8 

1.29 648 . 0 21 . 2 
9.25 649.3 3.7 

38 . 86 655 . 4 15.2 

8.01 660.1 6.8 
30.75 660 . 7 -72.4 

6 . 07 662.4 10 . 6 
37 . 72 665 . 4 20 . 2 
43.84 671.3 12 . 8 

31 . 37 684.7 20.4 
27.09 688.2 13.8 
13 . 9:; 695.9 4.3 
16 . 22 697.3 11.1 
41.20 697.4 18.4 

32 . 99 699.5 19.1 
8 . 06 701 . 5 7 . 7 

51 . 70 704.9 16.2 
19 . 92 712.0 12 . 7 
57.95 713 . 6 5.9 

8 . 18 719 . 6 14 . 6 
0 . 44 723 .6 -6.1 

17 . 45 729. 2 20.4 
21.00 730.6 -lb.4 
20 . 57 732 . 6 15.2 

50 . 59 733.7 9.6 
59.58 737 . 2 11.5 
49 . 26 745.6 -25.4 
35 . 61 753.5 17.5 
26.53 756.3 15.4 

43.64 762.2 18 .6 
45.86 774.3 3.4 

8.45 777. 3 -1. 6 
40 . 29 783. 0 16.7 
38.85 786.2 -9.6 

39.32 788.5 17.4 
34.90 790.6 11:l. 3 

7 . 74 792.6 4.6 
1.13 797.4 12.3 

44. 05 800.1 21.0 

30.15 808.3 16. 0 
29.26 810.9 18.5 
26.78 817.1 20 .2 
14.95 817. 8 12.7 
34.n 819.5 19.9 

20 .36 822 .9 18.8 
39.27 824.4 7.1 
54.74 834.0 14.5 
36.85 846.1 10.5 
30.01 863 .3 19 .4 

161 

No. Epoch 
Obs. 1900+ 

2 57.59 
2 58. lL 
2 57.60 
2 58.14 
2 59.47 

2 57.56 
2 58.02 
2 57.lL 
2 5ti.1L 
2 57.06 

2 57.61 
2 57.66 
2 57.56 
2 57 .11 
2 58.U6 

2 58.49 
2 58 . 57 
2 51:l.60 
2 57.61 
2 59.02 

2 58.05 
2 5 8 .04 
2 58.12 
2 58.06 
2 57.15 

2 59 . 03 
2 58.55 
2 58.58 
2 57.67 
2 57.65 

2 5b.06 
2 58.04 
2 57.15 
2 57.52 
2 57.58 

2 57 . 67 
2 59.03 
2 57.59 
2 57.60 
2 57.60 

2 57.60 
2 58.u7 
2 58.50 
2 57.12 
2 58.06 

2 57 . 66 
2 57 .11 
2 57.06 
2 57. 11 
2 57.11 



162 P UB LICATIONS OF THE DOMINION OBSERVATORY 

P r ecess ion 

No. B.D. No. M + Sp . R . A. 1950 1st 2nd Decl. 

Term T e rm 

17628 64 1377 8 . 5 GO 19 42 5 • 792 53 . 67 -. 99 64 
17632 - 3 4696 7 . 4 KO 19 42 32 . 62-.J 313 . 97 -. 20 - 3 
17633 70 1085 8 . 9 FO 19 42 32 . 655 - 39 . 17 - 2 . 42 70 
17650 68 l07tl tl • 5 K 19 43 23 . 350 - 9 . 68 - 1 . 92 69 
17656 55 2257 7 . 4 MO 19 43 54 . 598 131 . 08 -. 27 55 

17659 24 3872 8 . 0 G5 19 44 7 . 915 251 . 23 . 04 25 
17660 35 3791 8 . 0 K2 19 44 8 . 639 222 . 23 . 06 35 
17665 37 3600 8 . 2 KO 19 44 30 . 343 215 . 16 . 06 37 
17669 45 2971 7 . 5 KO 19 44 44 . 920 184 . 83 o . oo 45 
17681 58 1981 7 . 8 GO 19 45 17 . 225 113 . 85 -.40 58 

17686 28 3478 8 . 1 G5 19 45 26 . 565 242 . 70 • 06 28 
17688 9 4264 8 . 2 K5 19 4 5 33 . 728 286 . 41 -. 06 9 
17701 - 4 4926 7 . 8 AO 19 46 17 . 908 316 . 99 -. 23 - 4 
17708 14 4053 8 . 1 G5 19 46 59 . 279 275 . 18 -. u2 15 
17711 6 4323 8 . 6 F8 19 47 12 . 755 292 . 32 -. 09 7 

17713 61 1912 6 . 8 K5 19 47 24 . 323 89 . 72 -. 63 61 
17714 72 911 7 . 9 KO 19 47 28 . 277 - 67 . 03 - 3 . 13 72 
17718 32 3587 8 . 0 A2 1 9 4 7 47 . 173 229 . 53 . 07 33 
17727 44 3265 8 . 4 KO 19 48 25 . 168 188 . 29 . 0 1 45 
17731 48 2959 7 . 8 K2 19 48 46 . 003 174 . 10 -. 04 48 

17743 - 2 5136 8 . o K2 19 49 27 . 847 312 . 06 -. 20 - 2 
17751 50 2904 7 . 8 KO 19 50 12 . 070 162 . 88 -. 09 50 
17752 25 4006 8 . 8 MO 19 50 17 .4 05 249 . 99 • 05 2 5 
17757 68 1084 8 . 7 A3 19 50 36 . 551 7 . 30 -1. 78 68 
17762 65 1409 7 . 7 G5 19 50 49 . 682 48 . 73 - 1 .1 5 65 

17769 11 4035 8 . 5 KO 19 51 20 . 163 283 , 34 -. os 11 
17773 35 3850 7 . 6 G5 19 51 32 . 372 221 . 31 • 07 36 
17787 48 2979 8 . 1 KO 19 52 35 . 018 171 . 27 -. 06 49 
17793 15 3985 8 . 3 K2 19 52 49 . 922 275 . 08 -. c2 15 
17801 78 694 7 . 9 K5 19 53 21 . 453 - 270 . 37 - 9 . 66 78 

17808 60 2046 6 . 8 K5 19 54 0 , 136 99 . 93 -. 57 6 0 
17812 82 598 7 . 8 G5 19 54 18 . 902 -563 . 26 - 24 . 72 82 
17815 62 1769 8 . 1 G5 19 54 25 . 979 75 . 14 -. 85 63 
17816 - 1 3864 8 . 0 K2 19 54 26 . 479 309 . 62 -. 19 - 1 
17818 16 4073 8 . 4 AO 19 54 31 . 279 273 . 09 -. 01 16 

17831 53 2328 8 . 1 K2 19 55 17 . 315 148 . 26 -. 18 53 
17832 21 3987 s . o KO 19 55 18 . 667 260 . 93 • 03 21 
17839 - 3 4757 1 . 0 K5 19 55 55 . 098 314 . 86 -. 24 - 3 
17850 36 3794 8 . 8 A 19 56 44 . 864 220 . 03 • 07 36 
17851 55 2291 8 . 4 KO 19 56 49 . 464 133 . 85 -. 29 56 

17853 45 3022 8 . 9 K2 19 56 52 . 720 189 . 61 . 01 45 
17855 25 4050 7 . 7 K5 19 56 58 . 105 250 . 84 . os 25 
17877 34 3832 7 . 7 K2 19 58 26 . 271 225 . 32 . 07 35 
17888 69 10tl5 7 . 8 G5 19 59 14 . 254 - 15 . 29 - 2 . 39 70 
17891 29 3857 7 . 4 KO 19 59 31 . 523 240 . 23 • 07 30 

17895 43 3453 7 . 9 KO 19 59 36 . 868 194 . 98 . 04 44 
17897 42 3563 7 . 6 MO 19 59 42 . 235 199 . 01 • 04 43 
17900 17 4197 8 . 2 KO 19 59 57 . 079 271 , 11 . oo 17 
17902 - 3 4 771 8 . 1 G5 20 0 0 . 101 314 . 37 -. 24 - 3 
17903 20 4389 8 . 5 AO 20 0 6 . 047 263 . 41 • 02 20 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term ) + T ' (P. M. )

T in centuries from 1900. 0, T' in centuries from epoch. 

34 
9 

49 
13 
43 

2 
19 
32 
36 
14 

21 
54 
37 

4 
10 

17 
20 

8 
1 

15 

16 
38 
4 9 
28 
25 

28 
3 
6 

18 
29 

28 
19 
11 

7 
16 

38 
37 
41 
48 

5 

16 
51 
13 
14 

4 

7 
5 

22 
28 
47 

1950 

32 . 35 
25 . 73 
45 . 68 
36 . 40 
30 , 69 

38 .1 0 
43 . 06 

5 . 68 
44. 86 
34 . 03 

4 0 . 86 
52 . 88 
18 . 42 
39 . 66 
24.14 

6 . 99 
19 . 34 
59 . 00 
26 . 03 
49 . 06 

57 . 35 
38 . 16 
5 7. 09 
17 . 93 

3 . 39 

39 . 50 
59 . 03 
37. 33 
52 . 10 
36 . 43 

54 . 71 
25 . 91 
48 . 87 
18 . 29 
26 . 94 

58 . 19 
17 . 65 
23 . 94 
32 . 31 
10 . 39 

8 . 40 
4 . 88 

11 . 92 
1 . 15 

43 . 07 

29 . 17 
16 . n 
30 . 44 
58 . 44 

9 . 46 

Preces sion 

1st 2nd 
No. Epoch 

Term Te rm Obs. 190o+ 

863 . 6 3 . 3 2 57 . u7 
867 . 1 20 . 4 2 57 . 15 
867 . 1 - 2 . 8 2 58 . 05 
873 . 8 -. 8 2 5 8 . 56 
877 . 9 8 . 4 2 57 . 66 

8 7 9 . 6 16 . 3 2 5 7. 51 
879 . 7 14 . 4 2 57 . U6 
882 . 6 13 . 9 2 57 . 12 
884 . 5 11 . 9 2 58 . ù6 
888 . 7 7 . 3 2 58 . ü6 

889 . 9 15 . 7 2 58 . 59 
890 . 9 18 . 5 2 58 .1 3 
896 . 6 20 . 5 2 57 . 15 
902 . 0 17 . 7 2 57 . 61 
903 . 8 18 . 8 2 57 . 66 

905 . 3 5 . 6 2 59 . 02 
905 . 8 - 4 . 6 2 57 . 06 
908 . 2 14 . 7 2 58 . 06 
913 . 2 12 . 0 2 57 . 11 
9 1 5 . 9 11. 1 2 57 . 97 

92 1. 3 20 . 0 2 57 . 69 
927 . 0 10 . 3 2 58 . 04 
927 . 7 16 . 0 2 5 7. 60 
930 . 2 . 3 4 58 . 80 
93 1. 9 2 . 9 2 58 . 56 

935 . 8 18 . 1 2 59 . 03 
937 . 4 14 . 1 2 58 . 15 
9 4 5 , 4 10 . 8 2 57 , 15 
947 . 4 17. 5 2 58 .1 4 
951 . 4 -1 7 . 5 2 58 . 13 

956 . 4 6 . 2 2 5 7 , 06 
958 . 8 - 36 . 3 2 58 . 06 
959 . 7 4 . 6 2 57 . 59 
959 . 7 19 . 6 2 5tl . 94 
960 . 3 17 . 3 2 57 . 61 

966 . 2 9 . 3 2 57 . 67 
966 . 4 16 . 5 2 58 . 5tl 
971 . 0 19 . 9 2 58 . 14 
977 . 4 13 . 8 2 58 , 14 
978 . 0 8 . 3 2 58 . 05 

978 . 4 11. 9 2 58 . 05 
979 . 1 15 . 7 2 57 , (;3 
990 . 3 14 . l 2 57 . 59 
996 . 3 - 1. 2 2 5 7 . 58 
998 . 5 15 . 0 2 58 . 05 

999 . 2 12 . 1 2 56 . 57 
999 . 9 12 . 4 4 58 . 55 

1001 . 8 16 . 9 2 58 . 15 
1002 . 2 19 . 6 2 57 . 70 
1002 . 9 16 . 4 2 58 . 14 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No . B. D. No. M + Sp . R. A. 1950 1st 2nd Decl. 

Term Term 

17906 34 3846 8 . 3 K5 20 0 9 . 797 228 . 33 . os 34 
1 7907 - 1 3885 8 . 6 KO 20 0 10 . 439 308 . 83 -. 20 - 0 
17909 71 991 7 . 6 K5 20 0 42 . 331 - 43 . 18 -3 . 04 71 
17911 61 1961 7 . 6 KO 20 0 55 . 147 90 . 09 -. 73 62 
17915 18 4366 8 . 8 K2 20 1 5 . 571 268 . 53 . 01 18 

17926 37 3744 7 . 1 MO 20 1 51 . 091 216 . 74 • 08 38 
17945 25 4093 8 . 9 K2 20 3 7 . 029 253 . 0l . os 25 
17967 85 340 7 . 8 K3 20 4 4 . 630 1187 . 89 - 87 . 60 85 
17972 87 187 8 . 1 KO 20 4 29 . 801 2658 . 11-365 . 59 87 
17973 16 4145 7 . 8 KO 20 4 33 . 283 272 . 96 -. 01 16 

17990 73 898 8 . 4 MO 20 5 54 . 611 -72 . 81 -3 . 95 73 
17991 22 3936 8 . 9 KO 20 5 57 . 939 258 . 69 . 04 23 
17996 9 4414 7 . 4 KO 20 6 9 . 280 287 . 44 - . 08 9 
18009 45 3066 7 . 9 G5 20 6 32 . 272 191 . 98 . 02 45 
18025 42 3613 8 . 9 K2 20 7 37 . 168 201 . 12 . os 43 

18040 8 4369 7 . 3 MO 20 8 55 . 381 290 . 30 -. 09 8 
18043 5 4441 7 . 5 K5 20 8 58 . 851 295 . 60 - . 12 5 
18059 46 2870 7 . 9 G5 20 9 52 . 943 187 . 42 . 01 46 
18060 10 4205 8 . 3 K2 20 10 4 . 095 285 . 21 -. 06 11 
18064 14 4223 8 . 1 KO 20 10 28 . 663 276 . 80 - . 02 15 

18065 19 4322 7 . 9 K2 20 10 39 . 979 267 . 73 . 02 19 
18074 17 4257 8 . 2 K2 20 11 26 . 766 270 . 81 . oo 18 
18075 27 3652 8 . 3 A2 20 11 32 . 142 248 . 14 . 07 27 
18079 - 0 3949 8 . 3 A5 20 11 46 . 198 307 . 34 -. 21 - 0 
18089 20 4488 8 . 8 G5 20 12 16 . 191 265 . 46 . 03 20 

18091 2 4121 7 . 3 KO 20 12 22 . 880 300.97 - . 16 3 
18113 43 3541 7 . 3 K5 20 13 46 . 936 199 . 72 • 06 43 
18120 56 2382 8 . 6 A2 20 14 17 . 587 137 . 72 -. 30 56 
18126 74 853 8 . 8 KO 20 14 38 . 070 -91 . 13 - 4 . 84 74 
18140 72 945 6 . 6 MO 20 15 18 . 718 -43 . 66 -3 . 51 72 

18149 9 4476 8 . 3 K2 20 15 56 . 915 288 . 80 - . 08 9 
18163 61 1996 7 . 9 KO 20 16 30 . 973 99 . 47 - . 72 61 
18167 - 4 5090 8 . 5 F5 20 16 42 . 052 314 . 89 - . 27 - 3 
18182 77 770 7 . 4 KO 20 17 28 . 327 -205 . 69 - 9 . 27 77 
18197 33 3864 8 . 0 G5 20 18 33 . 268 234 . 12 . 10 33 

18201 21 4167 7 . 8 K5 20 18 48 . 880 264 . 37 . 04 21 
18214 51 2848 7 . 2 K5 20 19 51 . 062 165 . 90 - . 09 52 
18218 21 4179 8.9 AO 20 20 18 . 911 262 . 74 • 04 22 
18237 - 1 3971 7 . 7 KO 20 21 34 . 672 308.71 - . 22 - 0 
18240 33 3885 8 . 2 A2 20 21 36 . 732 233 . 27 . 11 34 

18247 - 1 3976 8 . 0 KO 20 22 6 . 371 310 . 56 - . 24 - 1 
18255 25 4226 7 . 9 K5 20 22 28 . 770 254.93 • 07 25 
18271 14 4293 7 • I+ K 5 20 23 39 . 881 278 . 78 - . 02 14 
18277 75 739 8 . 1 ~~2 20 23 50 . 113 -122 . 63 -6 . 39 75 
1827R 60 2125 8 . 1 .".2 20 24 5 . 988 111 .29 -.61 61 

18280 1 4289 8 . 1 K5 20 24 8 . 596 304.02 -.19 1 
18291 53 2405 8 . 0 K2 20 24 59 . 943 161.04 -.13 53 
18319 9 4546 8 . 0 MO 20 26 33 . 700 288.ll - . 07 10 
18321 21 4225 8 . 6 ~o 20 26 34 . 590 264 . 12 .os 21 
)8328 - 4 5153 s . o K5 20 27 3 . C?.2 315 . 47 - . 29 - 4 

Pos ition 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

19 
44 
45 

0 
34 

11 
19 
37 
47 
43 

18 
7 

54 
23 

6 

34 
55 
46 

6 
10 

23 
1 

48 
0 

29 

15 
59 
43 
24 
27 

29 
58 
54 
52 
39 

21 
15 
10 
43 
12 

42 
45 
46 
52 

8 

45 
3·1 

9 
56 
21 

Precession 
1950 1st 2nd 

Term Term 

58 . 2 0 1003.4 14 . 2 
49 . 93 1003 . 5 19 . 3 
37 . 95 1007 . 5 -2.9 
45 . 98 1009 . 1 5.5 
53.09 1010.4 16.7 

7 . 42 1016 . 1 13 . 4 
18 . 42 1025 . 6 15.6 
15 . 27 1032 . 9 -74.4 
27 . 57 1035 . 8-166 . l 
30 . 55 1036 . 5 16 . 8 

45 . 41 1046 . 6 -4 . 8 
3 . 21 1047 . 0 15 . 9 

25 . 33 1048 . 3 17 . 6 
47 . 32 1051 . 2 11 . 7 
56 . 04 1059 . 3 12 . 2 

3 . 00 1068 . 9 17 . 7 
21 . 05 1069 . 3 18 . 0 

4 . 93 1076 . 0 11 . 3 
25 . 02 1077 . 4 17 . 3 
43 . 69 1080.4 16 . 8 

34 . 01 1081 . 8 16.2 
19 . 48 1087 . 5 16.3 
38 . 71 108 8 . 2 15 . 0 
30 . 18 1090 . 0 18 . 6 
58 . 13 1093 . 6 16 . 0 

12 . 14 1094 . 4 18.2 
5 . 32 1104 . 6 11.9 

10 . 98 1108 . 4 8.1 
16 . 21 1110 . 9 -5.8 

2 . 63 1115.8 -2.9 

35.07 1120 . 4 17 . 2 
53 . 83 1124. 5 5.8 
42 . 58 1125. 8 18.7 

0.68 1131 . 4 -12 . 6 
30 . 75 1139 . 2 13.8 

29 . 93 lltil.l 15.6 
2 . 00 1148 . 5 9.7 

58 . 85 1151.8 15.4 
47 . 40 1160.9 18.1 
54 . 77 1161.1 13.6 

15 . 77 1164.6 18 . 2 
11 . 1+5 1167.3 14.9 
42.96 1175.7 16 . 2 
50.11 1176.9 -7.5 

2 . 46 11 78. 8 6-3 

3 . 78 11 79. 1 17.7 
29.09 1185.1 9.2 
50.82 1196.1 16.6 
51.82 1196.2 15.2 

1.41 1199.6 18.2 

163 

No. Epoch 
Obs. 1900+ 

2 57 . 73 
2 58.15 
2 58.06 
2 59 . ù4 
2 58 . 59 

2 57 . 56 
2 57 . 61 
2 58 . 59 
2 58.18 
2 56 . 57 

2 57 . 58 
2 57.61 
2 57 . 11 
L 57 . 10 
3 57 . 95 

2 57 . 60 
4 58 . 34 
2 57 . 67 
2 58 . 12 
2 58 . 13 

2 57 . 68 
2 58 . 5 9 
2 5 8 . 15 
2 58 . 14 
2 58.10 

2 58 . 14 
2 57 . 67 
2 58.59 
2 58 . 13 
2 57 . 67 

2 57.57 
2 57 . 14 
2 57.66 
2 57.12 
2 58 . 05 

2 57 . 06 
3 57.58 
2 57.05 
2 58.05 
2 57 . 59 

2 58.13 
2 57 . 56 
2 57 . 56 
3 57.63 
2 58.04 

2 57.59 
2 57 . 10 
2 57 . 59 
2 58.58 
2 57.66 
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Precess ion 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

1833? 24 4145 7 . 6 K5 20 27 13.110 257 . 65 • 07 24 
18336 67 1252 H. 2 KO 20 27 33 . 291 46.63 -1.68 67 
18338 - 1 398l:l !:S . 4 K5 20 27 39 . 922 309 . 83 -. 24 - 1 
)8358 40 4211 7 . 1 K2 20 29 18 . 756 215 .9 8 • 11 40 
18365 15 4185 l:l . 1 G5 21) 29 36 . 125 277 . 41 - . 01 15 

18368 l 4309 7 . 6 K2 20 29 45 . 927 303 . 53 -. 19 2 
18383 9 4570 8 .4 K2 20 30 29.331 289 . 36 -. 08 9 
18390 0 4536 8 . 0 KO 20 31 4 . 355 305 . 30 -. 20 1 
18398 14 4143 7 . 7 KO 20 31 38 . 178 279 • 99 -. 02 14 
18402 38 '+ 149 8 . 8 t\O 20 31 51 . 200 223 . 04 . 13 38 

18409 10 4325 8 . 1 K2 20 32 2 . 921 286 . 60 -.06 11 
18410 24 4165 8 . 9 /12 20 32 2 . 930 259 . 02 • 08 24 
18416 6 4580 8 . 4 K5 20 32 39 . 248 294 . 26 -.12 7 
18417 49 3317 7 . 0 K5 20 32 44 . 365 183 . 92 . 02 49 
18420 1 4327 7.7 KO 20 34 11 . 077 303 . 09 -. 19 2 

18436 - 1 4015 7 . 4 G5 20 34 35 . 792 310 . 03 -. 25 - 1 
18437 21 4285 7.7 K2 20 34 46 . 221 266 . 47 . os 21 
]8448 19 4254 8 . 3 K2 20 35 34.887 221.20 . 14 39 
18453 ,4 4098 7 . 6 K2 20 35 45 . 517 234 . 49 .14 35 
18450 25 4308 8 . 7 20 % 11 . 913 258 . 02 . 09 25 

18460 32 3886 7 . 4 KO 2C 36 12 . 971 239 . 49 • 13 33 
18462 63 1640 7 . 6 K5 20 36 22 . 060 92 . 95 -. 95 64 
18480 27 3820 7 . 5 K5 20 37 23 . 398 252.59 • 11 27 
18482 60 2145 7 . 7 FB 20 37 27 . 154 122.93 -. 53 60 
18505 58 2156 8 .4 K7 20 38 50 .1 03 138 . 16 -.35 58 

18514 11 4355 7 . 8 1(2 20 39 18 . 013 286 . 66 -. 06 11 
18519 37 4026 7.9 K2 20 39 47 . 870 227 . 13 . 15 38 
18520 9 4616 A.4 K2 20 39 57 . 483 288 . 74 -. 07 10 
18539 43 3695 9 . 0 KO 20 41 23.929 209 . 37 • 12 43 
18541 72 962 7 . 2 K2 20 41 33 . 401 -21.32 -3.71 72 

18550 26 3970 8 . 2 KO 20 41 48 . 048 254 . 91 • 11 27 
18552 32 3913 s . 2 K2 20 41 50 . 633 241 . 51 . 14 32 
18570 31 4210 7.4 K2 20 43 10.572 245.12 . 14 31 
18575 22 4176 7.7 G5 20 43 27 . 807 264 . 78 • 08 22 
18578 30 4169 8.3 K2 20 43 45 . 760 247.93 . 14 30 

18593 15 4256 8 . 7 MO 20 44 59 . 407 277 . 91 • 01 16 
18609 59 22i35 8.3 K2 20 45 59 . 849 134.58 -.41 59 
18610 28 38B8 8 . Q KO 20 46 4 . 062 253.36 . 13 28 
18613 0 4589 7 . 9 K2 20 46 9.071 304 . 98 -. 21 1 
1862] 4 4552 8 . 2 KO 20 46 43 . 358 298.88 -. 15 4 

18624 41 3897 7 . 2 G5 20 46 53.306 218 . B6 .1 7 41 
18636 1 4374 7 . 4 K5 20 47 26.991 303 .4 3 -. 19 2 
18641 11 lf 397 8 • if AO 20 47 48 . 620 286 .39 - . 04 11 
18646 50 1209 7 .1 K5 20 47 59 . 792 186.45 • 06 50 
18669 22 4223 7.0 K5 20 49 37.llJ 265.16 • 09 23 

18683 - 0 4121 8 . 2 K2 20 50 53 . 485 307.J9 -.23 0 
18690 0 4610 8 . 2 K5 20 51 26 . 282 305 .22 -. 21 1 
18702 10 4403 8 . 2 KO 20 51 56 . 707 288 . 53 -.06 10 
l 8714 53 2514 7.6 K5 20 52 54 . 013 175. 39 -. 01 53 
18719 19 4564 7.4 1(2 20 53 17 . 218 271 . 54 . 07 20 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epoch. 

54 
42 
20 
41 
44 

2 
37 

5 
32 
39 

8 
39 

5 
36 
19 

29 
23 
37 

1 
24 

10 
11 
54 
44 
42 

23 
3 

17 
53 
47 

16 
55 
35 
50 
28 

19 
54 
20 
20 
50 

34 
14 
53 
35 

l:l 

8 
14 
53 
34 
12 

1950 

22 . 49 
36 . 69 
29 . 23 
16.1 0 
33 . 79 

58 . 72 
58 . 91 
50 . 72 
27 . 31 
45.13 

18 . 00 
1.27 

24 . 74 
1. 14 

16.46 

11 . 53 
39 . 32 
5 0 . 30 
25 .1 6 
51 . 54 

27 . 87 
4 .54 

40.48 
28 .7 0 
57 . 31 

12 . 84 
34 . 39 
34 . 70 
20 . 30 
39 . 08 

21 . 60 
14.06 
27 . 99 

3 . 28 
29 . 84 

14 . 23 
56 . 68 
37 . 47 
30 .1 6 
20 . 24 

36 . 87 
48 . 65 
46 . 80 
47 . 26 
32 . 78 

9 . 38 
'2 . 0 3 
4 . 90 

32 . 20 
32 . 20 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

1200 . 7 14.8 2 57 . 16 
1203 . 1 2 . 5 2 58 . 04 
1203.8 17.8 2 58 . 04 
1215.3 12.3 2 57 . 67 
1217 . 4 15.8 4 58 . 84 

1218.4 17. 3 2 58.14 
1223.5 16.4 3 57 . 95 
1227 . 5 17 . 3 4 59 . 57 
1231.4 15.9 2 58 . 50 
1232 . 9 12.6 4 58 . 64 

1234 . 3 16.2 2 58 . 22 
1234 . 3 14.6 3 58 . 25 
1238 . 4 16.6 2 5 7. 56 
1239 . 0 10.3 2 57 . 60 
1248 . 9 17.0 2 58.06 

1251.7 17 .4 2 58 . 05 
1252 . 9 14.9 2 57 . 69 
1258 . 5 12.3 2 58 . 12 
1259.7 13 . 0 2 58.05 
1262.7 14 . 3 2 58 .14 

1262.8 13.3 4 58.l:l9 
1263.8 5.0 2 57.59 
1270.7 14.0 2 57.10 
1271. 2 6 .7 3 58.89 
1280 . 5 7.5 2 57.12 

1283 . 6 15.8 2 57.21 
1287.0 12.4 2 57.14 
1288.0 15.8 2 57 .5 9 
1297 . 7 11.4 2 57 . 60 
1298.7 -1.5 2 57.09 

1300 . 3 13 . 9 2 58.58 
1300 . 6 13.1 2 57.05 
1309 . 5 13.2 2 57 . 24 
1311.4 14.3 2 57 . 61 
1313.3 13 . 4 2 56 . 61 

1321 . 4 14 . 9 2 58 .1 4 
1328.0 7 . 1 2 58 . 60 
1328 . 5 13.5 2 57 . 60 
1329.1 16 . 4 2 57 . 22 
1332 . 8 16 . 0 2 58 . 21 

1333.9 11 . 6 2 57 . 66 
1337.5 16 . 2 2 57 . 61 
1339.9 15 . 2 2 57 . 14 
1341.1 9 . 8 2 57 . 20 
1351.6 14 . 0 2 57 . 59 

1359 . 8 16 . 2 2 58 . 13 
1363 . 3 16 . 0 2 57 . 60 
1366.5 15.1 2 57 . 05 
1372 . 7 9 . 0 4 58 . 87 
1375.1 14 . 1 2 57 . 12 



RESULTS OF OBSERVA TIONS MADE WITH THE REVERSIB LE MERID IAN CffiCLE, 1956-1961 

P rece ssion 
No. B.D. No. M + Sp . R.A. 1950 1st 2nd Decl. 

Te rm Term 

18720 2 4275 8 . 5 A5 20 53 19 . 208 301.89 -. 17 3 
1873 1 69 1 136 8.1 KO 20 54 0 . 617 44 . 54 - 2 . 16 69 
18738 59 2296 7 . 6 K5 20 54 24 . 509 140 . 88 -. 34 59 
18752 - 3 5076 8 . 2 MO 20 54 52 . 650 313 . 12 - . 30 - 3 
18754 22 4248 8 . 6 KO 20 55 0 . 196 266 . 98 . 10 22 

18762 32 3999 8 . 2 A2 20 55 34 . 599 244 . 54 . 18 33 
18769 5 4659 8 . 7 K2 20 55 56 . 895 298 . 25 -. 14 5 
18774 50 3236 8 . 8 GO 20 56 29 . 444 190 . 23 . 09 50 
18776 40 4373 7 . 0 K5 20 56 35 . 329 223 . 50 . 20 4 1 
18782 - 2 5421 8 . 0 KO 20 56 56 . 462 310 . 11 -. 26 - 1 

18785 67 1279 7 . 3 K5 20 57 12 . 393 75 . 68 -1.46 6 7 
18802 24 4299 8 . 7 KO 20 58 4 1. 767 263 . 69 .1 2 24 
18803 - 3 5092 8 . 0 GO 20 58 46 . 505 311 . 82 -. 28 - 2 
18809 85 359 8 . 4 A3 20 59 1 . 050 - 947 . 36 - 99 . 57 85 
18816 - 0 4 148 8 . 8 G5 20 59 31 . 662 307 . 68 -. 24 - 0 

18819 51 2982 7 . 4 K2 20 59 36 . 360 186 . 45 • 08 5 1 
18821 73 922 8 . 4 KO 20 59 52 . 679 - 24 . 29 - 4 . 45 74 
18823 36 4375 7 . 7 G5 20 59 59 . 586 237 . 41 . 22 36 
18825 17 4492 8 . 1 KO 21 0 8 . 984 277 . 09 • 0 5 17 
18828 49 3440 8 . 3 K2 21 0 15 . 420 197 . 05 .14 49 

18840 28 3970 7 . 6 KO 21 0 47 . 990 255 . 60 • 1 7 28 
18859 2 4296 8 . 4 AO 21 2 10 . 895 303 . 10 -. 18 2 
18864 7 0 1158 8 . 4 KO 21 2 38 . 955 31 . 20 - 2 . 69 71 
18869 - 4 5355 7. 2 K5 21 2 54 . 646 314 . 77 -. 32 - 4 
188 7 0 41 3993 8 . 4 KO 21 2 55 . 492 222 . 49 . 23 42 

18877 16 4454 8 • 1 K5 21 3 18 . 267 279 . 42 . 04 16 
18886 46 3174 7 .7 K5 21 3 51 . 326 208 . 55 . 20 46 
18890 27 3970 8 . 8 AO 21 4 9 . 920 257 . 57 • 17 28 
18892 25 4463 8 . 0 K5 21 4 17 . 917 263 . 18 . 14 25 
113903 8 4616 7. 7 KO 21 5 0 . 883 292 • 54 -. 07 9 

18914 54 2476 7 . 9 KO 21 5 48 . 356 176 . 82 • 03 54 
18917 12 4553 8 . 1 KO 2 1 6 0 . 069 285 . 72 -. 0 1 13 
18 9 34 38 4362 7 . 3 K2 21 7 10 . 914 234 . 50 . 24 38 
1895 1 36 4447 7 . 8 K2 21 8 42 . 197 238 . 15 . 24 37 
18953 25 4477 8 . 7 AO 21 8 47 . 464 263 . 02 • 16 26 

18962 8 4627 8 . 8 AO 21 9 34 . 291 293 . 69 -. os 8 
18964 22 4331 7 . 3 KO 21 9 40 . 177 269 . 18 . 13 22 
18971 35 4431 7 . 3 K2 2 1 9 58 . 257 243 . 07 . 24 35 
18974 39 4479 7 . 6 K2 21 10 16 . 883 231 . 83 . 26 39 
18976 32 4088 7 . 5 KO 21 10 24 . 617 248 . 75 • 23 33 

18980 - 1 4123 7 . 8 K5 21 10 33 . 389 309 . 43 -. 26 - 1 
18981 63 1703 s . o KO 21 10 35 . 959 126 . 20 - . 59 63 
18986 27 4007 7 . 5 K5 21 10 49 . 276 259 . 62 . 18 27 
18989 5 4 7 33 7 . 9 K5 2 1 11 10 . 041 298 . 26 -. 12 5 
18993 - 3 5155 8 . 4 KO 21 11 29 . 44 0 311.96 - . 29 - 2 

19002 4 4631 7 . 6 K5 21 12 0 . 682 300 . 32 -. 15 4 
19008 13 4647 7 . 6 KO 21 12 15 . 413 285 . 17 • 01 13 
19009 21 4501 7 . 6 KO 21 12 18 . 388 271 . 29 • 12 21 
19014 7 4650 8 . 6 K5 21 12 31 . 765 295 . 62 - . 09 7 
19019 - 0 4189 8 . 4 KO 21 12 56 . 824 308.07 -. 24 - 0 

Position 1950 + T = Position 1950 + T (1st term) + Tz (2nd term) + T' (P . M. ). 

T in centuries from 1900. 0, T' in centurie s from epoch. 

12 
45 
49 
25 
41 

6 
23 
40 

9 
39 

34 
40 
42 
40 
12 

56 
5 

30 
4 5 
26 

47 
35 
18 
33 
17 

41 
45 
12 
28 

5 

48 
13 
31 
17 

0 

34 
52 
26 
56 

1 

20 
34 
56 
45 
57 

28 
56 
59 
28 
28 

Preces sioo 
1950 1st 2nd 

Term Term 

2 . 08 1375 . 3 15 . 7 
20 . 85 1379 . 7 2.1 
45 . 55 1382 . 2 7 . 1 
48 . 48 1385 . 2 16.2 

8 . 33 1386 . 0 13 . 8 

25 . 58 1389 . 6 12 . 6 
46 . 17 1391 . 9 15 . 3 
38 . 53 1395 . 4 9 . 7 
46 . 96 1396 . 0 11 . 4 
47 . 37 1398 . 2 15 . 9 

7 . 58 1399 . 8 3 . 6 
5 . 84 1409 . 1 13 . 4 

39 . 24 1409 . 6 15 . 9 
31 . 40 1411 . 2 - 49 . 3 
55 . 61 1414 . 3 15 . 6 

23 . 13 141 4 . 8 9 . 3 
21 . 92 1416 . 5 -1 . 6 
11 . 00 1417 . 2 11 . 9 
20 . 61 1418 . 2 14 . 0 
38 . 96 1418 . 8 9 . 8 

11 . 75 1422 . 2 12 . 8 
0 . 33 1430 . 6 15 . 2 

54 . 29 1433 . 5 1 . 3 
44 . 83 1435 . 1 15 . 7 
22 . 35 1435 . 2 11 . ù 

3 . 63 1437 . 5 13 . 9 
45 . 56 1440 . 9 10 . 3 
42 . 72 1442 . 8 12 . 7 

1 . 44 1443 . 5 13 . 0 
37 . 38 1447 . 9 14 . 4 

5 . 69 1452 . 7 8.6 
13 . 06 1453 . 8 14 . 0 
31 . 68 1460 . 9 11 . 4 
35 . 49 1470 . 0 11 . 5 
45 . 77 1470 . 5 12 . 7 

17 . 18 1475.2 14 . 2 
30 . 73 1475 . 7 13 . 0 
19 . 64 1477 . 5 11.7 
38 . 66 1479 . 4 11.1 
59 . 77 1480 . 1 11.9 

10 . 33 1481 . 0 14 . 9 
27 . 73 1481 . 2 5 . 9 
55 . 32 1482 . 5 12 . 4 
54 . 41 1484 . 6 14 . 3 
33 . 97 1486 . 5 14 . 9 

54 . 69 1489 . 5 14.3 
2 . 79 1491 . 0 13 . 6 
3 . 92 1491.2 12.9 

47 . 52 1492.5 14 - 1 
39 . 34 1495.0 14 . 6 

165 

No. Epoch 
Obs. 1900+ 

2 57 . 14 
2 57 . 12 
2 56 . 65 
2 58 . 58 
4 58 . 88 

2 57 . 20 
4 58 . 91 
2 58 . 60 
2 58 . 13 
2 57 . 59 

2 57 . 09 
2 57 . 66 
2 58 . 05 
2 57 . 59 
2 57 . 15 

2 58 . 05 
2 57 . 56 
2 56 . 69 
3 58 . 07 
2 58 . 57 

2 58 . 60 
2 56 . 70 
2 57 . 66 
2 57 . 60 
2 58 . 13 

2 58 .1 3 
2 58 . 15 
2 57 . 69 
2 56 . 61 
4 58 . 93 

2 58 .1 3 
2 57 . 60 
2 57 . 15 
2 58 . 15 
2 57 . 67 

2 57.15 
2 58 . 05 
2 57 . 15 
2 57 . 59 
2 58 . 22 

2 57 . 68 
2 57.17 
2 59.19 
2 58 . 14 
2 58 . 21 

2 57.15 
2 58.65 
2 57.66 
2 57.68 
2 57 . 6 0 
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Precession 

No. B.D. No. M + Sp. R. A. 1950 1st 2nd Decl. 

Term Term 

19032 10 4500 s.2 MO 21 13 42 . 143 290 . 54 - . 04 10 
19044 11 4528 8 . 5 KO 21 14 23 . 450 288 . 34 -. 02 12 
19047 - 4 5404 8 . 2 KO 21 14 33 . 566 314 . 20 - . 32 - 4 
19058 74 912 8 . 7 F2 21 15 39 . 458 -7 . 44 - 4 . 39 74 
19062 17 4546 1 . 1 K5 21 16 5 . 185 279 . 69 . 01 17 

19067 15 4388 8.7 K5 21 16 21 . 364 282 . 05 • ü5 16 
19078 67 1303 8 . 4 K 21 17 11.278 87 . 76 - 1 . 40 68 
19085 12 4600 7 . 2 K5 21 17 40 . 165 287 . 66 . oo 12 
19087 49 3501 8.7 FO 21 17 42 . 703 205 . 92 . 24 49 
19088 - 2 5507 8.4 G5 21 17 43 . 726 309 . 93 - . 26 - 1 

19089 5 4759 8 . 3 A2 21 17 48 . 674 297 . 69 - . 11 6 
19097 36 4520 l:l.l MO 21 18 12 . 958 242 . 97 • 28 36 
19109 20 4894 7 . 8 K2 21 19 10 . 431 274 . 04 • 12 21 
19115 81 735 8 . 8 KO 21 19 30 . 937 - 272 . 19 - 21 . 40 81 
19116 41 4109 8 . 9 AO 21 19 34 . 062 230 . 67 . 31 41 

19122 23 4296 8 . 9 A3 21 19 42 . 890 269 . 73 • 16 23 
19124 58 2255 8 . 2 G5 21 19 47 . 792 165 . 15 -. 05 58 
19126 19 4692 8 . 4 F5 21 19 57 . 705 276 . 40 • 11 19 
19128 7 4671 s . o KO 21 20 5 . 525 295 . 90 -. os 7 
19134 63 1720 1 . 2 K2 21 20 38 . 258 130 . 64 -. 54 64 

19139 3A 4472 7 . 3 KO 21 20 54 . 790 239 . 35 . 30 38 
19148 13 4694 7 . 5 K2 21 22 16 . 690 285 . 76 . 03 14 
19164 9 4805 8 . 2 K5 21 23 0 . 989 293 . 31 -. os 9 
19171 45 3531 7 . 6 KO 21 23 29 . 836 220 . 50 . 31 45 
19172 54 2536 8 . 3 G5 21 23 33 . 931 186 . 35 . 15 55 

19185 42 4098 s . 1 F5 21 24 30 . 789 229 . 40 • 33 42 
19190 75 788 7 . 4 KO 21 24 36 . 622 - 22 . 79 - 5 . 41 75 
19192 55 2587 8 . 0 K2 21 24 41 . 560 181 . 75 • 12 56 
19202 23 4317 8 . 2 K5 21 25 12 . 805 269 . 94 • 18 24 
19217 41 4153 8 . 8 AO 21 26 30 . 672 233 . 54 . 33 41 

19232 38 4509 H. l MO 21 27 24 . 532 241 . 83 . 33 38 
19240 - 2 5551 l:l . 4 Aë. 21 27 39 . 145 309 . 85 -. 26 - 1 
19247 29 4426 8 . 1 AO 21 27 57 . 321 260 . 45 . 25 29 
19258 22 4411 7 . 3 KO 21 29 5 . 542 273 . 43 • 1 7 22 
19260 77 823 7 . 6 KO 21 29 22 . 974 -67 . 53 - 7 . 95 77 

19270 49 3544 8 . 3 A2 21 29 46 . 13ü 212 . 13 . 32 49 
19276 72 991 s . 1 K5 21 30 22 . 810 37 . 54 -3 . 14 73 
19285 56 2590 8 . 0 KO 21 30 59 . 231 181 . 26 . 14 57 
19294 - 0 4238 8 • 4 K2 21 31 21 . 727 307 . 32 -. 22 0 
19295 26 4197 7 . 7 K5 21 31 22 . 732 265 . 53 . 24 27 

19313 38 4539 8 . 8 KO 21 32 43 . 306 241 . 81 . 36 39 
19323 30 4479 l:l . O KO 21 33 35 . 578 259.l:l7 . 29 30 
19325 5 4824 l:l . O K2 21 33 44 . 391:l 299 . 08 - . 10 5 
19348 14 4647 1.2 KO 21 35 18 . 444 286 . 21 • 07 14 
19349 21 4587 l:l . 2 K5 21 35 25 . 564 275 . 91 • 1 7 21 

19351 50 3382 7 . 1 K5 21 35 32 . 273 210 . 63 .35 50 
19361 - 4 5503 l:l . 4 K2 21 36 2 . 614 312 . 55 -. 30 - 3 
19362 13 4751 8 • 2 K2 21 36 5 . 445 288 . 54 • u4 13 
19364 27 4122 8 . 6 A2 21 36 17 . 462 266 . 58 . 26 27 
19373 35 4600 8 . 2 MO 21 37 0 . 914 250 . 99 . 35 35 

Position 1950 + T = Position 1950 + T (1st te rm) + T 2 (2nd term) ... T' (P . M.). 

T Îl1 centuries from 1900. 0, T' in centuries from epoch. 

43 
7 

26 
24 
30 

6 
21 
45 
24 
43 

19 
35 

6 
32 
41 

36 
50 
48 
34 

9 

29 
15 
24 
50 

8 

54 
45 
17 

6 
39 

25 
45 
40 
31 
42 

26 
15 
18 

0 
22 

17 
47 
54 
59 
43 

50 
48 
27 
27 
49 

1950 

15 . 48 
27 . 50 
59 . 08 
46 . 05 
34 . 56 

36 . 29 
16 . 59 

1 . 70 
8 . 41 
2 . 41 

50 . 28 
38 . 91 
11 . 54 
57 . 60 

9 . 41 

40 . 37 
16 . 05 

6 . 64 
50 . 17 

1 . 07 

37 . 26 
37 . 92 
50 . 05 
24 . 92 

6 . 14 

8 . 77 
17 . 84 
28 . 71 
48 . 01 
25 . 51 

59 . 83 
15 . 75 
12 . 40 
14 . 63 
56 . 08 

57 . 36 
22 . 52 
59 . 34 

5 . 51 
47 . 96 

27 . 69 
7 . 10 

45 . 94 
27 . 42 
56 . 21 

19 . 56 
33 . 46 
29 . 11 
44 . 30 

2 . 92 

Precession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

1499 . 4 13 . 8 2 57 . 59 
1503 . 4 13 . 6 2 57 . 67 
1504 . 3 14 . 8 2 57 . 70 
1510 . 7 - . 7 2 57 . 20 
1513 . 1 13 . 1 2 57 . 23 

1514 . 7 13 . 1 2 57 . 68 
1519 . 4 3 . 8 2 57 . 67 
1522 . 2 13 . 3 2 58 . 58 
1522 . 4 9 . 4 2 58 . 21 
1522 . 5 14 . 4 2 57 . 61 

1523 . 0 13 . 8 2 58 . 22 
1525 . 3 11 . 2 2 57 . 67 
1530 . 7 12 . 6 2 58 . 15 
1 532 . 7 - 13 . 1 2 57 . 57 
1532 . 9 10 . 5 2 57 . 14 

1533 . 8 12 . 3 2 57 . 16 
1534 . 2 7 . 4 2 57 . 68 
1535 . 1 12 . 6 2 57 . 20 
1535 . 9 13 . 5 2 58 . 14 
1538 . 9 5 . 8 2 58 . 12 

1540 . 5 10 . s 3 58 . 93 
1548 . 1 12 . 9 2 58 . 13 
1 552 . 2 13 . 2 3 57 . 64 
1 554 . 8 9 . 8 2 57 . 24 
1555 . 2 s . 2 2 57 . 60 

1560 . 4 10 . 2 2 57 . 24 
1561 . 0 - 1 . 4 2 57 . 08 
1561 . 4 8 . 0 2 58 . 07 
1564 . 3 12 . 0 2 57 . 66 
1571 . 3 10 . 2 2 59 . 19 

1576 . 2 lü . 6 2 57 . 66 
1577 . 5 13 . 6 2 57 . 20 
1579 . 1 11.3 2 51:l . 11 
1585 . 2 11 . 9 2 57 . 61 
1586 . l:l - 3 . 3 2 58 . 13 

1588 . 8 9 . 1 2 57 . 68 
1592 . 1 1 . 3 2 58 . 20 
1595 . 3 1 . 1 2 57 . 12 
1597 . 3 13 . 2 4 51:l . 39 
1597 . 4 11 . 3 2 57 . 65 

1604 . 5 10 . 2 2 58 . 13 
1609 . 0 11 . 0 2 57 . 60 
1609 . 8 12 . 6 2 57 . 15 
1617 . 9 12 . 0 2 58 . 13 
1618 . 5 11 • 6 2 57 . 60 

1619 . 1 8 . 7 2 57 . 24 
1621 . 7 13 . 0 2 58 . 65 
1621.9 12 . 0 2 57 . 73 
1623 . 0 11 . 1 4 58 . 92 
1626 . 7 10 . 3 2 57 . 21 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 

Precession 
No. B . D . No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

19374 44 3892 8 . 4 KO 21 37 9 . 753 229.91 . 39 44 
19376 1 4518 7 . 9 KO 21 37 13 . 160 304 . 73 - . 18 1 
19381 63 1759 8 . 0 K5 21 37 27 . 850 146.59 - . 29 64 
19388 16 4575 8 . 8 KZ 21 37 59 . 235 283.48 . 11 17 
19402 Hl 4837 8 . 2 Kù 21 39 3 . 852 281 . 57 . 13 18 

19406 46 3407 1 . 0 KZ 21 39 17 . 955 LZ3 . 86 • 40 47 
19410 31 4529 8 . 6 K5 21 39 36 . 994 259 . 59 . 32 31 
19412 20 4991 8 . 2 KO 21 39 46 . 842 "2.77.87 . 17 21 
19414 70 1192 7 . 1 K5 21 39 47 . 464 89 . 92 -1 . 60 70 
19415 32 4232 8 . 2 KZ 21 39 48 . 815 257 . 86 . 33 32 

19417 8 4720 7 . 2 KO 21 40 0 . 686 295 . 60 - . 04 8 
19434 10 4608 7 . 1 K5 21 41 19 . 842 292 . 73 . 01 1 0 
19439 23 4381 8 . 4 KO 21 41 35 . 062 273 . 71 . zz 23 
19443 68 1244 7 . 7 KZ 21 41 53 . 379 111 . 83 -1 . 03 68 
19449 42 4195 7 . 2 K5 21 42 45 . 721 236 . 60 . 44 43 

19453 - 3 5296 a. a FO 21 42 53 . 135 311 . 51 - . 28 - 3 
19455 0 4776 8 . 6 KZ 21 43 11 . 321 305 . 44 - . 18 1 
19467 21 4614 8 0 4 KZ 21 44 9 . 450 277 . 77 • 19 21 
19477 3 4613 7 . 7 KO 21 44 39 . 287 301 . 90 -. 12 4 
1948, 18 4861 7 . 9 KZ 21 45 0 . 121 281 . 96 . 15 18 

19487 73 945 8 . 8 K5 21 45 27 . 494 43 . 19 -3 . 34 74 
19496 69 1197 8 . 9 KO 21 46 2 . 619 107 . 33 -1 . 18 69 
19498 45 3680 7 . 6 KO 21 46 11 . 966 232 . 19 • 47 45 
19501 75 801 8 . 5 K2 21 46 26.916 7 . 05 -5 . 00 76 
19507 57 2402 8 . 3 AZ 21 46 49 . 238 191 . 65 . 31 57 

19508 16 4607 8 . 2 KO 21 46 53 . 822 284 . 44 • 13 17 
19510 41 4277 7 . 5 K5 21 47 5 . 923 241 . 12 • 46 42 
19513 80 706 8 . 3 FZ 21 47 16 . 459 -128 . 59 - 13 . 79 80 
19514 7 4752 8 . 7 AO 21 47 16 . 545 297 . 01 - . 04 8 

19516 4 4753 7 . 4 KO 21 47 Z0 . 640 300 . 96 - . 10 4 

19542 22 4493 7 . 6 KO 21 49 0 . 160 277 . 20 . 23 22 
19547 - 1 4212 8 . 5 F8 21 49 30 . 023 309.24 - . 24 - 1 
19548 31 456"2 7 . 5 KZ 21 49 32 . 865 262 . 89 . 36 31 
19550 13 4797 8 . 3 KO 21 49 37 . 332 288.89 . 09 14 
19555 47 3584 6 . 8 K5 21 50 1 . 689 227 . 04 . 49 48 

19560 50 3465 8 . 4 AZ 21 50 18 . 875 218 . 24 • 48 51 
19562 12 4705 7 . 4 KO 21 50 24 . 633 290 . 47 . 07 13 
19570 77 836 8 . 6 KO 21 50 50 . 404 -15 . 52 -6 . 42 77 
19576 35 4664 7 . 8 K5 2l 51 13 . 374 255 . 81 • 42 35 
19586 3 4630 8 . 7 FO 21 51 43.092 302.27 - . 11 4 

19593 8 4760 8.5 K5 21 52 7 . 072 296 . 68 - . oz 8 
19597 - 4 5570 8 . 2 K5 21 52 22 . 369 312 . 83 -. 30 - 4 
19606 68 1258 8 . 3 KZ 21 52 46.202 127 . 98 -. 70 68 
19613 30 4558 7 . 5 KO 21 53 11 . 753 265.82 . 36 30 
19619 53 2740 7 . 6 K5 21 53 25.669 211.05 • 47 53 

19631 11 4695 7.7 K5 21 54 4 . 277 291 . 96 • 06 12 
19641 '~5 3740 8 . 5 MO 21 55 3.846 236 . 61 . 52 45 
19648 49 3692 7 . 2 KO 21 55 25 . 538 224 . 24 . 53 50 
19686 0 4807 8 . z G5 21 57 55 . 154 306 . 17 -.17 0 
19689 2 4457 8 . 8 F5 21 58 8.723 304 . 31 - . 13 2 

Positiœa 19S0 + T = Pos ition 1950 + T (1st term) + T 2 (l'Jld term) + T' (P. M.). 

Tin centuries from 1900. 0 , T' in centuries from epoch. 

47 
54 

9 
4 

28 

19 
51 

0 
33 
48 

42 
52 
53 
49 
11 

10 
26 
36 
10 
51 

20 
45 
34 
14 
37 

20 
7 

28 
1 

58 

37 
31 
40 
21 
12 

11 
15 
31 
53 

4 

33 
27 
33 
35 
56 

25 
35 
15 
58 
33 

Precession 
1950 1st 2nd 

Term Term 

16.41 1627 . 4 9.4 
44.21 1627 . 7 12.6 
32.06 1629 . 0 5.9 
58 . 06 1631 . 6 11.7 
34 . 46 1637.1 11.5 

1 . 08 1638.3 9 . 0 
14 . 02 1639.9 10 . 5 

2 . 40 1640 . 7 11.3 
28 . 56 1640 . 7 3.4 
40 . 78 1640.9 10.4 

7 . 80 1641 . 8 12 . 0 
18 . 40 1648 . 5 11 . 8 
37 . 47 1649 . 7 11 . 0 
26 . 85 1651 . 2 4.3 
54 . 99 1655.5 9 . 4 

51 . 61 1656 . 1 12.4 
18 . 47 1657 . 6 12.2 

8 . 26 1662 . 4 11.0 
15 . 46 1664 . 8 11 . 9 
54 . 26 1666.5 11 . 1 

5 0 . 64 1668.7 1.4 
51 . 60 1671 . 5 4 . 0 
16 . 74 1672 . 3 9.0 
26 . 07 1673 . 5 - . 1 
16 . 34 1675 . 3 7 . 3 

20 . 59 1675 . 6 11.0 
29 . 00 1676.6 9.3 
37 . 34 16 77 . 5 - 5.5 
56 . 68 1677 . 5 11.5 
44 . 13 1677 . 7 11 . 7 

29 . 76 1685.7 10 . 6 
12 . 88 1688.0 11.8 
37.09 1688.3 10.0 
59 . 76 1688.6 11.0 

6 . 40 1690.5 8.5 

46.41 1691.9 8.2 
11 . 32 1692.3 11.0 
59 . 74 1694.3 -1.0 
26 . 72 1696.1 9.6 
29.54 1698.4 11 .3 

l7. 58 1700.3 11.1 
25.80 1701.4 11.7 
41.59 1703. 3 4.6 
27 .19 1705.2 9.8 
27.24 1706. 3 7.7 

14.21 17 09 .2 10 .7 
3.83 1713.8 8.6 
2.09 1715 . 4 8.1 

36.21 1 726. 6 11.0 
5.88 1 727. 6 10.9 

167 

No. Epoch 
Obs. 1900+ 

2 57.58 
4 58 . 89 
2 57.24 
2 58.15 
2 57.66 

2 57 . 09 
2 57.21 
2 58 . 13 
2 58.12 
2 57 . 70 

2 57.24 
3 57 . 66 
2 57 . 58 
2 58 . 57 
2 57 . 59 

2 57 . 70 
2 57 . 21 
2 57 . 73 
2 58.65 
2 57 . 75 

3 58.62 
2 58 . 15 
2 57 . 08 
2 58.59 
2 59 . 09 

2 58 . 65 
2 58.67 
2 58 . 60 
2 58 . 65 
2 58.14 

2 57 . 17 
4 59.14 
2 57 . 73 
2 57.24 
2 58.12 

2 58.60 
2 58 . 59 
2 58.20 
2 58.14 
2 58.13 

2 58.15 
2 59.06 
2 57 . 73 
2 58.13 
2 58.12 

2 56.69 
2 57.68 
2 57.24 
3 58.69 
2 56.66 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Ded. 

Term Term 

] 9699 64 1613 7 . 3 K5 21 58 42 . 653 161 . 39 - . 02 65 
19717 - 1 4236 7 . 6 K2 21 59 58 . 695 308 .6 8 -. 22 - 1 

19750 73 957 7 . 5 K2 22 2 6 . 510 84 . 22 -2.13 73 
19754 29 4573 7 .7 K5 22 2 20 . 741 269.87 • 38 29 

19756 31 4617 8 . 4 G5 22 2 27 . 784 266 . 66 . 42 31 

19757 20 5074 8 . 0 K2 22 2 35 .4 08 282 . 43 . 24 20 
19761 - 2 5689 8.3 Fel 22 2 44.938 309 . 24 -.22 - 1 
19765 61 2243 8.6 AO 22 2 55 . 884 183 . 62 . 32 62 
19770 5 4947 7 . 5 KO 22 3 11 . 073 300.79 -. 06 5 
19771 6 4957 8 . 6 FO 22 3 17.422 299.62 -. 03 6 

19774 - 3 5375 8 . 4 K2 22 3 26 . 788 311 . 14 -. 26 - 3 
19800 24 4537 8 . 3 F2 22 5 19 . 905 277 . 75 • 32 24 
19804 38 4689 8 . 0 K5 22 5 37 . 283 255 . 36 . 54 39 
19806 3 4665 8 . 4 KO 22 5 46 . 687 302 . 55 -.08 4 
19810 - 0 4310 8 . 6 F5 22 6 6 . 590 307 . 53 -. 18 - 0 

1982'3 0 4829 8.6 KO 22 6 49 . 602 305 . 81 -.1 5 1 
19825 67 1405 8 . 1 F5 22 6 53 . 110 148 . 47 -.26 68 
19832 20 509{) 8 . 3 KO 22 7 34 . 718 283 . 29 . 25 20 
19849 59 2477 8 .5 K5 22 8 33 . 316 200 . 23 . 53 59 
19875 54 2702 6 . 9 K2 22 10 30 . 786 220 . 08 . 66 54 

19881 - 0 4322 7 . 8 K5 22 10 46 . 480 307.33 -.17 - 0 
19888 41 4420 8 . 3 KO 22 11 1 . 972 253 . 14 . 61 41 
19902 56 2736 8 . 5 A2 22 11 40 . 203 212 . 24 . 64 57 
19906 17 4714 tl . 1 K2 22 11 55 . 961 287 . 87 . 21 17 
19909 79 728 8 . 5 K2 22 12 7.156 -29.78 - 8 . 94 79 

19916 35 4746 7.7 K2 22 12 34 . 489 263 . 62 • 54 35 
19917 20 5106 7.8 F8 22 12 39 . 434 284 . 14 . 21 21 
19918 66 1490 R.7 AO 22 12 43 . 254 167.45 .1 4 66 
]9932 15 4604 8 . 1 F8 22 13 40 . 638 290 . 44 • 1 7 15 
19939 31 4668 7 . 3 K5 22 14 15 . 326 269 . 62 . 48 32 

19941 50 3637 8 . 2 KO 22 14 20 . 947 234 .36 . 71 50 
19949 4 4837 7 • I+ MO 22 14 58 . 547 302 . 27 -. 05 4 
1996'3 49 3805 7.4 K2 22 15 51.771 238 . 47 • 72 49 
19968 9 5019 7 . 8 K2 22 16 9 . 057 296 . 90 • 06 10 
19969 7 4842 7 .5 K2 22 16 ll . 590 299 . 51 . 01 7 

19973 41 4456 7 . 8 K2 22 16 38 . 123 255 . 09 . 65 41 
19978 14 4772 6 . 9 K5 22 16 57 . 802 291.44 • 17 15 
19989 46 3661 8 .1 1( 5 22 17 46 . 425 246.27 .7 1 46 
19992 10 4731 1.1 KO 22 17 52.864 296 . 36 . os 10 
20003 22 4618 7.9 KO 22 18 21 . 112 283 . 11 . 32 22 

20010 72 1029 8 . 6 K2 22 18 43.899 122 . 87 -.99 72 
20023 43 4178 7 . 6 K2 22 19 51 . 244 253 .6 8 . 69 43 
20025 - 4 5663 8 .1 KO 22 20 1 . 805 311 .26 -.25 - 3 
20038 16 4724 1.2 K2 22 21 2 . 931 289 . 80 . 23 17 
20045 21 4745 7 . 9 K2 22 21 25 .4 84 284 . 98 . 32 21 

20047 66 1503 8 . 0 K2 22 21 30 . 722 176 . 79 • 35 66 
20061 34 4674 7.8 K5 22 22 13.017 268 . 35 .57 35 
20062 9 5040 7 . 5 K5 22 22 14.296 298 . 02 • 07 9 
20064 31 4689 8 . 1 K2 22 22 21 . 871 272 .5 6 • 52 32 
20068 10 4744 8 . 1 GO 22 22 51 . 042 296 . 37 . 10 11 

Posüion 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M . ). 

T in centnries from 1900. 0, T' in centuries from epoch. 

11 
9 

34 
42 
48 

49 
40 

9 
43 
44 

20 
46 

5 
16 
11 

22 
16 
53 
45 
51 

0 
32 
23 
46 
48 

54 
1 

41 
46 
22 

50 
53 
34 

6 
36 

53 
17 
38 
47 
48 

47 
29 
59 
24 
51 

54 
10 
33 
11 
16 

1950 

31 . 96 
38 . 32 
56 . 18 
5tl . 83 
32 . 70 

1 . 21 
3 . 16 

52 . 68 
21 . 55 
40 . 39 

59 . 80 
16 .47 
53 . 85 
21 . 99 

2 . 46 

32 . 26 
24 . 91 
51 . 55 
20 . 49 

1 . 27 

21 . 29 
29 . 94 
29 . 24 
18 . 61 
34 . 06 

23 . 54 
47 . 08 

1. 45 
16 . 74 
18.39 

9 . 88 
38 . 56 
45 . 93 
15 . 45 
52 . 44 

29 . 51 
39 . 98 
55 . 96 
14 . 01 
32 . 42 

19 . 84 
33 . 05 
23 . 35 
10 . 05 
11 . 04 

lü . 94 
45 . 97 
20 . 80 
42 . 39 
22 . 49 

Precession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

1730 .1 5 . 6 2 56 . 69 
1735 . 6 10 . 9 2 56 . 66 
1744 . 9 2 . 6 2 57 . 11 
1745 . 9 9 . 3 2 56 . 69 
1746 . 4 9 . 2 2 56 . 63 

1747.0 9 . 7 2 57 . 66 
1747 . 7 10 . 6 2 57 . 23 
1748 . 4 6 . 2 2 57 . 67 
1749 . 5 10.4 2 57 . 23 
1749 . 9 10 . 3 3 57 . 98 

1750 . 6 10 . 7 2 58.19 
1758.5 9 . 4 2 56 . 69 
1759 . 8 8 . 5 2 57 . 21 
1760 . 4 10.2 4 57 . 90 
1761 . 8 10 . 3 2 58 . 20 

1764 . 8 10.2 3 59 . 00 
1765 . 1 4 . 8 2 57 .11 
1767.9 9 . 3 2 56 . 69 
1771 . 9 6 . 4 2 57 . 20 
1779 . 9 7 . 0 2 58 . 58 

1780 . 9 9 . 9 2 57 . 25 
1781 . 9 8 . 1 2 57 . 24 
1784.5 6 . 7 2 58 . 20 
1785 . 5 9 . 1 2 57 . 66 
1786 . 3 - 1 . 4 2 57 . 19 

1788.1 8 . 3 3 58 . 30 
1788.4 9 . 0 2 58 . 12 
1788 . 7 5 . 1 2 57 . 67 
1 792 . 4 9 . 1 2 57 . 25 
1794 . 7 8 . 4 2 57 . 58 

1795 . 0 1 . 2 2 57 . 11 
1797 . 5 9 . 4 2 58 . 13 
1800 . 9 7 . 2 2 57 . 67 
1802 . 0 9 . 1 2 58 . 26 
1802 . 2 9 . 2 3 58 . 30 

1803 . 8 1 . 1 2 58 . 58 
1805.1 8 . 9 2 56 . 70 
1808 . 2 7 . 4 2 58 . 33 
1808 . 6 8 . 9 2 57 . 75 
1810 . 3 8 . 5 2 58 . 66 

1811 . 8 3 . 4 2 56 . 66 
1815 . 9 7 . 4 2 58 . 80 
1816 . 6 9 . 2 2 58 . 61 
1820 . 3 8 . 5 2 58 . 10 
1821 . 7 8 . 3 2 58 . 20 

1s22 . o 5 . 0 2 57 . 67 
1824 . 6 7 . 7 2 58 . 13 
1824 . 7 8 . 6 2 58 . 31 
1825 . 1 7 . 8 2 58 . 15 
1826 . 9 8.5 2 58 . 28 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CffiCLE, 1956-1961 

Precession 
No. B.D . No. M+Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

20072 62 2074 7.6 KO 22 23 1 . 876 198 . 17 . 66 63 
20075 12 4820 8 . 7 FO 22 23 18 . 846 294 . 79 • 14 12 
20082 53 2874 1 . 0 KO 22 23 49 . 198 233 . 59 . 83 53 
20085 - 1 4294 8 .4 K2 22 23 55 . 815 308 . 11 -. 17 - 0 
20102 0 4876 8 . 2 FO 22 25 16.445 306 . 01 -.1 1 1 

20107 64 1665 8 . 2 G5 22 25 28 . 912 191 . 36 . 61 65 
20109 2 4508 8 . 8 KO 22 25 34 . 578 304 . 99 - . 09 2 
20112 24 4593 7 . 5 KO 22 25 51.041 282 . 88 • 39 24 
20117 46 3711 8 .4 89 22 26 17 . 270 249 . 97 . 79 47 
20120 47 3809 8 . 3 KO 22 26 25 .17 3 247 . 81 . 81 48 

20126 - 3 5452 8 . 4 G5 22 26 45 .763 310 . 55 - . 23 - 3 
20129 4 4860 8 . 4 KO 22 27 4 . 025 302 . 36 - . 02 5 
20134 44 4147 8 .1 AO 22 27 32 .14 1 255 . 30 . 77 44 
20137 45 3958 7.7 K2 22 27 45 . 277 254 . 09 .7 9 45 
20141 75 832 8 . 0 K5 22 27 57 . 023 98 .1 5 - 2 . 09 75 

20148 3 4716 7 . 6 KO 22 28 8 . 595 303 . 61 -. 05 4 
20149 17 4758 8 . 0 K2 22 28 12.662 290 . 52 • 26 17 
20152 7 4883 7 . 8 KO 22 28 27 . 049 299 . 87 . os 8 
20154 14 4811 8 . 6 K2 22 28 43 . 113 293 . 24 . 20 15 
20157 38 4787 7 . 9 A3 22 29 3 . 714 265 .5 3 • 68 38 

20169 20 5180 7.7 K5 22 30 7.789 287 . 93 . 33 20 
20170 0 4892 7.9 KO 22 30 7 . 952 306 . 57 -.1 2 0 
20182 65 1780 8 . 9 KO 22 31 9 . 864 195.25 • 72 65 
20186 24 4608 8 . 5 KO 22 31 19.742 283 . 98 .42 24 
20192 42 4441 7 . 8 K5 22 31 32 . 842 260 . 05 . 78 43 

20194 8 4892 8 . 2 F5 22 31 37 . 367 299 . 21 • 08 9 
20201 12 4843 7.7 KO 22 31 57 .1 02 295 . 63 • 17 13 
20214 57 2562 7.1 K5 22 32 38 . 242 228.07 . 95 57 
20217 30 4744 7.3 K2 22 32 43.060 278 . 02 . 54 30 
20219 9 5068 7.7 K2 22 33 9 . 392 298 . 55 .1 0 10 

20225 4 4880 8 . 8 GO 22 33 28 . 446 302 .7 2 • 00 5 
20240 47 3856 8 . 3 A5 22 34 40 . 564 254 . 06 . 88 47 
20241 1 4634 8 .1 K5 22 34 43.635 305 .91 -. 09 1 
20256 43 4255 8 . 6 KO 22 35 23 . 185 260 . 32 . 83 44 
20264 67 1454 8 . 5 GO 22 35 48 . 197 189.60 .7 0 67 

20270 20 5195 7.4 K2 22 36 4 . 184 288 . 99 . 35 20 
20273 - 3 5482 8 .4 G5 22 36 21 . 436 310 . 07 -.20 - 3 
20280 - 1 4336 8 . 4 F5 22 36 42.313 308-14 -.15 - 0 
20284 33 4556 8 . 7 F8 22 36 57 . 721 275 . 83 . 62 33 
20291 30 4761 1 . 1 K2 22 37 22 . 955 279 . 14 • 5 7 30 

20298 86 335 8 . 3 AO 22 37 50 . 791 -594.60-131.00 87 
20315 11 4859 8 . o K5 22 39 16 . 176 297 . 26 .17 12 
20316 9 5090 8 . 5 K2 22 39 18 . 626 298 . 99 • 13 10 
20322 7 4913 7 . 8 G5 22 39 39 . 518 301 . 03 • 07 7 
20323 0 4911 8 . 4 KO 22 39 50 . 285 306 • 92 -. 10 0 

20333 4 4896 7 . 0 K2 22 40 21 . 044 303 . 58 o . oo 4 
20338 15 4695 8 . 5 K2 22 40 49 . 450 294 . 34 • 26 16 
20344 39 4916 8 . 7 K5 22 41 10 . 916 269 . 61 • 77 39 
20356 20 5217 7.6 KO 22 41 50 . 516 290 . 46 • 37 20 
20362 12 4880 8 . 5 KO 22 42 17 . 221 297 . 02 . 20 13 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2.nd term) + T' (P. M.) . 

Tin centuries from 1900 . 0, T' in centuries from epoch. 

18 
54 
33 
49 
24 

12 
29 
36 
11 
17 

29 
23 
45 
29 
58 

4 
52 
10 
12 
59 

48 
50 
44 
50 
13 

10 
9 

54 
32 

4 

20 
?,,7 
39 
16 
49 

58 
17 
58 
37 
53 

1 
18 
15 
48 
30 

42 
0 

56 
40 

3 

Precession 
1950 1st 2nd 

Term Term 

58 . 34 1827 . 5 5 . 5 
10 . 60 1828 . 5 8 . 4 
42 . 59 1830 . 3 6 . 5 
19 . 23 1830 . 7 8 . 7 

6 .1 9 1835 . 5 8 . 6 

39 . 55 1836 . 2 5 . 2 
58 . 86 1836.5 8 . 5 
51 . 92 1837 . 5 7 . 8 
38 . 30 1839.0 6 . 9 
13 . 21 1839 . 5 6 . 8 

4 . 98 1840 . 7 8 . 6 
6 . 86 1841 . 7 8 . 3 

58 . 23 1843 . 3 6 . 9 
16.86 1844.1 6 . 9 
45.83 1844 . 8 2 . 4 

31 . 09 1845.4 8 . 3 
55 . 86 1845.6 7 . 9 
12 .34 1846.5 8 .1 
33 .5 3 1847.4 7 . 9 
14.34 1848.5 7.1 

19.48 1852.1 7 .7 
45.62 1852 .1 8 .1 
28 . 99 1855.6 5 . 0 
43.81 1856.1 7 . 4 
37 . 39 1856.8 6 - 7 

10 . 09 1857 . 1 7 . 8 
6 . 02 1858.2 7 . 7 

16 . 09 1860 . 4 5 . 8 
39 . 91 1860.7 7 . 2 

6 . 29 1862.1 7.7 

21 . 78 1863-1 1 . 1 
26 . 80 1867 . 0 6 . 3 
55 . 38 1867.1 7 . 7 

6 .45 1869.2 6.4 
18 . 33 1870 . 5 4 . 6 

1 .1 6 1871 . 4 7 .1 
10.14 1872 . 3 7 . 7 
36 . 16 1873.3 7 . 6 
43 . 79 1874.1 6 . 7 

5 . 43 1875.4 6 . 8 

30 . 58 1876 . 9 -15.6 
45 . 85 1881 . 2 7 . 1 
24 . 29 1881 . 3 1.1 
47.20 1882 . 4 7 . 1 
30 . 75 1882 . 9 7.3 

22.79 1884 . 4 7.2 
55 . 00 1885 . 8 6.9 

1.30 1886.9 6 . 2 
27.28 1888.8 6.7 
37.36 1890.1 6 . 8 

169 

No. Epoch 
Obs. 1900+ 

2 57 . 14 
2 58 . 20 
2 57 .1 2 
2 57 . 21 
2 57 . 70 

2 58 . 21 
2 58 . 13 
2 59 . 06 
2 58 . 14 
2 58 . 15 

2 57 . 21 
4 58 . 70 
2 58 . 27 
2 58 . 35 
2 59 . 24 

2 59 . 25 
2 58 . 66 
2 59.26 
2 57.68 
3 58.30 

2 58 . 60 
2 57.66 
2 58.15 
2 56 . 70 
2 57 . 75 

2 58 . 26 
2 58 . 66 
2 58 . 76 
2 57 . 69 
2 57 . 60 

2 58 . 22 
4 58.43 
2 57 . 25 
2 57 . 59 
2 58.73 

2 58.14 
2 58.59 
2 57.69 
2 57 . 68 
2 56 . 70 

2 57 . 67 
4 58 . 92 
2 56.67 
2 57 . 69 
2 57.68 

3 58.29 
2 58. 21 
2 57.60 
2 58.20 
2 57.66 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

20369 81 788 7.6 KO 22 43 1.035 7.87 -9 . 14 81 
20373 - 1 4346 7.8 KO 22 43 15.484 308 . 24 - . 14 - 1 

20376 10 4815 7 . 2 G5 22 43 24 . 343 298 . 86 . 15 10 

20380 26 4499 8.7 A2 22 43 46 . 833 285 . 50 . so 26 
20381 37 4686 7.3 K2 22 43 49 . 444 272 . 98 . 77 38 

20387 73 994 7 . 4 K5 22 44 20 . 880 153 . 34 - . 08 74 
20389 21 4828 7 . 5 K5 22 44 25 . 341 289.46 . 41 22 
20408 0 4926 8 . 6 KO 22 45 32 . 983 306 . 53 -. 08 1 

20428 7 4932 8 . 8 K5 22 46 26 . 287 301 . 19 . 10 8 
20438 41 4618 8 . 3 K5 22 47 23.032 270 . 12 . 87 41 

20442 12 4894 8.7 GO 22 47 46.717 298 . 11 . 20 12 
20443 19 5012 8 . 9 KO 22 47 54 . 181 292 . 24 . 37 20 
20448 24 4673 8 . 2 K2 22 48 20 . 317 287 . 98 . 49 25 
20462 65 1817 7 . 2 K2 22 49 0 . 432 213 . 78 1 . 20 66 
20478 39 4953 7 . 8 K5 22 50 3 . 289 273 . 64 . 85 39 

20480 - 3 5521 7 . 8 G5 22 50 5 . 242 309 . 35 -. 17 - 2 
20486 49 3959 6 . 9 MO 22 50 28 . 265 259 . 01 1 . 10 50 
20488 26 4524 7 . 4 KO 22 50 45 . 289 287 . 32 . 54 26 
20495 1 4662 7 . 0 K5 22 51 18 . 873 306 . 24 - . 05 1 
20500 - 0 4432 8 . 6 K5 22 51 40 . 641 307 . 23 -. 09 0 

20502 - 1 4355 8 . 4 G5 22 51 43 . 872 308 . 23 - . 12 - 1 
20504 21 4850 8 . 1 K5 22 51 48 . 899 291 . 39 . 43 22 
20509 10 4844 7 . 9 F2 22 52 6 . 926 300 . 01 . 17 10 
20512 6 5083 7 . 6 K2 22 52 12 . 898 302 . 55 • 09 6 
20520 84 516 7 . 5 M3 22 52 38.188 - 116 . 44 - 27 . 49 84 

20521 78 813 7 . 2 K5 22 52 41 . 162 114 . 87 -1 . 84 78 
20529 18 5069 7 . 9 MO 22 53 12 . 831 294 . 40 • 36 18 
20544 71 1173 8 . 1 K5 22 54 11 . 758 192 . 58 1 . 04 71 
20548 25 4848 8 . 7 KO 22 54 31 . 579 288 . 86 . 54 26 
20550 23 4640 8 . 3 KO 22 54 3 7 . 116 290 . 26 . 50 24 

20552 16 4842 8 . 1 KO 22 54 43 . 396 295 . 66 . 33 17 
20553 31 4816 7 . 7 K2 22 54 53 . 258 283 . 99 . 68 31 
20555 36 4970 7 . 7 K5 22 55 14 . 765 279 . 15 . 81 37 
20556 38 4903 7 . 3 K2 22 55 17 . 961 277 . 05 . 86 39 
20569 - 1 4364 7 . 3 KO 22 56 18 . 852 307 . 70 -. 09 - 0 

20571 49 4003 7 . 8 K5 22 56 23 . 440 263 . 02 1 . 17 50 
20573 26 4539 7 . 7 KO 22 56 30 . 390 288 . 52 • 58 27 
20581 _40 4958 7 . 9 K5 22 57 3 . 537 276 . 25 . 92 40 
?0584 43 4359 7 , 5 K2 22 57 13 . 682 272 . 86 . 99 43 
20585 24 4694 8 . 6 A5 22 57 20 , 659 290.22 . 53 25 

20591 73 1001 8 , 7 KO 22 57 52 . 627 185 . 33 • 96 73 
20594 34 4817 8 . 0 K2 22 58 3.672 281 . 88 . 79 35 
20596 47 4007 8 . 1 K2 22 58 9 . 349 268 . 25 1 . 11 47 
2ü6ü3 54 2895 8.2 G5 22 58 31.655 256 . tJ6 1 . 32 54 
20606 0 4955 8 . 2 MO 22 58 42 . 876 306 . 82 -. 05 0 

20612 13 5041 8 .3 K5 22 59 15 . 445 298 . 31 • 2tl 14 
20613 44 4307 7.6 KO 22 59 17 . 450 27 2 . 05 1 . 06 45 
20615 - 3 5553 7.8 K5 22 59 20 . 752 309 . 13 - . 15 - 2 
20620 75 867 7.5 G5 22 59 35 . 73ù 169.21 . 54 75 
20626 28 4506 8 .4 KO 22 59 49 . 491 288.00 . 64 29 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M . ) . 

T in cen11Dries from 1900. 0, T' in centuries from epoch. 

38 
11 
56 
34 
14 

17 
26 

4 
16 
47 

32 
2 

12 
28 
59 

53 
26 
42 
34 

8 

18 
8 

37 
59 
46 

38 
36 
4 4 

7 
24 

15 
55 

6 
7 

35 

25 
13 
36 
38 
22 

39 
30 
39 
56 
48 

27 
14 
57 
51 

7 

1950 

1 . 41 
46 . 96 
12 . 86 
59 . 12 

8 . 88 

26 . 50 
5 . 92 

33 . 41 
41.56 

3 . 72 

29 . 28 
57 . 74 
21 . 02 
21 . 69 
58 , 53 

30 . 92 
20 . 47 
41 . 99 
36 . 90 
54 . 78 

55 , 70 
7 . 23 

52 . 67 
27 . 65 
48 . 27 

6 . 35 
29 . 09 
55 . 95 
13 . 70 
52 . 57 

38 . 80 
54 . 49 
15 . 47 
16 . 23 

2 . 98 

49 . 16 
52 . 77 
53 . 38 
44 . 62 
31 . 80 

18 . 14 
12 . 71 

9 . 81 
32 . 13 
55 . 96 

0 . 80 
28 . 12 
17 . 80 
13 . 66 
34 . 59 

P r ecession 

1st 2nd 
No. Epoch 

Term T er m 
Obs. 1900+ 

1892 . 3 -. 2 2 57 . 58 
1892 . 9 7 . 0 2 57 . 24 
1893 . 4 6 , 7 2 58 . 59 
1894 . 4 6 . 4 2 58 . 21 
1894 . 6 6 . 1 3 58 . 30 

1896 . 1 3 . 2 2 57 . 67 
1896 . 3 6 . 4 2 58 . 19 
1899 . 4 6 . 7 2 57 . 68 
1901.9 6 . 5 2 58 . 59 
19 04 . 5 5 . 7 2 57 . 20 

1905 . 6 6 . 3 2 57 . 69 
1905 . 9 6 . 2 2 57 . 67 
1907 . 1 6 , 0 2 57 . 75 
1908 . 9 4 . 3 2 57 . 12 
1911 , 6 5 . 6 2 57 . 20 

1911 . 7 6 . 4 3 57 . 10 
1912 . 7 5 . 2 2 58 . 22 
1913 . 5 5 . 8 2 57 . 76 
1915 . 0 6 . 2 2 57 . 24 
1915 . 9 6 . 2 2 56 . 70 

1916 . 0 6 . 2 4 58 . 89 
1916 . 2 5 . 8 2 58 . 60 
1917 . 0 6 . 0 2 57 . 75 
1917 . 3 6 . 0 2 57 . 66 
1918 . 3 - 2 . 9 2 57 . 73 

1918 . 4 2 . 0 2 57 . 66 
1919 . 8 5 . 8 2 58 . 30 
1922 . 2 3 . 6 2 57 . 20 
1923 . 0 5 . 5 2 57 . 24 
1923 . 2 5 . 5 3 58 . 01 

1923 . 5 5 . 6 2 58 . 22 
1923 , 9 5 . 4 2 57 . 67 
1924 . 8 5 . 3 2 58 . 59 
1924 . 9 5 . 2 2 58 . 66 
1927 . 4 5 . 7 2 57 . 68 

1927 . 6 4 . 8 2 5tJ . 35 
1927 . 8 5 . 3 2 58 . 30 
1929 . 2 5 . 0 3 58 . 30 
1929 . 5 5 . 0 2 57 . 75 
1929 . 8 5 . 3 3 58 . 03 

1931 . 1 3 . 2 2 58 . 13 
1931 . 5 5 . 1 2 57 . 68 
1931 . 7 4 . 8 2 57 . 24 
1932 . 6 4 . 5 2 57 . 67 
1933 . 0 5 . 5 2 58 . 22 

1934 . 3 5 . 3 2 58 . 20 
1934 . 3 4 . 8 2 57 . 66 
1934 . 5 5 . 5 2 57 . 20 
1935 . 0 2 . 8 4 58 . 70 
1935 . 6 5 . 0 2 58 . 22 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRCLE, 1956-1961 

Precession 
No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

20630 6 5107 7 . 9 K2 23 0 20.738 302.88 • 11 7 
20631 63 1917 7 . 7 G5 23 0 22 . 710 237 . 05 1 . 55 63 
20635 26 4555 8 . 6 F2 23 0 36 . 926 289 . 56 . 6 0 27 
20638 41 4668 8 . 1 MO 23 0 48.145 276 . 65 • 98 41 
20646 52 3360 7 . 1 KO 23 1 15 . 745 262.32 1 . 30 53 

20657 5 5128 8 . 4 AO 23 2 25 . 952 303 . 69 • 09 6 
20660 16 4865 7 . 9 K5 23 2 38 . 524 297 . 17 . 35 17 
20672 8 4993 7 . 8 MO 23 3 20 . 831 302 . 37 . 15 8 
20675 68 1353 8 . 9 A5 23 3 48 . 277 222 . 81 1.66 69 
20677 37 4765 7 . 9 KO 23 4 2 . 181 281 . 82 . 89 38 

20684 17 4868 8 . 3 F8 23 4 35 . 331 297 . 12 • 38 17 
20692 58 2547 7 . 4 KO 23 5 17 . 816 255 . 33 1 . 53 58 
20694 29 4863 6 . 9 K5 23 5 23 . 103 289 . 00 . 69 30 
20704 40 5001 8 . 9 KO 23 5 52 . 347 280 . 38 . 98 40 
20712 26 4569 8 . 2 KO 23 6 20 . 493 291 . 20 • 63 27 

20717 7 4980 8 . 8 KO 23 6 29 . 049 303 . 17 • 14 7 
20720 25 4885 8 . 3 A2 23 6 35 . 869 292 . 25 • 59 26 
20721 17 4874 0 . 2 G5 23 6 38 . 621 297 . 23 . 39 18 
20723 1 4687 7 . 6 K2 23 6 49 . 227 306 . 33 -.01 1 
20725 62 2173 7 .1 K2 23 6 54 . 055 248 . 28 1.68 62 

20729 23 4683 8 . 6 A3 23 7 7 . 030 293 . 73 . 54 23 
20746 20 5285 8 . 9 K2 23 8 10.116 295 . 88 . 47 20 
20748 44 4342 8 .1 KO 23 8 14.426 277 . 59 1.12 44 
20751 16 4884 8 . 6 GO 23 8 27 . 4 04 298 . 48 . 36 16 
207:,7 - 3 5584 8 . 4 K2 23 9 2 . 541 309 . 06 -.13 - 3 

20764 31 4867 7 . 3 KO 23 9 30 . 6 0 7 288 . 80 . 77 32 
20767 5 5146 8 . 2 K2 23 9 39 . 073 304 . 09 .11 6 
20773 - 0 4483 7 . 7 G5 23 10 26 . 516 307 . 45 -.os - 0 
20777 1 4695 7.2 G5 23 10 50 . 608 306 . 13 • 02 2 
20778 0 4978 7 . 5 FO 23 10 54 . 874 307 . 00 -.02 0 

20780 52 3391 8 . 1 K2 23 10 59 . 332 269 . 90 1 . 42 52 
20781 66 1596 7 . 5 MO 23 11 o . 840 241 . 18 1.91 66 
20795 71 1190 8 . 2 K5 23 12 4.551 223 . 77 1 . 99 71 
20801 - 1 4409 8 . 8 G5 23 12 20.826 307 . 97 -.07 - 1 
20829 38 4965 8 . 3 K2 23 13 59 . 718 285.99 . 97 38 

20831 49 4078 6 . 9 K5 23 14 7.582 275.22 1 . 37 50 
20840 0 4984 8.6 KO 23 14 33.113 306.89 -.01 0 -20844 3 4847 8 . 8 GO 23 14 45 . 881 305 . 41 • 07 4 
20857 8 5039 7 . 7 KO 23 15 28.153 303 . 13 . 20 9 
20867 58 2572 8 . 7 A5 23 16 11.676 264 . 74 1 . 76 59 

20868 32 4621 8 . 1 FO 23 16 12 . 625 290 . 99 .82 32 
20899 13 5096 8.2 K2 23 18 26.822 301.30 .33 14 
20902 1 4714 7 . 8 KO 23 18 37.942 306 . 52 . 03 1 
20903 37 4820 7 . 3 KO 23 18 52.850 288.49 1.01 38 
20908 12 4974 8 . 1 AO 23 19 7.693 301.89 • 31 12 

20923 74 1018 7 . 8 KO 23 20 3.059 217.63 2 . 37 75 
20930 50 4025 7 . 1 K2 23 20 27 . 280 279 . 23 1.46 50 
20935 - 4 5879 8 . 5 K2 23 20 48.683 308.71 -.11 - 3 
20937 51 3598 7.6 KO 23 20 59.739 278 . 54 1 . 51 51 
20954 18 5147 8 . 2 K2 23 21 48.262 299 . 82 .46 18 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P. M.) . 

T in centuries from 1900. 0, T' in centuries from epocb. 

21 
56 
25 
57 

1 

14 
3 

37 
0 

17 

41 
43 
10 
45 
29 

39 
2 
8 

52 
32 

59 
54 
49 
32 
22 

23 
20 
14 
24 
39 

50 
48 
38 
19 
41 

23 
57 
10 
13 
12 

46 
2 

55 
18 
54 

30 
46 
29 
49 
42 

Precession 
1950 1st 2nd 

Term Term 

37.95 1936.7 5 . 3 
28 . 61 1936.8 4 . 0 
32.69 1937.4 5 . 0 

3.27 1937 . 8 4 . 7 
58.13 1938 . 8 4 . 4 

50 . 37 1941 . 4 5.1 
25 .7 5 1941 . 8 s . o 
32.87 1943.3 5.0 
23.06 1944 . 3 3 . 5 
57.42 1944.8 4.6 

56 . 37 1946 . 0 4.8 
8.19 1947.4 4 . 0 
7.30 1947.6 4 . 6 

25.64 1948.6 4 . 4 
15.24 1949 . 6 4 . 5 

36.99 1949 . 9 4 .7 
40 . 32 1950.1 4 . 5 
21 .1 2 1950.2 4.6 
23 . 07 1950.6 4 . 7 
40 . 09 1950.7 3 . 7 

19.62 1951.1 4 . 5 
42.97 1953.2 4.4 
40.09 1953.4 4 • 1 

5 . 21 1953.8 4.4 
21 . 49 1954 . 9 4 . 6 

39 . 38 1955 . 8 4.2 
1 . 14 1956.1 4.4 

28.54 1957.6 4 . 4 
10.27 1958.3 4.3 
30 . 70 1958.5 4 . 3 

54.73 1958.6 3.8 
14 . 30 1958.6 3.3 
11 . 29 1960.6 3.0 
43.03 1961.1 4.2 

9 . 72 1964.0 3.7 

54 . 35 1964.2 3.6 
30.06 1965.0 4.0 
41.50 1965.3 3.9 
48.05 1966.5 3.8 
16.55 1967.8 3.3 

40.66 1967.8 3.6 
25.59 1971.4 3.5 
24.40 1971.7 3.6 
29.98 1972.1 3.3 
47.17 1972.5 3.5 

49.91 1973.9 2. 3 
24.21 1974.5 3.1 
22.87 1975. 0 3.4 
41. 09 1975.3 3.0 
27.73 1976.5 3.2 

171 

No. Epocb 
Obs. 1900+ 

2 58.76 
3 57.76 
2 58.22 
2 58 • 2L 
2 58.13 

2 57.67 
2 58.15 
2 56.70 
2 57.59 
3 58 . 35 

4 58 . 70 
2 57.73 
2 57 . 29 
2 58 . 25 
2 57 . 25 

4 57 . 74 
2 58.68 
3 58.67 
2 58 . 15 
2 58.18 

2 58.22 
2 57.22 
2 57.n 
4 58.70 
2 57 . 25 

2 57.75 
5 59.10 
2 57.22 
2 58 . 13 
2 57 . 73 

2 57.24 
2 58.29 
3 58 . 72 
2 58.35 
2 57.22 

2 57.13 
3 57.39 
2 58.68 
2 57.24 
2 58.15 

2 58.27 
2 57.22 
2 57.23 
2 57.68 
2 58.14 

2 57.19 
2 58.15 
2 57.2 0 
3 57.40 
2 57.7 0 
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Precession 

No. B.D . No . M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

20955 34 4916 7 . 5 KO 23 21 48 . 449 291.78 . 92 35 
20964 22 4829 8 . 0 K2 23 22 17 . 258 297 . 94 . 59 23 
20965 6 5153 8 . 4 K2 23 22 27 . 350 304 . 74 . 16 6 
20966 55 2956 7.6 KO 23 22 37 . 525 275.37 1 . 71 55 
2096R 14 4990 8 . 3 A3 23 22 54.278 301 . 39 . 38 15 

20973 25 4934 8 . 2 KO 23 23 5 . 201 296 . 92 . 66 25 
20981 52 3446 6 .8 K5 23 24 0 . 226 279 . 70 1 . 60 52 
20984 8 5061 8 .4 G5 23 24 7 . 556 303 . 85 . 23 9 
20991 54 2975 8 . 2 K5 23 24 31.883 278.24 1 . 69 54 
20996 79 781 8.4 KO 23 24 44.264 192 . 44 z . 11 79 

21001 43 4462 s . 1 K5 23 24 55 . 183 287.94 1.23 43 
21002 29 4930 8 . 0 K5 23 24 55.697 295 . 75 . 77 29 
21003 36 5069 8 . 7 KO 23 25 4 . 089 292 . 16 . 99 36 
21013 - 3 5644 8.4 K5 23 25 52 . 882 308 . 34 -. os - 2 
21015 5 5176 8 . 3 KO 23 25 55 . 733 305 . 41 . 14 5 

21031 22 4846 8 .6 KO 2:, 27 8 . 910 299 . 27 . 59 22 
21038 23 4752 7 . 0 KO 23 27 24 . 782 298 . 70 . 64 24 
21039 34 4938 7 . 5 K5 23 27 25.312 294 . 20 . 94 34 
21041 44 4430 s . s AO 23 27 31.894 288 . 32 1 . 31 45 
21056 8 5072 s . o K2 23 28 48 . 481 304 . 30 . 25 9 

21062 48 4082 7 . 3 KO 23 29 1 . 774 286 . 45 1 . 50 49 
21063 58 2607 1.0 K5 23 29 4 . 491 277 . 19 2 . 01 59 
21099 - 1 4456 8 . 8 K2 23 31 33 . 426 307 . 53 • 00 - 0 
211 16 66 161 9 7 . 2 KO 23 32 53 . 539 269 . 79 2 . 69 67 
21126 46 4089 9 . 0 KO 23 33 25.098 290 . 66 1 . 45 47 

21130 6 5174 7 . 7 KO 23 33 42 . 163 305 . 56 . 19 6 
21138 20 5357 7 . 8 KO 23 34 25 . 532 301 . 48 . 58 21 
21141 34 4966 7 . 9 K2 23 34 34 . 104 296 . 76 1 . 0 1 35 
21142 37 4872 8 . 2 K2 23 34 34 . 989 295 . 58 1 • 11 38 
21147 55 2990 1.2 K5 23 34 48 . 683 285 . 92 1 . 89 55 

21150 18 5 180 8 . 9 KO 23 34 56.090 302 . 16 . 53 19 
21151 36 5087 8 . 7 K5 23 34 56.857 296 . 16 1 . 08 37 
21154 68 1 384 s . o K2 23 35 22 . 053 270 . 38 2 . 94 68 
21163 64 1835 s . o KO 23 35 42 . 401 276 . 79 2 . 60 65 
21171 7 5066 R.4 F5 23 36 19 . 506 305 . 38 . 23 8 

21174 53 3207 7 . 3 KO 23 36 27 . 396 288.35 1 . 83 54 
21175 16 4959 8 . 1 K2 23 36 28 . 478 303 . 21 • 46 16 
21177 60 2598 7 . 3 K5 23 36 38 . 574 282 . 78 2 . 29 61 
21188 4 5036 8 . 0 K5 23 37 44 . 837 306 . 30 • 15 4 
21190 17 4957 8 .5 c;5 23 37 50 . 962 303.05 • 51 18 

21195 2 4701 8 . 8 AO 23 38 17 , 493 306 . 59 . 12 3 
21200 - 3 5688 8 . 8 KO 23 38 39 . 454 308 . 0l - . 05 - 3 
21217 11 5044 8.4 A3 23 39 27.816 304 . 68 • 36 12 
21223 37 4881 8 . 9 A5 23 39 51 . 226 298 . 27 1 . 12 37 
21240 84 536 7 . 7 KO 23 40 5u.816 174.82 2 . 49 85 

21243 59 2762 7 . 9 MO 23 41 9 . 183 288 . 56 2 . 28 59 
21244 21 4977 7 . 9 MO 23 41 10 . 540 302 . 97 . 62 21 
21247 41 4853 7 .4 KO 23 41 36 . 340 297 . 62 1 . 31 42 
21248 61 2510 8 .4 KO 23 41 38 .1 73 286.82 2 . 52 62 
21254 ZR 4630 8 . 4 KO 23 42 2 .383 301 .41 . 85 29 

Position 1!150 + T = Position 1950 + T (1st term) + T 2 (2nd term) + T' (P . M . ). 

Tin centuries from 1900. 0, T' in centuries from epoch. 

3 
12 
45 
49 
24 

54 
53 
28 
41 
53 

35 
36 
46 
55 
31 

52 
29 
44 
12 
29 

13 
11 
42 
12 

9 

35 
26 
31 
27 
36 

30 
27 
47 

9 
2 

9 
44 

1 
31 
21 

20 
8 

27 
4 0 
11 

40 
39 
11 
27 
29 

1950 

21 . 96 
18 . 75 
28 . 15 
53 . 29 
49 . 65 

42 . 20 
31 . 48 
28 . 48 
56 . 16 
36 . 09 

18 . 36 
58 . 55 
23 . 68 
43 . 83 
55 . 74 

24 . 47 
48 . 38 
17 . 80 
41 . 78 

7 . 86 

54 . 90 
10 . 41:l 

0 . 65 
55 . 09 

2 . 17 

3 . 19 
46 . 78 
21 . 12 
42 . 31 
59 . 84 

15 . 44 
45 . 96 
51 . 41 
25 . 51 
10 . 48 

56 . 29 
14 . 06 
28 . 79 
44 . 57 
58 . 18 

59 . 71 
11. 14 
59 . 46 
15 . 24 
28 . 91 

27 . 94 
46 . 12 

9 . 09 
7 . 53 

36 . 16 

P r ecession 

1st 2nd 
No. Epoch 

Term Term Obs. 1900+ 

1976 . 5 3 . 1 2 58 . 75 
1977 . 2 3 . 2 2 57 . 68 
1977 . 4 3 . 2 2 58 . 20 
1977 . 7 2 . 8 2 57 . 28 
1978 . 1 3 . 1 2 58 . 72 

1978 . 3 3 . 0 2 58 . 22 
1979 . 6 2 . 8 3 58 . 31 
1979 . 8 3 . 0 2 58 . 32 
1980 . 3 2 . 7 2 58 . 21 
1980 . 6 1 . 7 2 58 . 68 

1980 . 8 z . s 2 57 . 67 
1980 . 8 2 . 9 2 58 . 24 
1981 . 0 2 . 8 2 58 . 86 
1982 . 1 2 . 9 2 58 . 74 
1982 . 2 2 . 9 2 57 . 74 

1983 . 7 2 . 7 2 58 . 15 
1984 . 0 2 . 7 2 58 . 22 
1984 . 0 2 . 6 2 58 . 15 
1984 . 2 2 . 5 2 57 . 68 
1985 . 7 2 . 6 2 56 . 76 

1986 . 0 2 . 4 2 57 . 22 
1986 . 0 2 . 3 2 58 . 23 
1988 . 8 2 . 4 3 58 . 15 
1990 . 3 1 . 9 3 58 . 07 
1990 . 8 2 . 0 4 58 . 76 

1991 . 1 2 . 1 2 57 . 70 
1991 . 8 2 . 0 4 58 . 48 
1991 . 9 2 . 0 2 58 . 28 
1991 . 9 z . o 2 57 . 68 
1992 . 2 1 . 9 2 57 . 75 

1992. 3 2 . 0 2 58 . 69 
1992 . 3 1 . 9 2 58 . 85 
1992 . 7 1.7 3 58 . 72 
1993 . 0 1 . 7 2 58 . 74 
1993 . 6 1 . 9 2 58 . 68 

1993 . 7 1 . 7 2 58 . 22 
1993 . 7 1 . s 2 58 . 35 
1993 . 9 1 . 7 2 58 . 30 
1994 . 8 1.8 2 57 . 74 
1994 . 9 1. 7 2 58 . 69 

1995 . 3 1 . 7 4 58 . 76 
1995 . 6 1.7 2 58 . 21 
1996 . 2 1.6 2 57 . 70 
1996 . 5 1 . 5 3 57 . 76 
1997 . 3 . 6 2 57 . 22 

1997 . 5 1 . 3 2 57 . 7 0 
1997 . 5 1 . 4 2 58 . 79 
1997 . 8 1 . 3 2 58 . 30 
1997 . 8 1. 2 2 57 . 68 
1998 . 1 1 . 3 3 57 . 08 
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Precession 
No . B . D. No . M+ Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

21255 15 4880 8 . 4 KO 23 42 5 . 674 304 . 30 • 47 16 
21256 6 5197 7 . 1 KO 23 42 15 . 722 306 . 08 . 22 6 
21267 31 4965 8 . 7 GO 23 42 51 . 581 301 . 11 . 94 31 
2 1276 18 5209 8 . 5 A5 23 43 27 . 551 303 . 96 • 56 19 
21278 - 0 4566 7 . 3 G5 23 44 o . 970 307 . 28 • 06 0 

21280 36 5117 7 . 6 K5 23 4 4 13 . 276 300 . 34 1 . 12 37 
2 1282 16 4983 7 . 7 K5 23 44 19 . 887 304 . 49 . 50 17 
21283 27 4619 1 . 0 MO 23 44 20 . 902 302 . 45 . 82 28 
2 1291 - 4 5955 8 . 6 F2 23 4 4 49 . 487 307 . 97 -. 06 - 4 
2 1294 45 4325 7 . 8 K2 23 45 5 . 773 298 . 42 1 . 50 45 

21296 - 1 4489 7 . 1 KO 23 45 8 . 231 307 . 48 • 02 - 1 
21298 3 4895 8 . 2 KO 23 45 11 . 373 306 . 73 • 16 3 
21301 7 5086 8 . 1 K2 23 45 45 . 272 306 .1 7 . 26 7 
21303 14 5058 8 . 0 F8 23 45 52 . 486 305 -1 5 . 44 14 
21306 29 5002 7 . 9 M2 23 45 58 . 824 302 . 56 . 90 30 

21307 41 4869 8 . 0 K2 23 4 6 3 . 165 300 . 03 1. 32 41 
21315 20 5375 8 . 2 KO 23 46 30 . 669 304 . 33 . 61 20 
21317 9 5283 8 . 7 AO 23 46 35 . 722 305 . 96 . 3 1 9 
213 19 67 1564 8 . 4 MO 23 46 44 . 281 287 . 82 3 . 34 68 
21328 12 5027 8 . 7 KO 23 47 37 . 885 305 . 66 . 40 13 

21330 66 1648 8 . 4 KO 23 4 7 55 . 866 290 . 53 3 . 24 6 7 
21331 62 2310 7 . 0 K2 23 '+ 7 57 . 137 293 . 27 2 . 7 7 63 
21335 40 516 1 7 . 7 K2 23 48 26 . 823 30 1. 50 1 . 30 40 
21340 22 4 914 9 . 1 MO 23 48 49 . 755 304 . 56 . 68 23 
21341 58 2660 8 . 0 GO 23 48 50 . 429 296 . 57 2 . 36 58 

21343 - 4 5965 8 . 2 K5 23 48 54 . 9 05 307 . 74 -. 03 - 3 
21344 26 4707 8 . 2 KO 23 48 55 . 470 304 . 03 . 81 27 
21355 19 5164 8 . 7 A5 23 49 47 . 114 305 . 21 .5 9 19 
21357 28 4655 8 . 5 AO 23 50 1 . 084 304 . 15 . 86 28 
213 76 - 0 4581 7 . 8 MO 23 51 18 . 358 307 . 30 • 08 0 

21380 11 5072 7 . 8 K5 23 51 22 . 761 306 . 28 • 38 11 
21389 54 3066 8 . 2 KO 23 52 3 . 529 300 . 75 2 . 10 54 
21390 - 2 6059 7 . 5 K5 23 52 4 . 897 307 . 51 . 01 - 2 
21391 17 5002 7 . 3 KO 23 52 14 . 355 305 . 82 • 56 18 
21400 37 4903 8 . 4 AO 23 52 31 . 403 303 . 95 1 . 20 37 

2 1420 45 4367 8 . 0 K2 23 53 52 . 818 303 . 67 1 . 57 45 
21422 - 1 4504 8 . 8 KO 23 53 53 . 917 307 . 40 • 04 - 1 
21423 1 4804 8 . fl G5 23 53 56 . 879 307 . 23 • 12 1 
21434 17 5013 7 . 7 KO 23 54 58 . 287 306 . 38 • 56 17 
21435 19 5176 8 . 0 G5 23 55 3 . 159 306 . 27 . 62 20 

21439 31 5007 7 . 9 FO 23 55 29 . 757 305 . 70 . 99 31 
21445 38 5103 8 . 0 K2 23 55 49 . 874 305 . 38 1 . 26 38 
21450 30 5066 8 . 1 K2 23 56 14 . 305 306 . 03 • 96 30 
21454 15 4916 8 . 6 KO 23 56 18 . 927 306 . 73 . 50 15 
21457 3 4912 8 . 0 K5 23 56 22 . 484 307 . 18 • 19 3 

21462 40 5202 8 . 2 K2 23 56 46 . 003 305 . 70 1 . 36 40 
21467 62 2343 8 . o K2 23 57 11 . 327 304 . 15 2 . 92 62 
21469 10 5018 7 . 2 K2 23 57 17 . 599 307 . 01 . 39 11 
21472 35 5149 8 . 8 G5 23 57 34 . 939 306 . 29 1 . 17 36 
21475 1 4814 7 . 8 K2 23 57 49 . 780 307 . 27 . 15 2 

Position 1950 + T = Posüion 1950 + T (1st term) + T 2 (2nd term) + T' (P. M. )

T in centuries from 1900. 0 , T' in centurie s from epoch. 

12 
54 
54 
16 
15 

13 
15 

8 
10 
44 

2 
57 
54 
47 
14 

54 
50 
56 
23 

2 

17 
27 
53 

1 
50 

40 
3 

34 
40 
19 

43 
51 
13 
28 
47 

43 
12 
38 
58 

3 

45 
41 
32 
33 
59 

51 
42 
23 
18 
23 

Preces sion 
1950 1st 2nd 

Term Term 

16 . 0 5 1998 . 1 1 . 3 
51 . 34 1998 . 3 1.3 
50 . 00 1998 . 7 1.2 
15 . 52 1999 . 0 1 . 2 

9 . 47 1999 . 4 1 . 2 

50 . 31 1999 . 5 1 . 1 
5 . 44 1999 . 6 1 . 1 

31 . 74 1999 . 6 1 . 1 
52 . 11 1999 . 9 1 . 1 
25 . 04 2000 . 0 1 . 0 

23 . 21 2000 . 0 1 . 0 
7 . 99 2000 . 1 1 . 0 

38 . 41 2000 . 4 1 . 0 
36 . 93 2000 . 4 . 9 
58 . 97 2000 . 5 . 9 

56 . 73 2000 . 6 . 9 
29 . 49 2000 . 8 . 9 

8 . 03 2000 . 8 . 9 
26 .1 0 2000 . 9 . 8 
15 . 73 2001 . 3 . 8 

29 . 21 2001 . 5 . 7 
56 . 60 2001 . 5 . 7 

8 . 36 2001 . 7 . 7 
7 . 79 2001 . 9 . 7 

24 . 67 2001 . 9 . 6 

55 . 37 2001 . 9 . 7 
28 . 71 2001 . 9 . 6 
36 . 39 2002 . 3 . 6 
27 . 14 2002 . 4 . 5 

5 . 20 2002 . 8 . 4 

21 . 79 2002 . 9 . 4 
7 . 41 2003 . 1 . 3 

27 . 61 2003 . 1 . 3 
6 . 68 2003 . 1 . 3 

30 . 59 2003 . 2 . 3 

33 . 58 2003 . 5 . 2 
38 . 30 2003 . 5 . 2 
26 . 51 2003 . 6 . 2 
17 . 69 2003 . 8 • 1 

7 . 36 2003 . 8 • 1 

6 . 35 2003 . 9 . o 
6 . 93 2003 . 9 . o 

33 . 10 2004 . 0 - . 1 
31 . 45 2004 . 0 - . 1 
42 . 85 2004 . 0 - . 1 

2 . 74 2004 . 1 - . 1 
48 . 51 2004 . 1 - . 2 
43 . 23 2004 . 1 -. 2 
26 . 8 0 20 04 . l - . 2 
49 . 24 2004 . 2 -. 2 

173 

No. Epoch 
Obs. 1900+ 

2 58 . 69 
2 57 . 28 
2 57 . 28 
2 57 . 75 
2 57 . 68 

2 58 . 28 
3 58 . 71 
2 57 . 76 
2 58 . 15 
2 59 . 80 

2 58 . 35 
2 59 . 34 
2 57 . 75 
2 57 . 29 
2 57 . 76 

2 59 . 34 
4 59 . 23 
4 59 . 79 
2 58 . 22 
2 58 . 35 

2 57 . 22 
2 58 . 30 
2 57 . 24 
2 57 . 76 
2 58 . 22 

2 58 . 15 
2 58 . 85 
2 58 . 21 
4 59 . 09 
2 57 . 68 

3 58 . 08 
2 57 . 76 
2 58 . 24 
2 58 . 24 
2 58 . 75 

2 58 . 22 
2 57 . 24 
3 58 . 74 
2 57 . 79 
2 57 . 76 

2 58 . 23 
2 57.23 
2 58 . 15 
2 58 . 25 
2 5 8 . tl 7 

2 58 . 74 
2 58 . 27 
2 58 . 86 
3 58. 0 8 
2 57 . 24 
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Precession 

No. B.D. No. M + Sp. R.A. 1950 1st 2nd Decl. 

Term Term 

21480 - 0 46')"3 8 . 2 KO 23 58 5 . 174 307 . 33 • 09 - 0 
21489 71 1246 7 , 5 KO 23 59 2 . 253 305 . 61 4 . 62 71 

21495 20 5419 8 , 3 K5 23 59 18 , 042 307 . 17 , 66 20 

Position 1950 + T = Position 1950 + T (1st term) + T 2 (2Dd term) + T' (P. M.). 

T in centuries from 1900. 0, T' in centuries from epoch. 

3 
57 
44 

1950 

19 . 82 
30 . 02 
52 . 67 

Precession 

1st 2nd No. Epoch 

Term Term Obs. 1900+ 

2004 . 2 -. 2 2 57 . 22 
2004 . 2 -. 3 2 57 . 22 
2004 , 2 -.4 2 58 . 22 



Part II 

CORRECTIONS TO THE 3753 AGK3 REFERENCE STARS 

The corrections are in the form observed minus AGK2. 

No proper motion has been applied. The mean epoch and the number of observations 
œre given. 
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OBSERVED-AGK2 
1 

OBSE R VE D - AGK2 

Zone 1 Star 
1 

B.D. No. t:,. a. 

1 

,H 1 Epoch 1 No.// Zone 1 
Star 

1 

B . D. No. 
1 

t:,. a. 

1 

t:,. ô 1 Epoch l No . 

15 9 39 5213 - . 032 • 71 57 . 67 2 15 220 33 24 . 019 - . 1 7 58 . 22 2 
15 10 31 5024 .057 . 36 57 . 69 2 13 224 18 27 -. 019 . 79 58 . 28 2 
17 14 58 2691 . 006 . 13 57 . 27 2 14 227 20 22 -. 008 -. 54 59 . 35 2 
12 21 12 5059 . 046 .03 57 . 25 2 15 229 35 46 -. 011 -. 24 58 . 31 2 
14 24 21 5019 . 038 - . 78 58.22 2 17 232 51 40 -. 068 . 39 57 . 69 2 

17 26 64 1893 - . 034 . 25 58 . 23 2 11 239 0 42 -. 03 1 . 09 58 . 22 2 
11 32 0 5084 - . 024 . os 58 . 85 2 12 241 8 31 . 016 . 11 57 . 75 2 
17 35 50 4233 -. 111 - . 04 57 . 21 2 17 246 49 49 -. 020 -. 97 59 . 35 2 
17 39 67 1599 - . 048 - . 31 58 . 76 2 17 248 54 37 . 019 . 38 59 . 77 4 
11 45 -4 6019 - . 067 - . 21 58 . 86 2 15 250 38 31 -. 021 . 39 57 . 82 3 

17 47 52 3598 . 015 - . 25 57 . 77 2 11 259 2 37 . 019 -. 64 58 . 43 2 
8 48 87 220 - . 847 1 • 11 58 . 24 2 11 261 3 34 . 016 . 70 59 . 53 4 

14 51 23 4853 . 054 . 88 57 . 69 2 12 266 10 3 1 -. 035 . 15 58 . 86 2 
13 52 15 4937 . 050 • 6 7 57 . 28 2 11 271 - 1 31 . 038 . 18 59 . 91 2 
12 54 8 5172 . 094 . 34 58 . 36 2 18 276 77 6 -. 143 . 78 58 . 15 2 

11 55 0 4619 . 062 . ?5 5R . 3R 3 12 2RR 6 30 . 020 - 1 . 20 57 . 43 3 
11 57 -2 6099 -. 025 . 04 59 . 32 2 15 291 32 53 . 001 . 01 57 . 68 2 

6 58 42 4834 - . OOR - .31 59 . 99 4 12 303 11 51 -. 005 . 13 57 . 27 2 
17 59 69 1'383 - . 044 . 64 58 . 75 2 15 307 36 47 . 064 -. 52 57 . 70 2 
15 60 32 4 771 . 084 - . 11 57 . 75 2 11 312 2 44 -. 029 . 14 57 . 28 2 

14 64 22 4955 . 017 - . 61 59 . 34 2 13 319 15 56 . 040 . 34 57 . 07 3 
16 69 45 4418 -. 016 - . 13 59 . 75 4 13 321 19 57 -. 041 . 31 58 . 30 4 
14 71 19 5210 . 038 - . 16 58 . 78 2 15 327 34 51 . 032 . 42 57 . 76 2 
13 74 16 1 . 026 . 71 58 . 43 3 12 328 8 45 . 022 . 36 57 . 75 2 
16 80 41 2 . 009 . 28 59 . 75 3 17 337 54 59 -. 041 -. 47 57 . 75 2 

12 86 13 3 . 061 - . 38 57 . 23 2 17 343 50 72 - . 011 . 42 58 . 21 2 
11 90 0 6 - . 006 . ZR 58 . 30 2 11 344 0 54 -. 023 . 22 58 . 27 2 
17 105 59 4 -. 033 - . 31 57 . 74 2 15 345 ·n 52 -. 003 -. 80 58 . 88 2 
12 111 11 10 . 037 -1 . 17 57 . 79 2 16 350 46 78 -. 050 . 45 58 . 11 3 
15 117 31 8 - . 063 -. 80 57 . 29 2 12 352 9 44 -. 012 -. 59 58 . 24 2 

12 122 9 12 . 037 . 38 57 . 69 2 15 357 37 68 . 020 . 01 57 . 75 2 
11 130 -1 9 . 009 . 70 58 . 75 2 15 359 30 60 . 052 . 52 57 . 29 2 
14 136 21 10 . 071 - .41 58 . 34 2 11 360 2 54 . 028 . 19 57 . 79 2 
17 142 56 19 - . 026 . 10 58 . 30 2 12 363 13 52 . 018 -. 55 57 . 67 2 
15 146 ZR 19 . 011 -2 . 06 57 . 75 2 14 364 21 46 . 052 -. 11 5R . R9 2 

15 149 16 13 . 004 .78 57 . 83 2 11 367 3 48 - . 010 . 49 58 0 43 2 
14 153 20 12 - .007 - . 03 58 . 15 2 16 370 41 67 . 093 - . 07 58 . 24 2 
16 157 42 30 .090 . 78 57 . 79 2 12 373 6 54 . 077 . 03 57 . 74 2 
11 166 -4 12 .090 . 34 58 . 22 2 15 374 32 69 . 104 . 66 58 . 23 2 
18 170 75 5 . 048 . 36 58 . 21 2 16 376 47 113 . 026 -. 32 58 . 88 2 

11 175 -3 18 . 059 -1 . 06 58 . 34 2 12 379 10 54 . 073 . 39 58 . 27 2 
15 182 32 26 - . 027 . 71 57 . 22 2 16 392 44 101 . 179 - 1 . 13 58 . 29 2 
15 195 37 - . 044 .67 5R.22 2 13 403 17 61 . 004 . 47 57 . 20 2 
18 199 80 3 .049 - . 19 58 . 74 2 16 408 49 108 . 021 . 85 58 . 00 4 
13 200 15 30 . 072 . 73 57 . 69 2 13 418 18 67 . 056 . 68 57 . 40 3 

16 204 45 48 -.017 .53 57 . 24 2 15 436 36 82 . 033 . 31 57 . 67 2 
6 207 47 49 . 130 . 80 58.25 2 11 437 - 4 59 - . 067 . 59 57 . 79 2 

15 208 30 31 - . 028 - . 25 57 . 75 2 11 447 - 3 64 . 010 . 31 57 . 67 2 
12 209 9 23 .011 .14 59 . 76 3 11 453 2 67 . 010 . 06 57 . 28 2 
16 217 43 45 . 058 . 08 57 . 83 3 17 458 68 34 . 006 1 . 11 58 . 15 2 



RESULTS OF OBSERVATIONS MADE WITH THE REVERSIBLE MERIDIAN CIRC LE, 1956-1961 177 

OB S ERVED -AGK2 
1 

OBSERVED-AGK2 

Zone l Star 
1 

B . D. No. A a. 

1 

A ~ 1 Epoch /No.JI Zone 1 
Star 

1 

B.D. No. 
1 

Aa. 
1 

A~ 1 Epoch 1 No. 

11 460 0 77 . 006 . 42 57 . 75 2 13 718 15 126 .022 . 56 57.10 3 
14 464 22 86 -. 017 . 74 58 . 24 2 18 721 84 14 -.689 .10 58.40 3 
17 469 61 125 . 010 - . o, 57 . 30 2 15 729 29 145 . 030 .18 57.30 2 
17 471 67 56 - . 069 . 0 4 57 . 47 3 15 733 36 145 - . 048 - . 43 58.81 2 
18 475 71 25 - . 153 - . 10 58 . 74 2 11 747 1 158 - . 013 .1 3 57.52 4 

15 478 28 96 -. 205 -2 . 1 0 57 . 67 2 12 751 10 1 05 .029 -.3 0 57.79 2 
12 482 6 75 . 031 - . 0 1 58 . 78 4 16 761 41 163 .034 - • 10 57.23 2 
15 483 37 98 . 017 . 12 58 . 28 2 12 763 12 108 . 034 . 04 57.40 2 
17 484 56 91 - . 025 - . 30 58.3 0 2 11 765 0 142 . 005 - .12 58.24 2 
11 503 - 4 64 . 005 . 30 57 . 24 2 15 767 35 167 - .017 -.02 58.28 2 

16 509 44 128 -. 098 . 88 57 . 22 2 11 775 3 127 - . 013 -.14 57 . 48 3 
14 516 21 77 -. 027 . 58 57 . 74 2 18 776 69 54 - . 051 -. 0 1 58 . 82 2 
11 517 1 108 . 033 . 30 57 . 76 2 17 778 58 136 - . 065 .43 57.79 2 
12 518 5 81 - . 014 - . 44 57 . 68 2 17 784 59 145 - . 067 . 38 57.28 2 
11 519 - 1 75 . 012 . 53 57 . 69 2 12 790 13 130 .053 - . 41 58 . 24 2 

15 528 33 89 -. 072 -. 20 57 . 24 2 13 791 16 90 - . 023 - . 09 58.84 4 
12 531 7 86 . 021 1 . 37 57 . 76 2 12 792 9 109 - . 018 . 26 57.75 2 
15 537 31 89 . 047 . 05 57 . 69 2 12 802 11 120 . 012 . 46 57 . 68 2 
13 543 15 100 - . 004 . 63 58 . 15 2 17 803 52 213 - . 045 . 44 58.03 4 
11 549 3 86 . 031 -. 11 57 . 69 2 12 808 5 129 .008 -.12 58.85 2 

14 550 20 90 . 084 . 50 58 . 07 3 15 817 26 161 .124 .69 57 . 79 2 
11 556 18 93 -. 026 . 29 58 . 20 2 14 82 0 21 126 . 016 -.10 58.27 2 
12 567 11 86 . ooo - . 98 57 . 76 2 13 821 15 144 .054 .56 58 . 81 2 
17 568 57 130 . 010 • 21 57 . 24 2 18 823 73 47 -.090 .30 58 . 21 2 
16 570 43 135 -. 025 - . 59 58 . 30 2 16 833 4 0 199 -.047 - . 15 57.68 2 

14 575 22 106 -. OA9 1 . 04 57 . 69 2 11 840 1 185 -. 0 12 . 62 57.29 2 
15 589 34 lOA -. 036 -. 09 57 . 68 2 11 851 -1 131 .026 -.41 60.35 2 
14 597 24 104 . 008 . 52 57 . 2A 2 12 858 7 146 - . 062 - . 41 58 . 32 2 
16 601 4A 219 -. 061 1 . 22 5A . 27 2 12 860 10 115 . 0 19 -.03 57 . 22 2 
13 605 17 93 -. 003 - . 11 59 . 06 4 15 872 29 168 .016 . 38 58.21 2 

16 612 41 12, - . 116 . OR 57 . ·n 2 15 R80 "12 177 . no2 .24 57.78 2 
12 619 14 105 - . 072 . 34 57 . 24 2 12 883 12 126 . 048 -1 . 32 57.67 2 
12 623 7 104 . 003 . 02 57 . 22 2 17 892 52 248 - . 047 -.20 59.48 4 
15 632 30 114 - . 079 - . 37 58 . 37 3 15 894 36 187 .031 -.69 59.80 4 
15 6'35 38 108 . 036 . 86 57 . 76 2 15 896 37 199 -.005 1.25 58.29 2 

16 637 45 199 - . 049 . 82 57 . 29 2 11 902 0 163 . 024 -.33 5R . 31 2 
17 644 50 141 - . 027 - . 8'3 5R . 27 2 12 905 8 166 .014 .87 57.41 3 
12 646 10 89 . 006 0 18 57 . 79 2 12 91R 5 144 -.004 -.35 57.21 2 
11 649 -"1 99 - . 016 . 47 'i8 • "19 2 11 946 4 1R2 . OR''l .49 5R.22 2 
14 654 20 106 - . 049 - . 01 58.87 2 15 947 33 169 . 019 -.03 57.46 3 

17 656 60 107 - . 032 . 18 58 . 24 2 17 956 59 188 .110 .69 58.31 2 
13 659 18 106 - . 047 . 41 59 . 36 2 5 964 25 170 - . 049 .78 57.73 2 
11 660 - 4 95 . 011 . 46 59 . 37 2 12 967 9 132 .027 -.41 58.31 2 
17 669 57 151 - . 009 . 61 58 . 24 2 16 97P. 39 268 -. 007 .78 57.78 2 
12 676 12 95 . 011 .42 'i9.27 2 15 989 30 177 -.1 01 1.23 58.22 2 

12 685 5 109 - . 017 . 37 57 . 79 3 16 997 48 355 . 02 1 -.8 0 58.23 2 
13 691 14 121 - . 024 . 25 57.74 2 12 999 5 150 -. 045 -. 07 59.00 2 
12 694 9 97 . 015 . 28 58.85 4 12 100 7 13 175 -.021 -.2 2 58.43 2 
16 711 4R 257 . 013 . 50 57 . 22 2 14 lOOR 20 171 .027 -. 91 58 . 87 2 
18 713 70 57 . 017 - . 56 57 . 23 2 11 10 15 -1 156 -. 033 .65 58.9 0 2 
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OBSERVED-AGK2 
1 

OBSERVED -AGK2 

Zone Star 
1 

B.D. No. 6a 
1 

,:H 1 Epoch /No.,, Zone 1 
Star 

1 

B.D. No. 
1 

Âa 
1 

Â~ 1 Epoch 1 No. 

17 1020 52 279 -.032 -.23 58.29 2 12 1317 12 189 . 012 . 69 57 . 77 3 
17 1022 56 221 -.058 .12 59.00 2 17 1321 54 315 . 038 -.04 58 . 31 2 
17 1025 62 224 -.035 .zs 58.78 2 11 1325 0 247 . 031 . 42 58 . 84 4 
14 1039 24 190 -.041 -.29 59.31 2 16 1327 41 300 -.026 . 49 58 . 88 2 
12 1047 8 187 .018 -1.18 58.22 2 15 1335 29 260 -.002 . oo 57 . 37 2 

18 1049 70 87 -.027 -.22 57.75 2 11 1341 -2 242 -.015 -. 31 58 . 48 3 
11 1056 -2 184 .047 .18 58.82 2 13 1342 16 172 . 055 -. 04 59 . 07 4 
13 1059 18 163 .020 .07 57.75 2 13 1344 18 207 -.025 -. 25 57 . 88 2 
17 1065 59 220 .081 -.72 58.94 2 11 1349 3 216 -.005 . 25 58 . 80 2 
12 1075 6 185 -.029 1.51 57.79 2 12 1361 13 238 -. 023 . 36 57 . 73 4 

16 1077 49 335 .010 .09 57.67 2 12 1363 7 234 . 099 . 01 57 . 35 2 
18 1079 80 34 -.175 .14 58.22 2 17 1367 51 338 . 074 . 58 58 . 30 2 
12 1083 12 155 -.007 -.11 58.81 2 12 1375 9 189 . 038 -. 47 57 . 22 2 
16 1103 43 262 -.031 .63 58.83 2 16 1380 46 397 -. 040 . oz 57 . 28 2 
18 1111 76 39 -.490 o.oo 57.41 2 16 1384 47 462 .1 53 -.51 57 . 90 2 

11 1114 0 215 .001 .79 57.84 2 14 1386 23 211 -. 061 . 40 58 . 12 3 
15 1122 39 301 -.025 -.36 58.89 2 15 1390 32 280 . 014 . 57 57 . 79 2 
14 1125 21 173 .034 -.33 58.22 2 12 1412 9 194 . 014 -. 28 57 . 53 4 
12 1130 6 195 -.066 1.49 57.24 2 15 1416 28 273 -.019 -.45 58 . 33 2 
15 1131 33 205 .025 .34 58.76 2 11 1440 2 244 . 030 . 98 57 . 54 4 

12 1139 11 167 .053 .27 58.23 2 11 1453 - 2 270 . 046 -. 36 58 . 43 2 
17 1144 64 150 -.049 .05 57.75 2 14 1458 22 257 -.022 -1.26 58 . 86 2 
15 1145 36 224 .057 • 11 57.42 2 13 1464 17 247 . 001 -. 21 57 . 75 2 
13 1156 14 204 .027 .26 57 . 21 2 16 1466 44 352 -.088 -. 11 57 . 83 2 
17 1158 68 94 .046 -.89 57.28 2 11 1478 3 230 -.001 -. 05 59 . 34 2 

11 1165 -4 189 -.095 -.17 57.76 2 13 1483 15 251 .031 - . 16 57 . 78 2 
12 1172 13 204 .ooo .78 57.15 3 15 1487 24 250 . 067 .11 57 . 79 2 
15 1176 25 228 .065 -.52 58.58 4 12 1493 10 225 . 043 -.19 58 . 76 2 
15 1182 32 245 -.024 -.06 58.76 2 12 1503 13 266 . 010 -.08 57 . 44 3 
16 1185 47 398 -.053 -.47 58.78 2 12 1504 5 232 .034 -. 20 58 . 30 2 

14 1187 22 221 .080 .53 58.31 2 11 1513 0 264 . 072 -.81 59 . 99 5 
12 1189 7 204 .025 -2.09 58.34 2 11 1525 1 313 . 076 -.os 57 .7 6 2 
17 1191 58 230 .025 -.oz 58.32 2 15 1527 26 290 -.108 -1.08 58 . 35 2 
17 1193 56 264 -.006 -.21 58.24 2 16 1535 40 362 .254 -1.61 57.78 2 
11 1210 -1 182 -.010 .98 57.78 2 11 1537 -4 269 -.018 -.78 58 . 84 4 

15 1214 34 243 .009 .88 58.31 2 11 1560 0 289 .059 -.60 58.30 2 
11 1230 -2 213 -.036 .12 58.76 2 12 1561 12 231 .066 . 16 58 . 34 2 
13 1232 17 206 .006 -.38 58.54 4 11 1563 0 274 -.019 -.27 58 . 30 2 
15 1241 24 212 .036 -.88 57.28 2 16 1577 41 353 -.077 -.68 57 . 75 2 
17 1244 51 308 .027 .61 58.79 2 15 1578 34 311 . 021 -. 29 58 . 77 2 

11 1245 1 262 -.023 -.05 58.89 2 17 1583 61 334 -.039 . 24 57 . 16 3 
16 1267 48 448 -.005 .44 58.29 2 15 1586 32 323 -. 094 . 68 57 . 29 2 
12 1269 8 238 .034 -1.35 57.28 2 15 1589 26 3 03 -.039 -1.40 57 . 78 2 
17 1273 65 173 .147 .26 58.22 2 16 1606 42 388 -.036 - 1 . 35 57 . 79 2 
17 1275 59 261 .020 -.42 57.89 3 13 1619 17 273 -.001 . 28 57 . 37 2 

18 1278 72 75 .012 .61 57.79 2 13 1621 15 273 -. 0 10 • 11 57.85 2 
11 1289 -1 199 .040 -.32 59.34 2 16 1630 46 467 -. 062 -.78 58.79 2 
17 1295 57 308 -.089 -.02 58.83 2 11 1638 0 3 0 2 . 068 . 55 58.31 2 
1 2 12% c; 1% .012 -.61 'i8 0 78 2 11 1641 3 257 .n17 - . 12 'iR • 31 2 
17 1309 50 299 -.089 .19 57.89 2 12 1655 6 296 -.011 . 35 58 . 55 4 
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OBSERVED -AGK2 
1 

OBSERVED-AGK2 

Zone 1 Star 
1 

B.D. No. /:;. a 

1 

/:;. ~ 1 Epoch 1 No./1 Zone 1 
Star 

1 

B.D. No. 
1 

/:;.a 

1 

l:;. ~ 1 Epoch 1 No. 

4 1657 23 254 - . 053 - . 28 58 . 34 2 16 1901 45 5 57 . 044 .03 58.34 2 
16 1658 40 400 - . 011 - . 42 58 . 79 2 17 1905 65 234 -.101 -.62 57.75 2 
17 1662 53 419 . 007 .34 57 . 86 2 15 1908 35 416 -.001 .48 5R.43 2 
12 1671 l'3 296 . 040 -.53 58 . 78 2 16 1920 47 583 - . 045 -.36 57.81 3 
17 1674 69 123 . 022 - . 2'-l 'i 7 • 27 2 12 1924 9 280 - . 010 - .19 57.81 2 

17 1694 51 444 . 006 - . 54 57 . 30 2 17 1925 58 399 . 059 -.30 57.79 2 
15 1696 34 33A - . 022 - . 11 57.29 2 12 1927 13 351 . 077 • 11 58.29 2 
17 l 736 62 '132 - . 026 - . 15 57 . 29 2 13 192A 19 332 - . 008 .43 5R.43 2 
13 1738 15 286 - . 025 . 62 57 . 31 2 11 1929 -2 379 .024 - . 47 58.86 2 
15 17'39 2A '135 . 060 -1 . 27 57 . 33 2 16 1941 46 538 . 047 . 07 58 . 92 2 

17 1744 55 466 - . 007 - . 01 57 . 85 2 15 1942 25 368 - . 076 -.88 58 . 86 2 
16 1749 40 415 - . 277 - . 05 57 . 27 2 3 1950 18 284 -.001 - .19 57 . 29 2 
18 1752 81 67 . 017 . 05 57 . 44 3 17 19 51 49 602 - . 097 - . 07 57 • 77 2 
15 1758 39 450 - . 041 1 . 19 57 . 29 2 14 1956 20 358 - . 041 1.52 58.77 2 
12 1759 6 314 - . 024 - . 06 58 . 55 4 16 1966 41 430 -.033 0 4A 58.79 2 

16 1768 47 544 . 008 . 89 57 . 76 2 18 1968 77 78 .066 .50 57.27 2 
12 1769 12 264 . 003 . 03 58 . 30 2 12 1971 10 306 - . 003 -.55 57 . 81 2 
12 1773 4 340 . 050 - . 35 59 . 32 2 16 1973 48 642 . 110 -.40 57 . 22 2 
11 1776 -1 276 -. 017 - . 15 58 . 44 2 5 1983 29 385 . 017 - . 42 58.31 2 
15 1777 31 354 -. 012 - . 16 58 . 30 2 11 1984 1 403 .031 .14 5R.89 4 

16 1778 44 406 . 037 . 32 57 . 37 2 12 1987 9 294 .012 .34 59.30 2 
11 1780 0 335 . 107 . 56 59 . 12 4 11 1990 -3 345 . 032 1 . 26 58.90 2 
16 1784 42 430 . 076 . 04 57 . 24 2 13 1991 16 266 - . 012 -.42 58.29 2 
15 1785 36 394 . 049 . 06 57 . 29 2 15 1996 33 399 . 061 .07 59.47 2 
13 1787 lR 261 . 018 -. 31 58 . 34 2 16 2001 44 456 - . 005 .56 57.89 2 

13 1790 14 328 . 015 - . 34 59 . 36 2 11 2006 -2 389 . ooo . 29 58.86 2 
12 1792 8 316 . 065 - . 08 59 . 92 2 15 2011 36 458 - . 042 .64 5R.79 2 
17 1796 6, 277 - . 058 .60 5R . 31 2 12 2015 7 362 -.054 -.34 57.31 2 
15 1798 35 396 . 046 . 37 58 . 80 2 15 2031 31 403 . 019 .57 57.89 2 
13 1807 17 306 . 059 - . 21 58 . 60 4 17 2036 54 525 -.042 .28 58.31 2 

14 1808 22 298 . 001 - . 46 58 . 30 2 17 2038 58 450 .006 .39 57.75 2 
17 1814 56 416 . 036 - . 03 57. 77 2 15 2045 30 379 .038 .22 57.31 2 
17 1827 59 403 - . 018 - . 04 57 . 30 2 12 2046 9 306 . 014 .24 57.82 2 
12 1829 9 266 -. 008 . 19 58.89 2 14 2049 22 331 .013 -.15 57.30 2 
12 1836 4 348 . 026 -.15 57 . 30 2 12 2055 11 326 .049 .44 58.35 2 

12 1842 12 282 . 024 - . 63 57 . 29 2 11 2057 0 391 .060 -.37 58.46 2 
17 1846 69 136 -. 007 . 17 58.30 2 15 2060 37 538 .072 -.01 59.52 4 
11 1848 '-l 284 . 030 - . 75 58.36 2 11 2072 0 357 .01 0 -.28 58.42 2 
17 1849 51 500 - . 068 .54 58.31 2 18 2073 78 82 .056 .30 57.77 2 
11 1851 0 352 . 030 . 62 ':;7 . 75 2 12 2079 7 375 .054 -.39 57.24 2 

12 1862 5 285 . 079 -1 . 24 58 . 28 2 15 2083 35 465 -.036 .45 57.29 2 
13 1863 15 305 . 035 . 43 57.44 3 12 2084 10 318 .049 .0 3 57.84 2 
12 1866 10 292 . 033 . 23 57 . 86 2 17 2090 55 609 -.010 -.12 58.43 2 
11 1870 -1 296 . 048 .56 59.33 2 16 2092 46 565 -.03 0 . os 58.41 2 
11 1878 -3 320 - • 021 -.01 57.88 2 17 2095 59 483 -.049 .30 57.76 2 

17 1885 5, 459 - . 015 -.06 57.89 2 15 2096 28 409 .003 .89 59.18 4 
15 1886 31 370 . 057 -.04 59 . 88 2 18 2100 73 136 -.052 .20 57.84 2 
14 1888 21 291 -.008 . 17 58.30 2 15 2109 '-l l 41A .02 3 .31 57.30 2 
14 1889 22 309 - . 001 -.38 58.79 2 11 2114 -3 375 . 007 -.37 59.21 2 
12 1900 11 288 .01 0 - . 19 57.82 3 12 2121 6 360 .067 .26 58.65 4 
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OBSERVED-AGK2 
1 

OB SERV E D-AGK 2 

Zone 1 Star 
1 

B . D. No . Aa 
1 

A~ 1 Epoch 1 No.li Zone 1 
Star 

1 

B . D . No. 
1 

Aa 
1 

A~ 1 Epoch 1 No. 

13 2129 16 291 - . 006 - . 59 57.79 2 12 2399 8 416 -. 004 -. 38 58 . 77 2 
14 2131 22 347 -.063 1 . 28 57 . 85 2 15 2403 28 456 . 031 - 2 . 42 58 . 32 2 
11 2142 -1 338 . 014 • 69 58 . 32 2 12 2409 13 446 -. 014 . 66 58 . 27 2 
14 2155 23 330 . 001 - . 33 57.76 2 15 2411 33 503 -. 023 - • 1 7 60 . 77 3 
17 2162 52 587 - . 033 -.20 58 . 88 2 13 2413 16 342 . 025 . 50 57 . 94 2 

15 2165 30 399 - . 104 - . 51 58.43 2 17 2420 64 346 . 038 -. 28 58 . 81 3 
16 2168 43 504 - . 036 1 . 07 58 . 30 2 15 2422 38 551 . 147 . 01 58 . 90 2 
12 2171 5 343 .066 - . 36 58 . 30 2 16 2428 42 628 -. 092 -. 68 58 . 43 2 
16 2176 47 640 . 008 . 06 58.35 2 14 243 1 21 374 -. 028 . os 57 . 89 2 
13 2185 18 315 . 052 . 28 57 . 86 2 13 2442 17 438 -. 050 . 56 57 . 90 2 

11 2213 -4 412 .024 . 20 57 . 94 2 13 2454 19 424 . 027 . 77 56 . 96 2 
14 2217 20 416 - . 022 . 25 58 . 46 2 15 2465 32 507 -. 0 18 . 56 57 . 75 2 
12 2221 6 380 - . 003 . 24 58 . 3() 2 4 2468 20 467 -. 121 . 20 59 . 3') 2 
11 2222 -1 152 . 071 • 01 57 . 94 2 11 2470 - 4 476 -. 004 . 29 5 7. 78 2 
12 2224 14 418 -. 012 - . 35 59 . 34 2 16 2496 44 591 . 060 . 18 58 . 53 2 

18 2226 80 80 • 103 .52 57 . 79 2 17 2499 51 640 . 077 -. 64 5R . 43 2 
15 2228 29 434 . 032 - . 32 58 . 35 2 12 2511 6 436 . 009 • 11 59 . 31 2 
12 2235 5 356 . 014 .40 57 . 29 2 11 2513 15 397 -. 038 - . 19 57 . 78 2 
11 2254 2 400 . 033 . 16 58 . 32 2 18 2517 75 109 -. 204 -. 76 59 . 34 2 
11 2260 0 187 . 001 . 26 58 . 35 2 15 2523 28 4 73 -. 054 - 1 . 08 58 . 92 2 

15 2261 30 414 -.060 . 02 57 . 37 2 12 2534 14 484 . 042 . 38 58 . 00 2 
17 2266 62 426 - . 012 . 01 57 . 84 2 13 2536 18 370 . 025 1 . 29 58 . 39 2 
15 2268 38 510 . 053 . 30 57 . 78 2 12 25 4 9 10 388 . 098 - • 16 57 . 78 2 
15 2270 ZR 437 . 021 - • 81 59 . 31 2 16 2554 46 656 -. 002 . 16 58 . 32 2 
13 2272 15 354 . 004 1 . 24 58 . 30 2 15 2557 37 660 . 023 . 02 57. 90 2 

18 2273 74 112 - . 139 . 32 57 . 84 2 11 2562 - 3 459 . 054 -. 50 58 . 90 2 
12 2275 13 410 . 031 . 31 58 . 34 2 4 2567 22 405 . 031 -. 32 58 . 3 4 2 
12 2276 9 339 . 038 - . 14 59 . 35 2 lR 2580 85 su - . 208 . 41 59 . 35 2 
15 2278 26 432 . 029 . 16 58 . 78 2 1A 2585 72 153 . 145 - 1 . 05 59 . 45 2 
18 228"3 72 141 - .191 . 30 58 . 34 2 12 2586 5 420 -. 012 -. 41 59 . 44 2 

15 2286 36 524 • 02 0 -: • 2 7 60 . 03 2 13 2608 17 461 . 039 . 09 57 . 78 2 
13 2289 17 403 - . 021 - . 43 59 . 93 2 15 2627 26 496 . 076 -. 39 57 . 40 2 
12 2298 11 365 . 003 - . 29 57 . 28 2 11 2635 0 471 . 069 . 23 58 . 35 2 
13 2308 19 394 - . 024 • 11 57 . 51 1 18 2637 74 128 . 010 -. 51 58 . 30 2 
12 2325 7 408 - . 015 -1 . 30 57 . 89 2 14 2638 22 416 - . 049 -. 17 57 . 90 2 

18 2328 70 198 -.083 .63 57.74 2 12 2642 12 422 . 035 . 10 59 . 40 4 
15 2333 35 531 . 047 -.37 5R . 30 2 15 2643 35 607 . 025 . 20 58 . 43 2 
12 2338 12 370 -. 022 -.61 5 8. 31~ 2 16 2650 42 681 -. 053 . 13 58 . 84 2 
13 2339 17 414 - . 047 1 .11 58 . 32 2 16 266Fl 4 0 653 -. 062 . 16 57 . 94 2 
14 2340 20 444 - . 043 1 . 37 58 . 32 2 5 2669 37 688 -. 078 . 16 57 . 87 2 

17 2341 67 222 . 001 . 71 <;9 • 31 2 14 2677 19 449 . 001 . 56 57 . 83 2 
11 2346 -2 469 . 026 1 . 21 58 . 42 2 12 2682 10 405 . 034 -. 64 5R . 89 2 
15 2350 24 381 . 026 - . 31 58 . 99 2 12 2686 13 494 . 003 - . 77 58 . 42 2 
16 2351 40 568 .078 -.43 59 . 36 2 17 2688 50 691 -. 050 . 29 58 . 34 2 
16 2355 44 560 .041 - .17 57.38 2 16 2692 45 700 -. 058 -. 25 58 . 31 2 

14 2357 21 366 . 076 1.14 <;7 . 78 2 11 2694 -4 52 0 . 004 . 03 58 • 41 2 
11 2184 1 474 .052 . 20 <; 7 • 2A 2 12 2703 A 461 . 064 . 25 5R . 46 2 
14 2385 23 362 .038 . 29 57.79 2 15 2711 25 484 -. 105 . 73 57 . 93 2 
17 2393 54 602 .014 . 20 57 . 90 2 15 2712 27 477 . 200 - 1.19 59 . 35 2 
16 2394 44 569 .026 . 53 58 . 31 2 14 2715 22 431 -. 041 . 26 57 . 94 2 
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OBSERVED - AGK2 OBSERVED-AGK2 

Zone I Star B . D. No. B.D. No . 1 Epoch I No. 

13 2718 17 489 -.025 - .03 58.3 0 2 17 3011 65 345 .022 -.11 57.42 2 
17 2720 58 556 -.037 -.97 58.88 2 17 3012 55 785 -.074 .47 58.88 2 
12 2726 11 434 .013 .15 58 .46 2 12 3014 6 527 .093 -.64 58.9 0 2 
11 2730 3 431 .045 .95 58.31 2 11 3042 u 546 .102 .26 57.38 2 
17 2731 53 616 .073 .45 57.40 2 14 3047 23 456 -.029 - • 18 56.95 2 

11 2743 4 496 .012 .69 57.85 2 15 305 0 32 629 -.012 -.20 58.77 2 
11 2752 0 522 .055 .63 56.95 2 15 3052 39 789 - .011 -1.18 58.99 2 
12 2754 12 441 .046 .49 58.42 2 13 3054 16 444 .117 -.3 9 57.84 2 
11 2781 -3 502 -.044 .69 57.83 2 13 3069 15 493 .044 -.83 57.84 2 
12 2800 6 492 -.022 1.03 57.93 2 16 3073 44 717 -.027 .19 57.4 0 2 

18 2807 73 171 -.024 -.30 57.85 2 17 3075 57 727 -.019 -.26 58.30 2 
15 2809 29 534 -.102 • 61 57.81 2 12 3082 9 447 .019 .23 58.86 2 
12 2813 7 481 .069 .27 57.87 2 12 3091 7 514 .044 . 09 57.88 2 
15 2823 30 505 .094 .68 57.96 2 12 3094 6 540 -.029 -.54 57.94 2 
15 2825 24 451 .004 -.77 58.34 2 13 3108 18 494 .033 .21 58.76 2 

17 2840 63 404 .034 .25 59.00 2 15 3111 29 571 .034 -.34 58.88 2 
15 2842 32 585 -.047 -.23 57.81 2 15 3117 27 519 -.006 -.90 58.43 2 
12 2850 8 480 .023 -.86 58.30 2 12 3131 13 568 -.031 .16 57.39 2 
12 2851 12 453 -.032 -.83 58 .42 2 17 3136 62 581 .051 .18 58.42 2 
11 2859 -2 581 -.005 .40 59.33 2 12 3137 14 575 -.011 -.15 57.27 2 

17 2861 59 616 -.053 .45 57 .96 2 18 3141 73 188 -.049 .01 57.85 2 
11 2862 3 447 .029 .13 59.46 4 12 3142 9 453 .001 -.26 58.83 3 
13 2863 15 453 .004 -.64 58.45 2 11 3161 2 563 .004 .19 58.40 2 
16 2873 41 641 -.063 -.88 57.94 2 12 3162 10 460 -.004 -.87 58.31 2 
11 2880 -1 466 .029 -.40 59.37 2 16 3167 46 774 -.099 .62 57.94 2 

17 2883 61 546 -.034 .34 58.34 2 17 3171 52 703 -.031 .57 58.42 2 
11 2893 2 510 .072 -.14 58.30 2 lR 3172 79 106 .209 -.31 57.99 2 
17 2896 5'3 639 -.007 -.14 57.41 2 7 3173 65 352 .019 .22 58.90 2 
18 2902 81 107 -.145 -.24 57.28 2 12 3181 8 537 .052 .44 58.87 2 
16 2917 42 738 -.018 -.01 57.37 2 15 319 0 3 0 557 -.051 .12 58.30 2 

17 2922 67 256 -.018 -.58 57.86 2 15 3199 36 732 -.027 .04 58.46 2 
16 2923 47 RO2 -.152 -2.42 57.94 2 11 3202 0 622 .059 .50 57.86 2 
15 2924 36 6 76 -.014 -.57 57.97 2 17 3206 6 0 720 -.007 -.61 57.84 2 
16 2932 45 740 .oos -.01 57.97 2 13 3232 15 516 .002 .03 57.39 2 
17 2933 57 715 -.007 -.31 59.32 2 15 3234 26 596 -.060 -.76 57.39 2 

14 2934 19 507 .067 .24 59.62 4 18 3249 77 131 -.131 .48 57.29 2 
11 2937 0 565 .041 .91 58.86 2 15 3252 34 712 -. 061 .37 5R 0 76 2 
14 2939 24 471 -.044 .04 58.31 2 13 3257 18 521 -.015 -.01 57.83 2 
12 2943 5 479 .057 -.56 59.53 3 15 3259 38 788 . 0 02 .1 8 58.46 2 
15 2945 26 542 .003 -.16 58.90 2 14 3275 2 0 616 -.103 1.69 57.88 2 

18 2946 R2 82 -.296 .34 5R.41 2 12 '3280 11 51 0 .002 .76 57.39 2 
11 2953 -4 570 -.072 -.13 59.35 2 16 3285 44 782 .037 -.06 57.38 2 
12 2956 7 500 -.031 -.35 58.99 4 16 330 0 48 987 -.006 .44 57.87 2 
12 2958 10 432 -.041 -.os 57.85 2 11 3301 -2 707 .06 3 -.42 58.31 2 
16 2980 48 904 .023 -.06 56.95 2 11 3307 1 656 . 0 47 .42 58.8R 2 

13 2989 16 436 .ooo -.09 57.87 2 15 3309 31 644 . ooo .69 58.88 2 
13 2991 19 523 -.020 .62 57.39 2 12 331 0 6 581 -. 0 20 . 33 57.86 2 
12 3000 14 559 .009 -.34 58.36 2 11 3318 2 6 03 .027 .19 57.8 9 2 
17 3007 62 566 .097 .37 59.26 3 15 3323 36 749 -.106 .44 58.39 2 
11 3009 1 590 .040 . 0 7 57.82 2 12 3326 10 47 9 -. 0 13 .70 58.99 2 
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1 

OBSERVED-AGK2 
1 

OBSE RVED - AGK2 

Zone 1 Star 
1 

B.D. No. 6 et 

1 

6/i 1 Epoch 1 No.,, Zone 1 
Star 

1 

B.D. No. 

1 

6 et 

1 

6ô 1 Epoch l No. 

16 3327 46 795 . 045 .20 59.03 2 18 3618 76 149 . 075 1 . 48 58 . 28 2 
17 3332 49 10 24 -. 050 - . 48 58 . 88 2 11 3629 0 642 . 050 . 38 58 . 42 2 
18 3333 84 66 -.090 1 . 35 58 . 28 2 14 3631 21 591 -. 028 -1.43 58 . 86 2 
11 1135 4 58R - . Olll -.41 59 . 34 2 12 3646 7 597 -. 002 . 18 58 .43 2 
12 3339 12 508 . 0 0 4 -.34 57 . 9 0 2 11 3661 3 563 . 005 . 14 57 . 97 2 

17 1343 66 290 - • 001 - • 12 57 . 87 2 15 3668 25 678 . 032 . 06 57 . 85 2 
17 3346 55 827 -.076 -.07 57 . 94 2 12 3672 9 543 -. 053 -. 17 57 . 99 2 
15 3349 26 617 - . 114 -.RZ 5R . 89 2 17 3691 55 8 52 . 014 -. 33 56 . 94 2 

5 3354 30 576 . 014 -1 . 12 58.91 2 12 3705 13 651 -.041 - 1 . 25 57 . 82 2 
12 3368 8 573 -.010 -.18 58 . 45 2 14 3708 21 603 -. 059 -.01 58 . 34 2 

13 3378 15 537 . 093 . 38 57 . 94 2 11 3710 1 713 -. 024 -. 40 58 . 4, 2 
17 3387 65 373 -.043 . 47 59 . 14 4 15 3715 36 844 . 063 - 1 . 10 58 . 86 2 
16 3399 43 832 -.021 . 12 57 . 42 2 17 3721 69 241 . 051 . oz 58 . 32 2 
12 3401 11 530 . 063 -.39 57 . 89 2 16 3728 47 953 -. 026 -. 36 59 . 02 2 
18 3403 75 151 -.009 . 90 57 . 98 2 13 3729 17 694 -. 001 . 63 59 . 34 2 

16 3405 47 904 -.058 . 37 58 . 90 2 15 3732 33 811 . 037 - 1 . 18 58 . 99 2 
11 ,409 2 61R . 026 . ZR 59.35 2 12 3737 10 548 -.043 - 1 . 21 58 . 90 2 
11 3417 -3 625 -.028 1 . 45 59 . 32 2 15 3742 28 632 -.073 . 51 57 . 95 2 
14 3425 22 588 . 022 . 47 59 . 02 2 15 3743 39 956 . 056 . 06 59 . 34 2 
16 3427 45 836 . 097 - . 89 57 . 96 2 16 3746 44 881 . 049 -1. 00 58 . 44 2 

16 3434 49 1057 - . 012 - . 03 58 . 94 2 12 3758 14 672 . 008 .1 8 58 . 34 2 
13 3435 14 624 . 072 .69 58 . 40 2 12 3766 7 620 . 042 -. 10 57 . 89 2 
16 3437 40 R55 . 088 . 15 59 . 47 2 12 3772 8 656 . 042 -.42 57 . 81 2 
17 3440 62 622 . 096 1 . 24 59 . 40 4 17 3784 61 690 . 028 -.24 57 . 51 2 
15 3443 25 642 .030 .45 58 . 99 2 15 3788 25 690 . 031 -. 31 57 . 86 2 

13 3445 16 528 . 050 . 22 58 . 30 2 18 3796 74 197 . 100 -. 63 58.30 2 
11 ,453 4 602 . 021 . 72 59 . 33 2 17 3806 52 806 -. 014 . 31 57 . 83 2 
12 ,462 10 502 . 011 . 57 58 . 92 2 11 3807 2 673 -. 024 -. 06 57 . 99 2 
15 3470 33 747 . 004 - . 32 57 . 29 2 13 3809 19 692 . 040 . 54 58 . 34 2 
u 1477 19 625 . 041 -.71 57 . 39 2 14 3812 21 617 -. 005 -. 15 57 . 99 2 

11 3478 2 628 . 064 . 52 58 . 3 0 2 13 3814 17 702 -.006 .1 2 58 . 86 2 
17 3495 51 817 . 081 -.48 57 . 96 2 12 3827 5 622 -. 041 . 37 57 . 39 2 
13 3496 15 557 -.037 -.08 59 . 10 4 15 3832 3 0 651 -. 101 -.70 58 . 32 2 
12 3508 8 605 . 004 -.37 59 . 16 4 12 3844 12 577 . 003 - . 13 57 . 53 2 
17 3517 66 301 . 079 • 61 58 . 28 2 17 3848 63 494 -. 054 -. 63 58 . 00 2 

16 3520 45 858 -.0 0 5 • 13 57.42 2 7 385 7 68 319 . 046 . 03 58 . 34 2 
17 3533 63 470 .040 .41 59.14 4 15 3860 27 656 -.011 . 32 57 . 99 2 
12 ,541 9 525 -.010 - . 39 58 . 3 0 2 11 3864 0 734 . 011 . 32 58 . 86 2 
12 3542 13 627 .0 0 4 -.57 57 . 85 2 11 3866 -4 806 -.018 . 22 57 . 99 2 
16 3543 47 927 -. 0 71 . 0 9 57 . 96 2 15 3881 32 778 -.046 -.30 56 . 96 2 

15 3548 38 832 . 031 . 49 57.53 2 11 3885 0 690 . 021 -. 16 57 . 41 2 
12 3565 6 617 . 048 • 0 9 57.42 2 11 3889 -2 883 -. 075 -. 22 59 . 02 2 
13 3576 18 574 .014 -.37 57.84 2 12 3900 7 637 -.002 . 60 58 . 44 2 
12 3577 14 643 . 030 .56 58.31 2 16 3912 44 942 -.016 • 77 56 . 96 2 
12 357 8 R 62 5 . 068 • 6 7 58.89 2 15 392 0 25 71 c., . 0 9 8 -.56 57 . 85 2 

11 35R3 2 641 0 05R 1 . 27 57.96 2 16 3922 46 R82 - . 011 . 52 5R . 34 2 
11 %05 -3 6 76 -.016 -.25 57 . 96 2 15 3925 29 712 . 093 -1. 7 2 56 . 98 2 
16 %06 , 9 921 -.026 -. 0 1 57 . 8 5 2 12 3929 5 649 . 006 -.05 5R . 15 4 
15 3612 31 700 -.031 -.73 57.88 2 17 3933 51 924 -.008 -.29 58 . 87 2 
14 %13 22 629 -. 092 -.24 57.99 2 11 ,9,8 0 754 . OlR -.68 57 . 99 2 
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OBSE R VED - AGK2 OBSERVED-AGK2 

Zone I Star B . D. No. B . D. No. 
1 Epoch I No. 

17 1940 55 882 . 035 . 34 58 . 88 2 n 418 0 17 774 . 023 . 41 57 . 90 2 
16 1941 47 993 . 012 . 21 58 . 41 2 17 4191 61 727 . 021 - . 59 58 . 86 2 
11 1944 0 702 -. 039 - . 01 57 . 99 2 11 4203 -4 928 . 009 .50 58 . 95 2 
14 3963 23 698 . 003 -. 20 57 . 95 2 14 4204 21 692 - . 027 . 41 56.95 2 
12 1965 11 6 16 . 058 - . 60 57 . 27 2 11 4205 - 3 869 . 008 . 16 59 . 33 2 

18 1978 7S 182 - . 174 . 10 5 7 • 81 2 17 4212 55 922 - . 047 . îî 58 . 90 2 
15 3991 35 87 5 - . 075 -. 15 58 . 34 2 18 4226 7 0 320 - . 015 - . 76 59 . 91 2 
13 "3993 15 635 -. 007 • 6 5 58 . 32 2 1î 42% 19 777 . 015 1 . 32 58 . 92 2 
11 1994 - 4 R51 -. 075 . R9 5R . 4'l 2 12 4237 6 752 . 022 . 20 59 . 00 2 
16 3997 41 884 . 069 - 1.21 59 . 0 1 2 17 4241 59 831 -. 040 -.47 58 . 99 2 

12 3999 8 702 . 055 . 17 59 . 02 2 lR 4244 72 238 -. 066 -. 56 58 . 00 2 
18 4007 82 118 -. 149 . 24 57 . 85 2 11 4246 0 845 . 054 - 1 . 26 5R . 30 2 
11 4008 2 726 . 066 -. 74 58 . 43 2 12 4253 12 649 . 014 . 32 58 . 38 2 
17 4022 52 843 . 006 . 49 57 . 39 2 17 4262 53 Rl7 . 045 . 27 57 . 53 2 
17 4023 59 Rll . 001 . 12 57 . 95 2 11 4266 0 774 . 053 -. 62 58 . 4î 2 

12 40î4 12 606 . 021 . 46 57 . 97 4 17 4269 56 975 -. 034 -. 26 58 . 90 2 
15 404 0 34 891 -. 165 -. 48 58 . 34 2 11 4274 - 2 1021 -. 037 . 35 58 . 95 2 
11 4047 - 4 865 -. 030 . 14 58 . 39 2 12 4277 7 725 -. 009 1 . 35 58 . 31 2 
11 4049 1 768 . 023 -. 11 58 . 43 2 15 4281 28 698 -. 082 . 42 59 . 92 2 
14 4054 20 776 -. 055 - 1 . 75 59 . 94 4 12 4284 11 655 . 004 . 05 59 . 90 2 

12 4055 7 667 . 058 -. 13 59 . 3î 2 11 4288 3 684 . 039 . 60 58 . 34 2 
18 4065 76 165 -. 230 -. 23 57 . 83 2 17 4291 50 107 0 -. 055 . 27 58 . 98 2 
15 4066 37 94 1 . ooo . 34 56 . 97 2 12 4293 13 720 . 013 -.1 3 57 . 40 2 
16 4068 44 991 . 066 . 50 59 . 01 2 11 4325 4 76R . 051 - . 26 56 . 98 2 
11 4072 0 724 . 029 - . 38 58 . 42 2 17 4329 60 843 -. 020 . 22 57 . 99 2 

15 4073 32 815 -. OOR - 1 . 32 58 . 42 2 12 4333 8 789 -. 006 -. 33 58 . 87 2 
14 4076 21 668 . 045 -. 64 57 . 40 2 15 4340 % 95R . 017 . 37 57 . 90 2 
15 4090 25 720 . 076 . 10 59 . 32 2 13 4341 18 747 - . 042 . 45 58 . 39 2 
17 4091 58 761 . 043 -. 50 5R . 30 2 16 4343 45 999 - . 028 . 40 58 . 90 2 
12 4093 10 598 -. 026 . 05 57 . 86 2 16 4353 43 1124 . 030 - . 38 57 . 53 2 

16 4096 45 969 . 078 • 61 56 . 97 2 16 4361 41 1003 . 017 - . 23 56 . 96 2 
17 4 10 1 66 336 . 039 -. 95 59 . 89 4 18 4367 71 28 0 - . 078 . 60 57 . 99 2 
17 4102 56 954 -. 046 • 21 5R . 42 2 11 4374 0 802 . 026 -. 2 0 57 . 51 2 
16 4105 42 1015 -. 014 . 35 57 . 53 2 16 4375 47 1076 - . 028 -1.09 58 . 43 2 
12 41 12 R 728 -. 0'30 -. Rl 58 . 47 2 12 4377 13 737 . 020 -. 06 5R . 87 2 

13 4114 18 666 -. 018 . 31 59 . 01 2 12 4378 7 756 . 049 - • 13 58 . 42 2 
17 4 118 52 866 -. 043 . 26 57 . 93 2 15 4384 î3 926 . 003 - . 09 58 • 48 2 
12 4 121 6 730 . 024 . 67 58 . 29 2 11 4385 - 4 978 - . 008 . 29 58 . 57 2 
12 4123 11 636 -. 025 . 42 58 . 44 2 5 4387 37 996 -. 054 - . 28 58 . 34 2 
17 4126 50 1028 -. 066 . 62 57 . 83 2 12 4394 5 773 . 034 . 67 57.93 2 

15 4132 39 1042 . 015 . 41 57 . 53 2 15 4403 34 930 . Olfl - . 54 57 . 41 2 
13 4139 17 762 -. 019 . 90 5 8 . 58 2 11 4407 -4 987 . 017 -. 02 58 . 31 2 
17 4141 64 470 -. 008 . 52 58 . 42 2 3 4409 18 765 . 002 - . 06 57 . 95 2 
18 4142 80 147 - . 086 . 04 57 . 99 2 17 4415 57 849 . 049 -. 64 57 . 99 2 
15 4147 36 924 - .• 026 -1 . 10 57 . 90 2 17 4426 61 746 - . 049 -.28 58 . 34 2 

18 4150 R7 33 - . 845 .76 57 . 97 2 17 4438 65 449 - . 083 - . 17 56 . 99 3 
11 4155 -2 982 -. 017 -1 . 02 58 . 30 2 lR 4455 R2 132 -.05 3 - . 02 57 . 99 2 
18 4156 78 162 . 376 . 70 58 . 89 2 13 4457 15 719 -.0 07 - . 03 58.87 2 

5 4162 26 735 -. 075 . 28 59 . 95 4 17 4462 53 842 . 027 - . 13 58 . 81 3 
15 4178 25 725 -. 010 - 1 . 17 58 . 65 2 18 4473 77 179 . 094 - . 72 59.08 2 
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OBSERVED -AGK2 O BS E RV E D-A GK2 

Zone I Star B.D. No. Â Cl B.D . No. Â a 1 Epoch I No. 

18 4475 86 65 -.063 - . 17 57.95 2 7 4808 55 991 . 029 -. 82 57 . 95 2 
18 4482 73 269 .031 . 27 59 . 63 4 16 4817 45 1115 -. 028 . 25 57 . 99 2 
16 4485 47 1089 .026 - . 28 59.00 2 12 4822 9 823 -. 036 . 47 57 . 52 2 
17 4488 59 847 .106 - . 66 58 .45 2 18 4826 80 168 . 1 77 . 43 58 . 43 2 
12 4498 6 819 .038 - . 94 57 . 40 2 16 4827 46 1015 . 024 - 1 . 19 58 . 34 2 

18 4507 83 129 .037 . 63 57 . 97 2 14 4831 21 839 . ooo -. 24 5-J . 02 2 
17 4515 55 956 .024 -.54 58.55 2 12 4834 9 830 . 021 . 31 57 . 98 2 
17 4529 51 1027 - . 024 - . 06 57 . 64 2 12 4838 5 916 . 013 -. 95 58 . 87 2 
17 4530 58 807 . 042 .33 57 . 99 2 17 4840 65 474 . 048 . 21 59 . 01 2 
15 4531 35 976 .051 . 16 58 . 99 2 14 4842 24 831 -. 012 - 1 . 10 58 . 65 2 

12 4533 5 805 . 021 - . 14 58 . 87 2 16 4851 48 1274 . 022 -. 52 57 . 99 2 
11 4534 3 767 . 062 . 32 59 . 02 2 11 4852 1 1015 -. 003 . 62 57 . 90 2 
11 4537 -1 800 . 047 - . 23 59 . 30 2 14 4873 20 961 -. 054 -. 82 57 . 49 2 
15 4541 26 787 . 027 -. 17 58 . 45 2 15 4875 35 1133 -. 019 . 15 57 . 64 2 
11 4546 0 945 . 059 . 12 59 . 08 2 14 4877 21 857 . 041 -. 45 57 . 53 2 

15 4548 32 892 . 063 - 1 . 29 59 . 07 2 11 4881 1 1028 . 058 . 26 58 . 30 2 
n 4561 15 749 . 034 . 62 57 . 95 2 12 4883 13 908 -. 012 -. 68 58 . 99 2 
13 4577 18 783 . 010 - 1 . 09 57 . 39 2 16 4886 40 1310 -. 013 -. 95 58 . 17 2 
12 4585 14 840 - . 028 . 30 57 . 99 2 14 4889 23 922 . 025 -. 30 57 . 98 2 
17 4586 65 459 - . 005 -. 46 57 . 97 2 17 4895 53 917 -. 051 . 77 58 . 39 2 

17 4593 52 930 . 040 -. oz 58 . 87 2 17 4905 50 1184 -. 099 . 34 59 . 00 2 
15 4605 39 1198 . 059 • 6 2 57 . 93 2 17 4922 52 967 -. 010 . 12 58 . 00 2 
14 4626 24 782 -. 070 -1 . 17 57 . 97 2 17 4933 56 1034 . 051 -. 30 58 . 47 2 
15 4633 33 973 . 019 - . 35 57 . 82 2 3 49 4 2 17 950 -. 049 . 21 57 . 51 2 

7 4648 61 771 -. 014 . 25 57 . 85 2 12 4 956 14 948 . 012 . os 59 . 00 2 

11 4653 ' 812 -. 031 1 . 19 57 . 99 2 11 4958 2 1003 . 002 . zo 57 . 95 2 
16 4662 41 1124 -. 060 - . 6'i 'i7 • 94 2 16 4962 47 1174 . n3, -. 44 5R . 6() 2 
12 4686 8 904 . ooo -. 01 58 . 44 4 12 4969 6 962 . ooo -. 47 58 . 95 4 
12 4702 12 758 . 009 -. 98 57 . 40 2 13 4983 18 887 -. 004 -. 05 58 .1 4 2 
16 4705 45 1084 - . 017 -. 14 57 . 50 2 17 4993 56 1041 -. 086 . 30 57 . 51 2 

11 1-711 -2 1201 - . 028 . 15 57.99 2 13 5005 15 866 . 021 . 84 57 . 64 2 
17 4713 57 873 . 112 -1 . 23 58 . 44 2 12 5013 7 951 . 003 -. 33 59 . 26 4 
16 4716 47 1124 . 028 - . 29 58 . 87 2 15 5019 39 1367 -. 004 . 09 57 . 99 2 
15 4729 39 1251 - .037 . 38 58 . 39 2 17 5027 51 1096 -. 022 1 . 10 57 . 99 2 
11 4730 0 1003 . ooo . 17 59 . 41 2 14 5035 23 982 -. 050 -. 15 58 . 07 2 

12 4733 14 873 - . 057 - 1 . 09 58 . 47 2 16 50 4 0 43 1325 -. 031 - 1 . 02 58 . 15 2 
13 4742 15 787 . 005 - . 38 58 . 32 2 12 50 4 2 11 898 . 021 - . 16 56 . 98 2 
11 4746 -4 1102 -. 026 - . 32 '57 . 97 2 1A 5044 72 283 -. 021 - 1 . 24 57 . 08 2 
11 4749 -1 860 . 008 • 21 59 . 23 4 12 5045 14 978 -. 005 . 61 57 . 99 2 
15 4758 34 1004 . 047 - . 11 57 . 98 2 15 5052 34 1135 -. 035 . 19 57 . 71 3 

17 4759 67 380 . 011 - . 03 58 . 43 2 6 5093 46 1041 -. 003 . 64 56 . 97 2 
11 4772 4 905 . 011 - . 15 59.88 4 12 5094 8 1044 - . 008 . 07 58 . 64 3 
18 4775 7, 285 . 030 - . 59 58.99 2 13 5096 18 920 -. 005 . 21 58 . 15 2 

4 4780 22 884 - . 121 - . 4' 59 . 02 2 11 5103 0 1059 . 006 -. 05 57 . 99 2 
11 4783 3 864 - . 019 - . 40 57 . 90 2 17 5110 57 910 . 062 -. 25 59 . 44 3 

17 4798 52 955 - . 03, - . 29 58 . 08 2 11 5117 3 101A . ooo . 03 57 . 96 2 
12 4800 6 915 . 014 . 32 57 . 31 2 15 5125 ,8 1277 . 017 -. 37 57 . 64 2 
11 4801 1 992 . 058 -. 22 58.54 2 11 5131 - 2 1358 -. 047 -. 40 58 . 60 2 
13 4804 lR 839 .027 -1 . 05 59 . 11 2 18 5145 83 149 . 228 -. 60 57 . 97 2 
11 4807 -1 879 - . 037 . 52 58.96 2 17 5157 50 1225 . 017 . 10 56 . 97 2 
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OBSERVED-AGK2 Il OBSERVED - AGK2 

Zone Star 
1 

B. D. No . A a 
1 

Ao 1 Epoch 1 No./1 Zone 1 
Star 

1 

B . D. No. 
1 

Act 
1 

Ao 1 Epoch 1 No. 

17 5172 61 R26 . 033 . 28 57 . 96 2 12 5510 8 1210 . 008 -.2 2 57 . 99 2 
11 5175 2 1 063 . 015 -.46 58 . 59 2 17 5516 62 819 . 069 . 07 58 . 08 2 
11 5187 0 1086 -.01 0 -.25 58 . 60 2 16 5525 43 1474 -.005 -.95 56 . 65 2 
18 5200 75 237 -.082 - . 28 59.10 2 13 5531 15 1097 . 022 • 11 56.97 2 
15 5201 32 1098 . 100 -.47 58 . 88 2 16 5536 45 1259 . 003 -. 02 57.97 2 

11 5208 - 4 1251 . 018 -.55 58 . 99 2 17 5544 55 1062 . 036 .1 9 58.95 4 
16 5209 46 1054 -.108 -. 03 59 . 13 2 17 5548 59 952 .021 -.15 58.57 2 
17 5214 66 410 -.033 . 60 58 . 49 2 15 5549 35 1362 . 004 - • 10 58.12 2 
15 5218 31 1119 -. 014 - . 46 58 . 79 3 11 5550 -3 1339 -.051 .96 58.16 2 
18 5221 77 217 . 058 -.04 59 . 35 2 15 5552 33 1275 -. 012 -.95 57.56 2 

18 5225 81 194 . 015 -.44 59 . 00 2 11 5554 -1 1147 -.021 . 58 57.16 2 
17 5226 56 1 073 -.077 -.05 58 . 67 2 17 5564 50 1285 -.210 -.7 0 56 . 62 2 
11 5239 -2 1391 . 022 -.07 58 . 99 2 18 5579 87 41 .174 -.20 5R.98 2 
17 5247 52 1006 . 004 -1. 02 59 . 11 2 17 5581 52 1049 . 006 . 35 57 . 90 2 
16 5255 40 1446 . 023 -. 94 58 . 18 2 15 5586 25 118 0 . 038 -1.29 5R . 95 2 

15 5258 36 1282 -. 017 . 23 57 . 64 2 17 5587 64 575 . 003 -.29 58.54 2 
15 5261 25 1020 -. 018 . 93 57.60 2 11 5602 -2 1530 -.069 -.21 59 . 35 2 
16 5263 42 1433 . 020 -.67 58. 09 2 15 5610 26 1156 -.137 . os 58.11 2 
12 5264 9 995 -. 039 -. 22 58 . 14 2 15 5615 39 1575 -. 068 . 31 58.09 2 
16 5271 45 1194 -. 012 .17 58 . 44 2 12 5619 5 1164 -.021 . 06 58 . 90 2 

11 5279 -1 1059 . 018 . 54 59 .1 4 3 16 5625 48 1369 -.014 -.10 57·. 96 2 
12 5282 5 1043 -. 040 -.81 58 . 99 2 12 5627 13 1187 -. 0 11 -. 37 58 . 61 2 
17 5283 64 555 . 014 -.13 57 . 53 2 14 5637 21 119 0 . 048 -.52 58 .1 2 2 
13 5284 17 1051 . 007 . 62 58.17 2 16 5646 46 1129 -.009 . 06 58 . 17 2 
11 5289 0 1211 -.003 -.43 58 . 06 3 11 5650 -3 1386 . 016 -1.18 57 . 97 2 

15 5296 35 128 3 -. 080 -.8 9 57 . 97 2 16 5651 42 1533 . 041 -.38 58 .1 6 2 
17 53 15 6R 417 -.089 -.10 57 .1 4 2 18 5657 75 253 . 102 1 . 04 58 . 90 2 
14 5329 24 1045 -. 032 -.27 57 . 90 2 15 5661 25 1223 . 056 -.39 57 . 56 2 
12 5335 7 1072 . 041 . 17 58 .1 2 2 16 5663 45 1288 -. 025 -.33 57 . 60 2 
17 5351 62 801 . 001 -.49 58 . 61 2 13 5680 19 1313 . 021 . 09 58 . 49 2 

12 5353 11 986 -. 001 -.26 58 . 42 2 12 5682 6 1208 . 074 -.46 58.45 2 
17 5358 66 420 . 0 12 -.28 57 . 97 2 17 5686 50 1296 -. 023 -.75 58 . 17 2 
12 5359 9 1040 . 014 -.52 58 . 45 2 11 5692 -1 1212 . 146 .35 58 . 97 4 
11 5361 0 1242 . 019 -.7 9 59 . 07 3 17 5696 53 1013 -. 091 -.31 56 . 65 2 
15 5366 32 1155 . 021 -. 0 1 58 . 92 2 15 5699 34 1331 -. 019 -.57 58 . 14 2 

18 5375 82 155 -. 273 . 03 57.14 2 16 5705 40 1583 - . 032 . 48 58 . 17 2 
5 5388 37 1°389 -. 042 . 36 56 . 64 2 16 5713 41 1431 . 051 . 04 58.44 2 

13 5403 17 1101 -. 044 -.80 56 . 63 2 13 5714 18 1203 -. 010 .31 58.09 2 
12 5431 8 1173 . 024 -. 03 58 . 12 2 17 5721 62 840 . oso - 1.08 59.00 2 
11 5446 0 1270 . 074 . w:i 56.65 2 11 5722 -4 1490 -. 005 .5 9 58 .92 2 

11 5455 ' 1123 . 042 -.11 57 . 64 2 18 5723 78 225 -. 087 -.46 5 9 .14 3 
15 5459 33 1244 . 026 - . 46 58.09 2 12 5725 13 1229 -.011 .28 59.63 2 
16 5461 41 1 356 -.030 - .1 4 58.17 2 18 5726 77 239 -. 037 - . 52 58.45 2 
13 5463 19 1212 -.002 -.22 58 . 42 2 17 5733 55 1077 . 012 1.17 58.17 2 
12 5464 6 1116 . 077 -.55 58 . 49 2 17 5736 58 925 -.009 -1.43 5R.61 2 

15 5469 35 1341 -. 002 -.11 56 . 98 2 11 5758 0 1418 -.054 .14 57.99 2 
]R 5482 74 275 . 104 -.?'i 'iR . 44 2 12 5765 6 1246 . 022 .40 57 .1 6 2 
15 5490 25 1128 -.028 -.65 56 . 66 2 11 5797 -2 1624 . 015 . 04 57.08 2 
16 5494 49 1459 -. 035 -.52 57 . 16 2 12 5804 7 13 06 . 047 -.38 57.16 2 
15 5498 27 1006 -.025 -.24 57.97 2 17 5808 61 890 .021 .11 58.46 2 
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OBSERVED-AGK2 OBSERVE D-AGK2 

Zone I Star B.D. No. ÂCt Ab B.D. No. ÂCt Ab 1 Epoch l No. 

16 5Rl0 41 154R -.041 -. OR 59.0R 4 11 6186 -1 1447 . 032 -.23 57 . 11 2 
15 5Rl9 25 1102 -.0 04 -.04 5R.44 2 12 6187 14 1486 -. 003 . 15 57 . 59 2 
15 5823 32 1316 - . 081 .78 59.02 2 11 6195 -2 1829 -.038 -.os 58 . 65 2 

5 5826 37 1525 -.004 .33 57.99 2 15 6196 36 1528 -.045 -.49 58 . 90 2 
13 5844 16 1183 -.047 .28 57.42 2 12 6198 7 1520 -. 010 -.29 59 . 58 4 

15 5847 29 1261 -.021 .40 57.61 2 18 6204 85 98 -. 024 . 11 58 . 65 2 
11 'iR56 -1 1271 . 016 .OR 'i9 . 01 4 16 6214 47 1373 . rn2 -. 59 57 . 62 2 
12 5R67 7 1341 -.10 0 -.62 58.44 2 16 6226 41 1557 -.164 . 63 57 . 11 2 
17 5879 54 1050 -.012 - • 18 58.60 2 17 6229 57 1021 -.006 -. 10 59 . 01 4 
14 58R7 25 1126 .007 . 07 58.09 2 13 6247 17 1461 -.028 - • 19 57 . 60 2 

18 5889 72 324 . 045 -.90 58.63 2 13 6255 16 1346 -. 025 . 06 57 . 18 2 
11 5896 0 1489 .019 - . 15 56 . 97 2 11 6268 1 1622 . 032 . 04 57 . 10 2 
13 5902 17 1306 -.037 . 70 57.60 2 15 6288 29 1430 -. 035 -. 33 58 . 60 2 
17 5906 67 440 .007 -.11 57 . 49 2 16 6292 50 1381 -. 034 . 04 57 . 17 2 
17 5909 60 985 -.047 .36 57 . 99 2 17 6293 61 928 -.016 -.45 58 . 00 2 

14 5929 23 l42R .022 . 07 58 . 0q 2 lR 6295 73 160 -. 092 -.15 57 . 64 2 
15 5938 39 1689 - . 040 1.09 57.99 2 6 6312 43 1639 -.054 . 06 57 . 60 2 
18 5946 75 262 -.174 -.41 57 . 61 2 11 6331 -4 1793 . 032 -.69 57 . 62 2 
15 5954 36 14 71 -.021 -1.40 58.12 2 13 6333 16 1372 -.013 . 09 56 . 61 2 
17 5956 68 447 -.110 . 13 57.51 2 17 6346 63 686 -.055 . 16 56 . 63 2 

15 5971 35 1464 -.121 - . 54 57.15 2 17 6350 64 616 -.040 -. 2 1 57 . 99 2 
11 5978 -4 1610 -.06 0 . 06 58 . 31 4 11 6388 -4 1820 -. 037 . 09 57 . 60 2 
18 5981 80 217 . 090 - . 56 56 . 65 2 17 6400 68 464 -.051 . 32 57 . 18 2 
14 5987 20 1531 . 022 -.20 57 . 90 2 11 6403 -3 1750 - . 041 . os 58 . 14 2 
14 6037 22 1453 .008 -.76 57 . 16 2 18 6407 82 194 . 081 -. 49 58 . 00 2 

14 6046 24 1386 -.127 1 • 09 57 . 51 2 15 6420 3ü 1431 -. 002 . 28 57 . 96 2 
15 6047 37 1578 -.0 05 -.49 58 . 09 2 16 6423 47 1404 -.003 . 06 57 . 08 2 
15 6059 29 1342 . 009 .29 58 . 43 2 11 6425 2 1576 . 026 -.42 59 . 13 3 
15 6062 36 1501 - . oos -.23 57.10 2 17 6427 54 1111 . 041 -. 75 58 . 61 2 
17 6075 55 1125 . 010 - . 41 5 7. 51 2 12 6428 13 1570 . 028 . 42 SR . 10 2 

12 6080 5 1406 - . oos .62 57.51 2 14 6429 22 1596 . 029 -. 28 59 . 63 2 
17 6082 67 452 -.031 .38 59.47 2 17 6431 59 1053 . 005 . 38 57 . 63 2 
16 6083 41 1513 -.049 -.35 58.63 2 16 6436 50 1399 -. 018 . 27 57 . 69 2 
14 6085 22 1475 -.071 -1.51 59.07 2 16 6437 45 1394 -. 010 -. 38 57 . 65 2 
17 6090 66 467 .011 1.05 58 . 94 2 14 6451 24 1549 -. 022 -.56 59 . 10 2 

11 6097 -1 1387 -.049 -. os 59.01 4 11 6459 0 16 3 5 -.063 .79 58 . 09 2 
11 6102 -1 1600 -.042 -1.27 'i R • l 2 2 16 6460 40 1R07 . 008 -.61 57 . 61 2 
15 6113 32 1416 . 037 - . 63 57.61 2 12 6469 10 1453 -.149 . 87 57 . 05 2 
18 6115 74 303 . 020 .59 58.65 2 16 6481 42 1678 -.148 . 04 57 . 53 2 
11 6118 3 1414 . 045 -.14 58.63 2 11 6489 4 1627 . 042 -. 55 57 . 59 2 

15 6120 39 1756 . 023 .24 59.01 2 4 6503 23 1648 -.073 -.54 57 . 17 2 
13 6124 17 1409 .059 -.2 3 58.44 2 18 6504 78 243 . 051 -.69 57 . 61 2 
12 6126 12 .1310 .014 -.09 58.85 3 11 6507 -1 1613 -. 009 - . 61 57.16 2 
14 6133 20 1589 .0 01 -.48 58.63 2 14 6510 22 162 0 - . 003 -. 06 57 . 19 2 
16 6147 49 1556 -. 064 -.28 58 .57 2 12 6517 14 1615 -. 016 . 91 57 . 99 2 

11 6153 1 1565 .034 -.33 57.59 2 15 6523 37 1694 -. 012 -.42 57 . 59 2 
15 6159 38 1637 -. 034 .46 57.99 2 16 6537 41 1628 . 034 -1.69 56 . 70 2 
12 6174 10 1315 .0 05 -. 29 58.13 2 11 6549 -4 1885 -. 018 . 55 57 .1 6 2 
11 6176 -4 1714 -.0 04 .6 0 57.62 2 17 6563 59 1070 -. 014 - • 19 57 . 17 2 
13 6179 17 1441 -. 078 -.26 58.43 2 16 6564 49 1615 - . 031 - . 12 57 . 99 2 
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OBSERVED - AGK2 
1 

OBSERVED-AGK2 

Zone Star 
1 

B.D. No. Aa 
1 

A6 1 Epoch /No.//zoneJ Star 

1 
B.D. No. 

1 

Aa 
1 

A6 1 Epoch 1 No. 

13 6593 18 1577 . 032 . 78 56 .1 7 2 17 6933 58 1057 .006 • 11 58.54 2 
14 6594 23 1681 -.121 -.1 9 56.72 2 11 6938 -3 2019 -.056 . 96 58.60 2 
12 6595 15 1544 -.011 . oz 57 . 97 2 11 6941 -2 2251 -.024 .15 57.18 2 
15 6619 30 1489 -.034 . 05 57.17 2 16 6946 45 1476 -.029 -.65 57.10 2 
12 6631 14 1649 -.024 . 60 57 .1 8 2 11 6953 -1 1816 . 008 - • 16 58.17 2 

15 6644 28 1377 -. 064 -1.5 9 56 .64 2 15 6961 27 1464 -.010 .os 57.71 2 
13 6648 16 1466 -.0 36 . 01 57 . 60 2 15 6964 32 1615 -.006 . 06 57 . 63 2 
15 6655 33 1520 -.017 -.68 57 .6 1 2 16 6967 41 1717 -. 051 . 39 57.72 2 
17 6656 56 1208 -.097 - .4 2 58 .1 8 2 16 6978 44 1670 -.034 -.51 57.19 2 
12 6677 13 1663 -. 023 .77 57 .6 3 2 16 6980 43 1733 -.022 -.84 59.64 2 

11 6679 5 1652 -. 015 1.42 57.99 2 15 6982 26 1638 . 029 .88 58.09 2 
16 6685 44 1627 -.063 -1. 03 56.61 2 15 6988 38 1815 -.067 .oz 56.69 2 
14 6694 24 1659 -.124 - . 09 57 .1 7 2 13 6989 16 1551 -.030 .11 58.14 2 
11 6700 -4 1950 - .01 9 .7 3 57.60 2 16 6992 47 1484 -.057 . 86 57.61 2 
16 6705 48 1535 .021 .57 57.19 2 11 7008 1 1905 -.023 . 62 58.17 2 

11 6708 1 1811 .0 30 -.4"1 5R.18 2 15 7024 31 1668 -.035 .95 56.65 2 
12 6735 6 1690 .026 -.37 58 .1 3 2 11 7032 0 1828 -.026 -.34 56.69 2 
18 6737 R4 152 -.428 • 5 1 56.71 2 13 7034 20 1913 . 034 -.10 56.17 2 
15 6744 25 1689 -.110 -1.01 57.60 2 17 7049 55 1226 . 030 -.48 56. 17 2 
17 6749 51 1324 -.030 -.70 58. 17 2 18 7057 73 387 -.201 -.92 56 .20 2 

17 6760 62 935 -.025 .41 57 . 53 2 17 7069 57 1110 -.064 . os 56 .70 2 
14 6763 24 1683 -.033 -.59 56.18 2 12 7071 14 1769 .0 06 -.18 56.64 2 
17 6764 58 1045 -. 063 -.7 0 57.lR 2 15 7077 33 1608 . 040 -.47 56.70 2 
16 6772 46 1277 -.05 8 - .14 56.19 2 14 7087 20 1933 -.128 -1.17 57.17 2 
14 6784 22 1717 -.005 .44 56 .6 8 2 13 7090 15 1689 -.006 -.19 58 .2 0 2 

16 6793 41 16RO -.048 -.7 1 56.61 2 l"I 7092 17 1696 . 004 . 21 57.06 2 
17 6805 60 106"1 . 015 -.42 56 .66 2 16 7094 50 1485 -. 090 . 01 57 . 07 2 
12 6812 14 1699 -. 025 • 41 56 .70 2 12 7097 5 1824 -. 011 -.07 56 .6 3 2 
11 6815 -1 1765 -.047 1.00 57 . 90 4 13 7118 18 1778 .023 . 92 56 .72 2 
17 6817 65 579 -.096 -.3 0 57.94 4 15 7124 27 1501 -.003 -.04 56.71 2 

lR 6822 79 243 -.07R -.04 C:,7.17 2 15 7127 36 1712 .n4o .23 56.16 2 
16 6826 49 1645 -.06 3 -1. 35 SR . 17 2 12 7128 9 1813 -.035 -.21 56.72 2 
12 6830 6 1720 . 049 . 24 57 . 62 2 14 7133 25 1794 -.035 .41 56.73 2 
13 6845 16 1524 -.022 .4 5 58 .37 4 17 7139 64 661 -.021 -.21 56 .1 9 2 
12 6858 10 1579 -.004 -.os 57 . 07 2 15 7141 ·:n 1804 -.081 -. 17 56.63 2 

12 6863 5 1726 -.017 . ,6 5 7 • 18 2 12 7152 14 1790 -.020 .12 56.70 2 
11 6867 -1 1779 . 055 . OR 57 . 60 2 12 7155 7 1873 -.no4 -.ZR 56 . 72 2 
1 5 6870 33 1560 .0 08 . 80 58 . 17 2 16 7157 46 1335 -.090 -.26 57.60 2 
15 6872 31 1634 -.11 3 -1.17 58. 17 2 15 7161 33 1623 -.007 -.67 57.19 2 
16 6880 44 1653 -.005 .57 59 .14 3 18 7170 75 321 -.083 -.16 57.18 2 

5 6887 36 1659 -.21 0 -1.34 57.64 2 15 7183 35 1722 .026 .41 56.69 2 
11 6890 0 2029 . 001 . 56 58.63 4 18 7185 74 340 .101 .58 57.61 2 
11 6891 -4 2031 -.025 .so 57.18 3 13 7189 15 1722 -.023 .03 57.18 2 
12 6899 A 1841 -.093 .8 7 56 .69 2 16 7205 40 1978 .006 .12 57.62 4 
18 6900 83 19 1 -:-.093 . 06 57 .6 2 2 18 7211 76 302 .109 .20 57.06 2 

12 6903 11 1641 -.035 .l"I SA.15 2 12 7225 14 1808 -.066 .36 5A.14 2 
17 6909 5 1 1342 . 036 -1.15 58.92 4 15 7230 27 1524 -.002 -.49 56.70 2 
18 6914 76 292 . 005 -.71 57.20 2 17 7235 68 517 -.074 .54 58.96 4 
11 6924 0 204 1 -.019 -.58 58.20 2 12 7241 6 1858 .007 -.25 59.16 4 
16 6931 48 1563 . 015 -.56 57.61 2 12 7251 10 1710 -.018 .32 57.70 2 
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OBSERVED-AGK2 
1 

OBSER VED-AGK2 

Zone Star 
1 

B.D. No . ÂO. t:.o 1 Epoch 1 No. ,, Zone 1 
Star 

1 

B.D. No. 
1 

Âo. 

1 

t:.o 1 Epoch 1 No. 

17 7257 55 1243 . 032 -.73 56.71 2 17 7556 62 996 -. 009 -. 02 57 . 10 2 
15 7267 34 1735 -.109 -.02 56.70 2 16 7558 47 1572 -. 039 -. 30 58 . 16 2 
17 7271 62 976 -. 026 -. 67 57.17 2 15 7562 36 1808 -. 011 - 1 . 39 56 . 71 2 
12 7279 12 1762 .016 • 04 56 .6 1 2 12 7567 7 1971 . 020 -. 75 57 . 65 2 
15 7282 31 1726 -.197 -.33 58 .1 7 2 15 7568 31 1806 -.093 . 44 57 . 18 2 

13 7284 1A 1839 -.040 -.21 59 . 09 3 17 7575 56 1295 . 0 12 . 63 56 . 68 2 
12 7285 5 1869 . 043 1.00 58 . 09 2 15 7587 30 1706 -.049 -.51 57 . 1A 2 
12 7287 13 1832 -.045 . 26 58 . 53 3 14 7589 24 1921 - . 075 . 13 58 . 21 2 
13 7293 19 1925 . 005 -. 01 56.70 2 11 7600 - 3 2341 -. 016 -. 21 56 . 72 2 
18 7296 81 263 -.255 .4 3 57 . 88 3 12 7605 10 1798 . 015 . 20 56 . 68 2 

17 7297 50 1508 -. 047 -.48 57.64 2 17 7614 66 553 . 023 -.38 56 . 72 2 
15 7311 40 1995 -.046 -.15 57.17 2 17 7616 61 1052 . 071 . 74 56 .7 0 2 
16 7317 48 1612 . 005 . 09 58 .16 2 5 7617 27 1613 -.111 -1.21 58 . 14 2 
17 7324 69 455 -.168 -.39 57 .18 2 3 7636 17 1852 -. 066 -. 01 58 . 13 4 
17 7354 59 1144 -.036 -. 05 57 . 20 2 18 7644 71 459 -. 166 -. 35 56 . 68 2 

11 7358 -4 2235 . 003 1.34 58.48 4 18 7649 76 326 . 012 1 . 62 57 . 72 2 
13 7361 17 1776 -. 032 . 42 56.72 2 13 7667 19 2021 -.022 -. 01 57 . 71 2 
15 7377 31 1753 -.100 - . 21 58.16 2 15 7673 38 1916 -. 001 -. 03 58 .1 6 2 
14 7381 23 1905 -.203 -.33 57 . 61 2 12 7685 7 1988 -. 015 . 76 57 . 71 2 
15 7394 25 1872 -.029 -.73 51.os 2 17 7688 63 784 -.082 . 06 57 . 64 2 

16 7402 40 2010 -.1 89 - . 47 56 . 69 2 15 7694 29 1772 -. 058 . 46 58 . 18 2 
12 7403 11 1784 . ooo - . 08 57.72 2 16 7697 42 1886 . 025 -. 85 58 .1 8 2 
18 7406 74 350 -. 012 -.20 56 . 71 2 12 7698 13 1936 -. 001 -. 32 59 . 73 2 
13 7410 17 1797 . 003 .21 57 .18 2 15 7712 31 1833 -. 010 -. 69 58 . 69 4 
15 7412 38 1881 -. 045 . os 58 . 20 2 15 7719 27 1627 -.013 -. 26 58 . 54 3 

14 7413 22 1886 .009 -.22 57.64 2 11 7726 - 2 2613 .11 3 -. 25 58 . 26 2 
11 7420 1 2035 -. 018 . 33 58 . 50 3 13 7732 18 1978 -. 029 . 15 57 . 71 2 
18 7435 70 502 -. 074 -.12 56.71 2 17 7733 52 1322 -. 089 . 10 57 . 17 2 

6 7437 44 1728 . 010 -.01 58.15 2 16 7753 49 1750 . 042 -. 52 56 . 68 2 
11 7441 0 2232 -. 024 1.44 57. 17 2 18 7754 79 277 . 173 . 64 57 . 23 2 

5 7442 30 1677 -. 048 -.11 57 . 71 2 15 7757 29 1785 . 019 -. 48 57 . 18 2 
12 7455 9 1915 . 039 1 . 22 57 .71 2 13 7769 19 2049 -. 042 -. 09 57 . 62 2 
11 7477 -1 2001 -.018 -.42 57.18 2 17 7777 54 1247 -.029 -.57 59.15 4 
12 7490 6 1924 . 029 -.28 59.47 4 13 7786 17 1896 -.035 . 49 58 . 19 2 
17 7493 67 534 -.034 . 28 57 .7 3 2 12 7787 12 1881 -. 025 -. 06 58 . 72 2 

16 7495 45 1561 -. 006 -.34 58 .72 2 11 7798 2 2034 -. 022 -. 59 57 . 62 2 
17 7501 57 1131 . 002 -.54 57 . 64 2 16 7799 41 1864 -. 011 . 25 58 . 73 2 
15 7506 31 1784 -.028 .18 58 .65 2 11 7806 -4 2410 -. 020 -.12 57 . 69 2 
17 7508 51 1409 .001 . 41 58 .72 2 15 7815 38 1940 -. 084 -. 02 57 . 71 2 
11 7512 0 1962 . 043 -.34 58.79 3 17 7826 63 789 .1 40 -. 38 57 . 18 2 

13 7513 19 1979 -.003 .1 2 57. 11 2 17 7830 57 1162 -. 052 -. 67 57 . 18 2 
15 7515 38 1897 . ooo -. 86 58 .6 5 2 17 7845 61 1070 -. 055 -. 10 56 . 68 2 
17 7519 59 1161 - . 064 -1.20 59 . 68 4 13 7862 18 2022 -.02 0 - . 01 56 . 17 2 
18 7521 7R 284 -.042 .06 57 • 71 2 13 7871 17 1919 -.001 . 22 56 . 71 2 
14 7526 22 1914 -.020 -.91 57.70 2 12 7879 9 2038 -. 035 -. 34 56 . 72 2 

11 7533 -3 2314 -. 023 -.46 57.74 2 11 7882 3 2041 -. 012 . 29 57 . 16 2 
12 7537 13 1899 -.047 .32 58 .2 2 2 16 7883 44 1783 - . 076 -1. 58 56 . 68 2 
16 7538 49 1729 -.033 -. 0 2 56 . 68 2 17 7896 54 1253 -. 055 -.5 3 58 . 16 2 
12 7541 14 1878 -.095 .53 57 .1 8 2 15 7898 38 1953 -. 069 -. 03 56 . 70 2 
12 7550 11 1824 -.060 . 37 57 .7 2 2 12 7910 10 1867 . 033 -.7 1 58 .17 2 
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OBS E RVED-AGK2 Il OBSERVED-AGK2 

Zone 1 Star 

1 

B.D . No. ~ O'. 

1 

~ ~ 1 Epoch 1 No.li Zone 1 
Star 

1 

B.D. No. 

1 

~()'. 

1 

,H 1 Epoch 1 No. 

12 7914 5 2050 - . 001 . 54 5 7 . 16 2 17 8130 54 1270 - . 092 - . 41 57. 71 2 
18 7921 72 429 - . 064 . 20 57 . 25 2 17 8132 59 1212 -.083 - . 52 57.62 2 
17 7924 54 1254 -. 051 - . 36 56 . 70 2 15 8136 17 1918 - . 048 -.85 57. 18 2 
15 7927 36 1870 - . 048 - . 39 58 . l/l 2 17 8139 63 815 -.025 .71 56 . 18 2 
12 7932 9 2053 -.016 -1 . 27 59.13 3 18 8146 R3 236 .ooo .16 57.26 2 

4 7935 21 1999 - . 008 -.97 57 . 71 2 15 8157 31 1923 . 036 -.96 58 . 18 2 
17 7936 61 798 - . 071 - . 27 58 . 62 2 14 8159 22 2039 . 021 .33 58 . 24 2 
17 7942 56 1336 -. 054 - . 78 57 . 17 2 12 8161 9 2112 - . 023 - . 92 59 . 21 3 
16 7947 43 1858 . 038 • 0 1 57 . 19 2 17 8164 57 1189 .003 - . 56 57 . 63 2 
15 7949 31 1884 - . 105 . 95 58.19 2 15 8168 27 1708 -. 007 - . 96 58.65 2 

18 7955 89 13 - . 897 - 1 . 17 57 . 73 2 16 8180 44 1817 . 035 - . 55 57 . 17 2 
12 7957 13 1995 - . 097 - . 39 59 . 68 2 16 8181 40 2146 - . 031 . 02 56 . 70 2 
11 7962 - 4 2461 -. 055 - . 02 57 . 73 2 12 8193 13 2036 -. 030 - 1 . 17 59 . 20 3 
18 7963 70 536 . 036 - . 31 58 • 72 2 11 8196 - 4 2533 - . 017 . 12 58 . 71 2 
15 7971 26 1A48 . 009 - 1 . 17 5R . 82 3 11 8197 J 2231 . 006 - . 18 57 . 64 2 

16 7983 46 1446 - . 032 - . RO 56 . 69 2 13 8204 17 2004 -. 054 - . 55 57 . 73 2 
13 7985 18 2059 . 015 . 12 5R . 16 2 16 8206 46 1472 -. 106 -.43 58 . 67 2 
13 7988 16 1833 - . 060 -. 26 58 . 65 2 17 8207 61 1101 - . 053 - . 54 57 . 73 2 
15 7993 35 1883 -. 018 -. 54 59 . 21 3 13 8209 15 1977 - . 054 - . 05 56 . 68 2 
13 8001 19 2113 -. 040 - . 11 57 . 23 2 17 8210 52 1362 - . 034 - . 54 58 . 19 2 

15 8003 25 2003 . 067 - . 23 57 . 20 2 14 8212 24 2040 - . 003 .os 58 . 65 2 
16 8014 42 1940 . 010 -. 31 56 . 16 2 17 8221 69 506 . 028 . 12 57 . 24 2 
17 8015 57 1178 -. 040 - • 10 57 . 71 2 16 8226 47 1642 - . 074 . 48 57 . 73 2 
12 8018 10 1897 -. 013 . 12 57.71 2 17 8229 55 1315 - . 154 .14 58.74 2 
17 8019 62 1028 . 049 -. 28 58 . 61 2 16 8233 41 1922 - . 084 - . 18 58 . 17 2 

12 8021 8 2136 . 024 -. 09 57 . 74 2 12 8234 14 2033 . 035 -.33 58 . 65 2 
11 8023 2 2084 -. 027 - . 58 58 . 18 2 13 8240 17 2018 -. 045 1 . 03 58 . 19 2 
17 8025 69 490 -. 010 - . 43 59 . 73 2 11 8243 4 2126 . 005 . 31 59.19 2 
17 8027 53 1290 -. 042 - . 12 56 . 71 2 12 8246 8 2172 - . 042 -.46 59 . 26 2 
15 8028 30 1792 - . 073 -. 70 57.25 2 12 8247 6 2109 - . 012 -. 04 57 . 73 2 

15 8029 27 1685 -. 014 - 1 . 28 57 . 65 2 15 8254 32 1845 - . 073 - . 52 57 . 71 2 
13 8030 20 2234 . 032 - . 93 59 . 68 4 16 8256 43 1885 -.036 -.90 59 . 78 5 
11 8032 0 2087 -. 035 - . 32 58 . 74 2 14 8261 23 2055 - . 017 - . 75 57 . 72 2 
11 8044 - 4 2491 -. 076 - . 47 58 . 72 2 15 8264 38 2006 - . 094 -.92 56 . 71 2 
17 8046 60 1157 . 006 - . 03 57 . 70 2 11 8268 1 2247 .021 .39 57 . 96 4 

17 8049 65 672 - .117 . 30 56 . 73 2 16 8276 45 1688 - . 120 -.67 57.77 2 
13 8060 18 2082 - . 029 - . 19 58 . 17 2 17 8278 59 1225 - . 043 . 15 56.72 2 
14 8062 23 2015 -. 034 - . 80 57 . 23 2 15 8282 29 1879 - . 011 .71 56.71 2 
15 8063 39 2174 -. 013 - . 27 57 . 20 2 11 8286 -2 2808 . 076 .20 57 . 70 2 
16 8069 41 1889 -. 018 . 53 57 . 72 2 12 8299 12 1991 - . 028 .41 58.18 2 

13 8076 16 1862 - . 001 . 46 56 . 18 2 14 8302 24 2054 -.045 -.53 57.62 2 
14 8077 21 1946 - . 026 .13 58 . 24 2 12 8307 8 2186 -.016 -.33 57.19 2 
17 8078 67 569 . 021 - . 79 57 . 74 2 15 8315 30 1834 -.087 -.24 58.92 4 
17 8082 56 1351 - . 063 - . 74 58 . 61 2 15 8319 28 1718 - . 179 .40 56.73 2 
16 8083 47 1625 - . 008 - 1 . 05 59 . 11 3 12 8321 12 1997 -.006 . 04 57.72 2 

18 8084 75 355 . 068 .06 57 . 72 2 14 8322 23 2062 .003 -1 . 11 58 . 23 2 
16 8089 48 1705 -. 413 - 1 . 90 58.55 3 15 8324 37 1956 -.022 .07 57.18 2 
11 8098 2 2114 . 026 - . 68 58 . 23 2 17 8332 51 1492 -.041 -. 77 57.19 2 
15 8125 29 1851 . 020 -.06 57 . 17 2 14 8344 20 2293 -.032 -.44 57.17 2 
11 8126 - 1 2174 . 052 -1 . 25 57 . 65 2 16 8354 43 1901 -.009 .02 57.91 4 
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OBSERVED - AGK2 O BSERVED- A GK2 

Zone I Star B.D. No. B . D . No. 1 E pocb I No. 

18 8355 78 303 - . 060 . 06 56 . 69 2 12 8676 11 2067 . 005 -. 29 57 . 26 2 
15 8363 31 1961 - . 071 -1 . 03 56 . 24 2 17 8685 59 12 49 -. 082 . 84 57 . 09 2 
17 8368 61 1111 - . 007 - . 28 56 . 73 2 14 8695 22 2112 -. 027 . 92 58 . 21 2 
13 8369 17 2053 . 032 . 40 56 . 72 2 12 8704 15 2091 -. 010 . 77 57 . 72 2 
17 8381 52 1380 . 060 -. 28 57 . 18 2 11 8712 - 2 2948 . 024 -. 33 57 . 70 2 

16 R'3R2 42 1994 . 046 - . 38 56 . 65 2 11 R716 3 2249 -. 036 -. 84 58 . 53 3 
17 8397 60 1181 . 041 - . 04 5R . 17 2 15 8723 '32 1912 . 004 . 05 57 . 09 2 
12 R398 10 1972 . 017 - . 14 56 . 18 2 n 8743 16 2010 -. 077 . 47 56 . 71 2 
12 R427 12 2024 - . 063 -. 45 57 . 10 2 16 8745 48 1796 . ooo -. 01 56 . 25 2 
17 8431 67 586 - . 105 - . 58 56 . 72 2 15 8754 37 2016 -. 093 . 08 56 . 61 2 

14 R4'19 22 2082 . 154 - 1 . 51 56 . 72 2 12 8770 12 20R2 . 034 -. 20 56 . 18 2 
16 8445 46 1494 . 060 - . 85 57 . 15 2 11 8772 1 2352 -. 0 17 -. 20 56 . 71 2 
11 8446 -2 2863 - . 009 - 1 . 34 58 . 17 2 14 8774 22 2124 -. 023 . os 57 . 23 2 
17 8448 6'3 R38 -. 017 . 56 57 . 71 2 15 8776 '39 2275 -. 055 -. 28 57 . 63 2 
18 8452 81 295 . 063 - . 37 57.19 2 15 8 7 78 35 2046 -. 010 -. 67 57 . 18 2 

17 R457 55 1131 - . 031 . 99 56 . 72 2 1 1 8785 2 2243 -. 060 . 62 57 . 25 2 
18 R461 71 503 -. 102 - . 34 57 . 17 2 13 8787 17 2125 . 0 12 -. 06 57 . 20 2 
11 8473 - 4 2608 . 044 -1 . 54 56 . 19 2 lR 8808 85 150 -. 031 -. 45 56 .7 1 2 
16 8482 44 1861 -. 011 -. 11 56 . 71 2 15 8809 33 1907 . 040 -. 7 1 56 . 69 2 
12 R489 6 2173 . 036 -. 77 57 . 62 2 16 8Rl7 49 1R80 -. 011 -. 12 57 . 17 2 

13 8508 17 2084 -. 013 -. 15 56 . 65 2 12 8820 11 2102 -. 008 -. 28 57 . 73 2 
11 8512 -1 2260 . 009 -. 48 56 . 74 2 12 8822 6 2211 -. 013 1 . 28 57 . 26 2 
15 R513 29 1903 -. 017 . 42 56 . 72 2 17 8830 55 1349 -. 055 . 90 56 . 73 2 
16 R522 49 1R41 - . 020 - . 62 56 . 64 2 16 8838 47 1707 -. 086 -. 07 56 . 73 2 
15 8528 ZR 1761 . 021 . 6R 57 . 15 2 13 8843 18 2274 -. 061 . 26 57 . 17 2 

12 R531 10 2002 -. 048 - . 13 57 . 24 2 14 88 4 4 25 2157 -. 048 - . 14 57. 72 2 
17 R532 50 1644 -. 052 - . 84 56 . 19 2 11 8848 - 4 2728 -. 002 . 47 56 . 71 2 
17 R539 52 1395 - . 026 - . 33 57 . 64 2 17 8850 52 1424 . 049 -. 84 57 . 20 2 
16 R541 41 196R - . 059 -. 86 56 . 72 2 15 8853 26 2013 -. 082 . 03 57 . 17 2 
11 8543 0 2522 - . 005 . 05 57 . 71 2 18 8859 75 396 . 141 -. 48 58 . 71 2 

13 8545 18 2207 - . 043 . 83 57 . 18 2 16 8861 42 2051 -. 086 - • 15 57 . 23 2 
14 8555 25 2105 - . 015 - . 62 59 . 14 3 11 8864 2 2255 -. 037 - .1 9 57 . 18 2 
17 8559 59 1238 -. 070 . 16 58 . 25 2 18 8868 80 302 . 003 . 46 57 . 7 1 2 
13 8573 16 1984 - . OOR . 32 56 . 70 2 11 8R71 1 2370 . 016 . 33 57 . 26 2 
16 8575 42 2018 . 009 -. 50 57 . 65 2 13 8872 16 2039 -. 046 . 43 58 . 65 2 

12 8580 9 2195 -. 032 -. 75 59 . zo 3 14 8882 20 2387 -. 068 -. 44 57 . 26 2 
16 8581 48 1779 - . 123 - . 46 5R . 19 2 15 8888 36 2006 -. 028 - 1 . 22 57 . 70 2 
15 R51i3 37 1995 - . 084 - . 97 58 . 74 2 16 8889 41 2021 . 045 -. 6 1 57 .1 6 2 
14 8589 20 2'335 - . 044 -1 . 2 '3 57 . 26 2 14 8894 23 2156 . 012 . oo 57 . 23 2 
12 R590 7 2147 -. 022 . 31 59 . 17 2 17 8R95 65 741 -. 131 -. 89 57 . 72 2 

17 8591 63 848 . 011 - . 74 59 . 22 2 17 8896 58 1219 -. 063 - 1 . 7 3 57 . 71 2 
15 8593 31 2000 - . 132 - . 11 59 . 24 2 12 8900 11 21 17 . 011 - . 21 57 . 73 2 
17 8601 61 1131 . 005 . 40 57 . 69 2 12 8904 15 2127 . 015 1 . 32 56 . 63 2 
12 8623 8 2243 . 072 . oz 56 . 61 2 12 8913 5 2248 -. 040 . oo 56 . 71 2 
17 8636 65 723 . 025 - • 10 56 . 73 2 16 89 19 45 1774 . 050 - . 38 57 . 20 2 

15 R646 34 2010 - . 075 .os 57 . 11 2 11 8924 - 1 2319 . 023 -. 69 57 . 25 2 
11 R648 5 2204 -.061 - . 03 56 . 70 2 16 8929 49 1896 . 058 . 43 56 . 68 2 
13 8650 17 2108 . 028 . 78 56 . 70 2 17 8950 64 762 -. 042 -. 30 57 . 18 2 
17 8668 69 526 - . 091 - . 34 57 . 72 2 16 8953 47 1724 -. 020 -. 25 56 . 70 2 
16 8674 48 1789 -.082 - . 55 57 . 25 2 11 8954 0 2588 . 004 . 34 57 . 17 2 
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OBSERVED-AGK2 
1 

OBSERVED-AGK2 

Zone 1 Star 
1 

B . D. No. Aa 
1 

Ao 1 Epoch 1 No./1 Zone 1 
Star 

1 

B.D. No. 

1 

Aa 
1 

Ao 1 Epoch 1 No. 

14 8959 24 2156 -.129 1.06 56.70 2 17 9184 52 1461 .005 -.75 58.16 2 
13 8962 19 2284 -.009 .98 56.70 2 12 9185 7 2259 -.040 -.32 57.71 2 
13 8965 17 2156 -.024 -.21 57.75 2 14 9192 23 2190 -.017 .52 57.18 2 
15 R966 35 2086 .003 -.56 58.17 2 12 9198 9 2317 . 003 -.24 57.26 2 
15 8982 30 1940 .006 -.23 57.18 2 11 9199 0 2308 .020 .42 56.71 2 

18 8983 76 371 - .164 .50 58.25 2 11 9201 1 2414 -.023 .01 56.73 2 
17 8989 57 1240 -.060 -.21 56.84 3 16 9206 45 1811 -.048 .25 57.24 2 
15 8999 26 2031 -.159 - .37 56.74 2 12 9208 11 2190 -.006 .32 57.27 2 
11 9011 -4 2775 -.023 .43 57.26 2 11 9212 -3 2873 .026 -.44 56.70 2 
17 9021 69 551 -.165 .42 57. 17 2 13 9217 16 2098 .040 -.07 57.23 2 

12 9028 7 2219 .010 .62 56.69 2 12 9218 6 2276 -.017 -.54 56.68 2 
11 9036 -1 2338 -.010 .88 56.70 2 15 9235 34 2105 -.073 -.02 57.74 2 

7 9038 58 1230 -.085 .20 57.72 2 11 9239 4 2306 -.030 -.49 56.81 2 
16 9045 46 1574 -.012 1.88 56.63 2 11 9249 2 2310 -.051 .15 56. 71 2 
15 9054 34 2073 -.085 -.56 56.68 2 12 9250 8 2336 -.022 -.48 57.74 2 

11 9058 4 2283 .036 .90 56.18 2 17 9267 54 1362 -.045 -.98 57.72 2 
17 9064 56 1428 -.008 .58 56.80 2 12 9273 14 2230 -.003 .34 58.28 2 
15 9066 28 1835 -.042 -.85 57.19 2 15 9274 40 2313 .014 -.58 58.81 2 
17 9071 51 1572 -.032 -.55 56.72 2 6 9276 49 1939 -.158 .02 56.70 2 
12 9072 5 2280 -.010 -.61 56.61 2 18 9278 70 607 -.129 .10 58.29 2 

13 9081 20 2430 -.019 -.51 57.80 2 17 9279 55 1384 -.039 -.56 57.25 2 
13 9082 17 2169 -.045 -.06 58.24 2 12 9287 10 2139 .074 -.79 56.28 2 
11 9084 -2 3052 .028 .18 57. 17 2 14 9288 23 2213 .045 -.31 58.16 2 
15 9087 35 2102 .036 .28 56.73 2 13 9289 16 2110 -.097 .44 58.73 2 
17 9091 67 634 -.080 -.36 57.74 2 11 9291 0 2641 .086 -.61 58.77 2 

15 9092 31 2097 -.029 -.65 57. 17 2 14 9293 21 2175 -.026 -.20 57.71 2 
17 9099 61 1165 -.043 .30 57.71 2 15 9297 26 2072 -.009 .29 57.26 2 
16 9101 42 2086 -.071 -.59 56.73 2 12 9298 12 2193 .005 -.37 57.17 2 
12 9111 11 2166 -.059 • 11 56.64 2 11 9300 4 2313 .006 -.65 56.69 2 
12 9113 14 2202 -.044 -.03 57.18 2 16 9303 46 1619 -.047 -.30 56.69 2 

16 9120 43 1990 -.012 .31 56.71 2 17 9305 69 569 -.059 .os 57.74 2 
15 9130 27 1852 -.019 .58 57.26 2 18 9313 71 536 .022 -.2 8 58.19 2 
17 9136 56 1434 -.040 .13 57.25 2 17 9315 62 1121 -.040 -.59 58.29 2 
18 9139 83 280 .323 -1.56 56.74 2 7 9317 58 1252 .106 .01 57.25 2 
16 9141 49 1923 -.137 -.62 56.71 2 16 9327 40 2321 -.070 -.65 58.71 2 

15 9142 27 1853 -.174 .20 57.24 2 l'i 9331 31 2133 -.060 .07 57.26 2 
12 9147 10 2116 .014 .14 '57.72 2 12 9341 14 2237 .019 .11 56.68 2 
11 9148 -'I 2860 -.056 -.06 58.19 2 11 9344 3 2357 .010 • 51 57.71 2 
11 9150 'I 2323 -.072 -.12 57.71 2 17 9350 66 665 -. 051 -.60 57.26 2 
17 9152 62 1110 .o34 -.21 58 0 69 2 11 9351 -4 2861 . 048 . 09 5R.19 2 

17 9153 59 1291 .024 - .16 5R.45 5 12 9359 10 2147 .004 -.54 58.69 2 
17 9156 65 756 -.032 .66 57.34 2 17 9368 59 1309 -. 057 -.50 57.73 2 
11 9164 -1 2'156 -.060 -.02 56.71 2 16 9369 41 2089 -.012 1.14 56.69 2 
17 9167 67 637 .059 .43 58.28 2 4 9372 23 2221 -.191 -.24 57.19 2 
15 9169 30 1974 . • 073 -.17 56. 73 2 14 9376 25 2249 .054 -.49 57.52 3 

12 9170 12 2162 -.021 .36 57.16 2 15 9382 29 2046 -.203 -.45 58.28 2 
16 9172 44 1958 -.005 -.09 57.73 2 11 9387 0 2655 . 023 -.12 58.29 2 
17 9176 54 1'154 .001 .41 59 • 21 4 14 9392 22 2217 -.061 .6 9 56.71 2 
14 9180 20 2447 .067 .06 57.48 4 17 9398 63 901 -.112 1.06 58.26 2 
15 9183 25 2212 .012 -1.22 57.28 2 16 9401 43 2019 . 041 -.16 57.19 2 



192 PUBLIC ATIONS OF THE DOMINION OBSERVATORY 

OBSERVED-AGK2 
1 

O BSERVED - A GK2 

Zone 1 
1 1 

1 Epoch 1 No .,, Zone 1 
1 1 1 

1 Epoch 

1 

Star B.D. No. Aa A6 Star B. D. No. Aa A& 1 No. 

11 9402 0 2344 - . 044 . 30 58 . 71 2 17 9634 50 1760 -. 058 . 87 56 . 81 2 
13 9404 19 2345 - . 122 . 39 58 . 79 2 17 9638 53 1432 -. 010 -. 15 58 . 26 2 
15 9412 27 1897 . 015 - 1 . 00 57 . 73 2 16 9642 49 1986 . 004 . 26 57 . 70 2 
17 9419 60 1265 . ozz - . 01 57.79 2 18 9645 73 504 -. 006 - . 46 57 . 26 2 
17 9422 55 1394 - . 066 - . 08 57 . 97 4 15 9652 32 2072 -. 138 1 . 11 57 . 81 2 

13 9427 17 2233 - . 009 . 48 58 . 28 2 14 9653 24 2265 . 015 . os 56 . 68 2 
15 9435 38 2147 -. 001 -. 21 57 . 71 2 11 9655 1 2477 . 004 . os 57 . 28 2 
17 9436 64 790 - . 094 - 1 . 05 58 . 71 2 12 9657 8 2409 . 033 . 03 57 .7 1 2 
18 9441 78 349 - . 047 .36 58 . 73 2 7 9658 59 1325 -. 017 -. 24 57 . 72 2 
16 9448 50 1744 -. 008 • 01 58 . 80 2 12 9660 10 2199 . 035 - 1 . 06 58 . 71 2 

14 9454 22 2230 -. 021 -. 20 58 . 81 2 12 9662 6 2347 . 045 - 1 . 08 58 . 34 2 
15 9459 31 2148 - . 039 -1 . 01 58 . 82 2 15 9667 26 2128 . 081 - 1 . 67 57 . 71 2 
11 9462 - 2 3165 -. 078 -. 02 58 . 77 2 15 96 7 2 35 218 1 -. 022 -. 33 58 . 79 2 
13 9463 18 2372 -. 004 -. 26 58 . 28 2 16 9677 43 2045 -. 021 . 37 57 . 34 2 
16 9464 48 1873 . 012 -. 34 57 . 24 2 15 9678 34 2 1 58 -. 0 13 -. 55 57 . 77 2 

17 9469 54 1379 . 044 - . 32 58 . 23 2 13 9690 19 2373 -. 219 -. 85 56 . 68 2 
11 9470 5 2347 . 003 . 46 58 . 71 2 16 9693 45 1866 -. 058 - . 59 57 . 15 2 
12 9472 15 2218 -. 036 . 06 59 . 27 2 12 9695 14 2299 -. 0 7 8 -. 03 57 . 81 2 
18 9476 77 404 -. 159 . 57 58 . 25 2 11 9701 - z 3221 . 001 . 56 57 . 26 2 
1.5 9477 25 2263 . 039 . 04 58 . 29 2 15 9706 27 1938 -. 013 -. 71 57 . 16 2 

16 9488 44 1998 - . 021 . 37 58 . 20 2 13 9709 16 2 170 -. 0 15 -. 61 58 . 28 2 
5 9493 34 2141 -. 095 . 23 57 . 76 2 17 97 16 6 1 1204 . 039 -. 95 56 . 72 2 

11 9495 4 2351 . ooo -. 49 57 . 79 2 12 9731 7 23 74 -. 047 -, 01 57 . 71 2 
17 9507 69 579 . 169 . 37 58 . 23 2 5 9734 36 2 1 29 . 017 -. 66 58 . 26 2 
15 9517 31 2164 -. 173 . 26 57 . 70 2 6 9737 43 2052 -. 022 -. 75 58 . 71 2 

13 9523 19 2355 - . 002 ·- . 6 5 57 . 28 2 14 9738 24 2281 . 014 -. 90 57 . 26 2 
8 9527 71 542 . 030 -. 47 57 . 80 2 11 9744 1 2492 . 009 -. 34 56 . 71 2 

13 9530 16 2139 . 008 . 24 58 . 71 2 13 9764 15 2257 -. 006 -. 26 57 . 49 4 
15 9535 37 2102 - . 111 . 23 57 . 25 2 17 9767 59 1333 -. 022 -. 61 56 . 73 2 

7 9538 51 1615 - . 043 • 1 8 57 . 80 2 15 9772 26 21 4 5 . 057 - 1 . 2 5 56 . 68 2 

7 9539 58 1268 -. 058 -.24 56 . 70 2 18 9773 71 552 . 060 . 55 58 . 26 2 
14 9541 24 2251 . 028 - . 77 58 . 18 2 12 9783 13 2322 -. 045 -. 49 56 . 8 1 2 
16 9556 49 1977 - . 074 . 35 59 . 46 4 15 9785 32 2085 - . 069 . 20 57 . 71 2 
12 9557 7 2339 - . 023 - . 74 57 . 72 2 17 9786 54 1404 -. 075 -. 69 57 . 72 2 
13 9559 20 2509 - . 089 . 37 57 . 16 2 6 9788 44 2028 -. 064 . 51 57 . 81 2 

16 9563 45 1850 -. 051 . 77 58 . 24 2 17 9790 63 930 . 006 - • 18 58 . 71 2 
15 9574 29 2073 -. 045 - . 60 57 . 80 2 14 9791 21 2262 - . 189 -. 26 58 . 77 2 
15 9577 40 2354 -. 041 - . 10 56 . 71 2 12 9794 6 2368 -. 030 -. 22 56 . 80 2 
11 9587 5 2374 - . 042 .20 57.80 2 11 9796 - 2 3247 -. 029 . 82 57 . 71 2 
16 9590 42 2140 . 065 - . 32 56 . 71 2 17 9799 69 592 -. 083 . 50 56 . 73 2 

11 9598 -3 2976 . 024 - . 69 57 . 26 2 16 9803 46 1675 -. 039 -. oz 57 . 16 2 
12 9603 14 2281 - . 015 . 29 57 . 72 2 15 9808 34 2183 -. 031 . 05 57 . 81 2 
11 9606 0 2694 - .043 - . 86 57 . 73 2 16 9814 40 2385 -. 059 - 1 , 88 57 , 72 2 
15 9615 37 2112 -, 056 - , 07 57 , 80 2 15 9820 35 2196 , 007 -. 47 56 , 80 2 
11 9617 3 2403 - . 002 -,27 58 , 26 2 5 9827 38 2197 -, 029 -1 , 03 57 , 74 2 

17 9619 56 1472 - . 075 , 37 57 . 28 2 7 9836 68 62lt , 039 -, 45 58 . 71 2 
17 9624 62 1142 , 119 , 23 58 , 73 2 14 9837 25 2319 -. 088 - , 97 57 . 34 2 
13 9626 17 2265 , 004 • 6& 58 , 71 2 11 9841 - z 3259 . 016 . 13 58 , 77 2 
1 1 9631 -3 2980 , 0 31 1,02 58 , 69 2 12 9842 14 2324 - . 037 1 . 87 58 , 22 2 
16 9633 43 2040 -.106 - , 09 57,18 2 17 9843 62 1156 -, 067 -, 01 57 , 73 2 
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OBSERVED -AGK2 l OBSERVED -AGK2 

Zone Star 
1 

B . D. No. 6 ll 66 1 Epoch INo., Zone 1 Star 
1 

B.D. No. 
1 

âa 
1 

âcl 1 Epoch 1 No. 

15 9848 34 2188 -.005 -.77 58.24 2 11 10080 1 2539 -.024 .44 58.34 2 
11 9852 -3 3024 .001 .12 58.81 2 11 10081 -1 2499 -.035 .41 58.84 3 
13 9854 lR 2429 -.031 .15 57.34 2 18 10084 74 456 -1.347 1.46 59.55 3 
11 9859 5 2425 -.035 -.os 5R.79 2 13 10097 15 2311 -.019 -.01 57.26 2 
15 9871 29 ?110 -.036 -.02 57.72 2 lR 10101 80 350 -.098 -.15 56.18 2 

17 9876 67 6 77 -.002 -.27 56.27 2 17 10105 65 823 .021 .14 57.70 2 
12 9879 6 2387 -.037 -.12 58.72 6 16 10110 41 2172 -.104 -.46 57.79 2 
16 9884 50 1788 -.040 -.05 57.79 2 13 10127 17 2337 -.034 .58 56.68 2 
15 9887 38 2205 -.065 -.08 57.69 2 14 10128 23 2329 -.133 -.24 ':>6 .72 2 
16 9893 46 1685 -.073 .03 57.70 2 15 10131 25 2362 . 074 -.15 56.26 2 

16 9912 41 2155 -.057 .41 57.19 2 17 10133 64 840 .032 .43 57.34 2 
15 9919 33 2072 .019 -.35 57.28 2 18 10142 76 423 -.044 -.85 56.80 2 
12 9924 R 2452 -.OR7 -.71 56.78 2 12 10145 10 2274 -.027 -.44 57.73 2 
15 9925 39 2410 .006 -.49 56.77 2 lR 10151 71 568 -.210 .18 57.31 2 
12 9928 10 2240 -.005 -.21 57.18 2 13 10157 19 2438 .047 1.00 56.16 2 

13 9930 17 2309 .005 -.92 57.79 2 15 10164 30 2137 .089 .35 56.70 2 
12 9933 15 2282 .014 . 09 56.69 2 11 10175 3 2488 -. 032 2.02 57.25 2 
16 9953 45 1R92 - 0 07R .23 57.33 2 12 10177 12 2328 .016 -.29 56.73 2 
17 9954 54 1414 -.080 -.66 ·56. 70 2 15 10186 36 2180 -.039 -1.37 57.74 2 
17 9956 66 697 .001 .1-:i 59.45 4 16 10196 41 2183 -.088 -.24 56.71 2 

12 9958 12 2300 .030 -.92 57.23 2 11 10198 0 2777 -.001 .13 56.76 2 
14 9966 25 2338 -.060 .52 57.25 2 12 10211 15 2326 .038 -.04 56.72 2 
11 9967 1 2519 -.012 -.15 57.26 2 17 10212 63 957 -.084 .67 57.28 2 
17 9970 56 1498 .023 -.26 56.71 2 16 10225 49 2050 .034 .25 57.70 2 
14 9977 21 2282 -.041 -.11 58.97 4 13 10226 lR 2488 -.029 .63 57.31 2 

16 9986 49 2020 .002 -.22 56.80 2 17 10229 60 1326 -.043 -.34 56.71 2 
14 9992 23 230R .025 -.75 57.73 2 15 10232 32 2J.46 -.084 -.35 56. 73 2 
12 9995 9 2452 .oo 0 -.os 57.79 2 13 10241 20 2600 .022 -.17 57.26 2 
12 9996 7 2417 -.053 -1.01 58.26 2 12 10242 6 2448 -.051 .17 57.25 2 
11 9999 -3 3053 -.030 -.64 58.25 2 7 10249 59 1377 .041 .28 57. 72 2 

15 10000 36 2157 -.058 -.50 57.35 2 15 10263 29 2160 .005 -. 16 56.17 2 
5 10003 34 2200 .009 .44 57.80 2 17 10270 69 608 -.116 -.25 59.49 4 

17 10004 59 1351 -.071 -.23 57.78 2 14 10271 24 2357 -.095 .32 56.70 2 
11 10005 0 275() -.()17 .24 57.81 2 lR 1()276 70 661 -.134 1.11 57.81 2 
17 10009 58 1303 .11 "'I -.82 57.74 2 11 10284 -1 2528 .008 .48 59.47 4 

15 10012 2R 1971 .044 .24 56.71 2 17 10294 51 1668 -.003 .34 57.74 2 
15 10035 26 2181 -.007 .26 56.79 2 12 10300 7 2452 -.010 .67 56.32 2 
15 10037 38 2215 -.1 09 .61 57.80 2 12 10301 6 2454 -.008 -.56 57.79 2 
15 10045 33 2088 -.074 -.86 57.17 2 11 10305 0 2444 -.056 -.86 58.34 2 
14 10048 22 2329 -.012 -.51 57.81 2 13 10310 17 2363 -.032 .03 56.68 2 

12 10051 13 2369 -.039 -.03 58.29 2 17 10327 57 1327 -.010 -.26 56.24 2 
17 10056 69 603 -.010 -1 • 14 57.73 2 16 10334 40 2436 .051 -.19 56.79 2 
13 10059 16 2230 .016 .45 58.80 2 15 10339 31 2274 -.071 -.01 57.24 2 
12 10060 10 2260 -.021 -.35 58.25 2 14 10340 25 2388 -.005 .68 56.16 2 
17 10068 53 1476 -.047 -.18 58.23 2 17 10357 61 1247 .122 .31 56.79 2 

15 10069 30 212"'1 .045 .75 57.85 2 15 10358 34 2230 .056 .25 56.66 2 
17 10072 63 947 .082 -.93 57.77 2 13 10359 20 2616 -.006 -.12 57.23 2 
11 10074 4 2439 -.053 .28 58 .82 2 11 10368 4 2492 -.042 -.40 57. 71 2 
14 10077 24 2332 -.047 .16 58.75 2 5 10369 26 2231 -.015 -1.20 57.29 3 
14 10079 20 2573 . 021 • 1 5 57.74 2 12 10371 8 2520 -.004 -.35 58.25 2 
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OBSERVED -AGK2 OBSE RV E D -AGK2 

Zone I Star B.D. No. B.D. No. 
1 Epoch I No. 

12 10377 14 2404 -.032 .21 56.76 2 12 10636 7 2489 . 010 -. 52 57 . 74 2 
16 10379 49 2066 .101 - . 38 57.25 2 7 10638 68 664 . ooo . 04 57 . 79 2 
16 10394 41+ 2107 . 080 -.49 57.34 2 17 10655 63 981 - . 080 . 58 57 . 79 2 
12 10405 10 2310 .064 - . 10 57 . 23 2 12 10656 14 2445 . 022 . 85 56 . 87 2 
l 3 10406 lR 2510 • 011 . 36 56 . 73 2 lR 10658 74 475 -. 195 . 15 57 . 27 2 

11 10409 1 2586 - . 066 - . 03 58 . 04 4 11 10661 - 3 3197 . 004 -. 03 58 . 23 2 
li< 10417 75 450 - . 230 .68 57 . 73 2 12 10668 11 2409 . 0 14 -. 65 57 . 26 2 
17 10421 57 1332 -. 034 -.23 58.28 2 17 10669 60 1360 -. 030 -. 46 57 . 74 2 
12 10422 11 2379 - . 022 . 42 57 . 80 2 14 10672 21 2373 . 045 . 06 58 . 28 2 
17 10428 62 1190 .018 . 13 57 . 77 2 12 10676 5 2555 -. 046 . 24 58 . 26 2 

11 10429 0 2811 .012 - . 57 58 . 34 2 13 10679 18 2539 . 006 -. 79 57 . 24 2 
17 10443 59 1394 . 043 . 13 57 . 74 2 11 10684 4 2541 . 005 -. 40 57 . 74 2 
14 10446 20 2631 -. 102 • 21 58 . 23 2 11 10689 - 1 2587 . 037 -. 80 57 . 20 2 

5 10450 30 2180 . 095 1 . 49 57 . 27 2 11 10691 0 2858 -. 077 -. 64 58 . 34 2 
14 10453 24 2374 - . 037 .76 56 . 68 2 11 10692 2 2493 . 004 . 35 57 . 84 2 

15 10455 39 2460 . ooo . 28 57.77 2 17 10694 56 1554 . 117 -. 04 58 . 26 2 
12 10456 8 2533 . 034 . 39 58 . 03 4 15 10716 33 2172 -. 106 -. 30 56 . 81 2 
18 10461 7", 531 - . 083 . 55 57 . 34 2 12 10717 6 2529 -. 009 -. 48 56 . 26 2 
13 10463 17 2382 . 026 • 8 3 56.17 2 17 10718 53 1516 . 066 . 14 57 . 26 2 
15 10469 26 2243 . 150 -1 . 05 56 . 79 2 16 10722 41 2252 . 009 . 22 56 . 72 2 

15 10470 37 2205 - . 040 -1 . 04 57 . 73 2 15 10723 27 2071 . 067 - . 52 57 . 79 2 
16 10491 45 1955 . 025 - . 75 56 , 78 2 16 10726 45 1977 , 009 . 88 58 . 80 2 
15 10494 35 2272 -. 091 . 36 56 , 70 2 14 10727 23 2408 -, 029 -, 74 58 . 28 2 
13 10500 19 2491 - . 007 , 43 56 . 79 2 17 10743 55 1500 -. 038 -. 32 57. 20 2 
17 10506 56 1540 -. 019 -,29 56 , 66 2 15 10745 38 2294 -, 042 . 16 57 . 79 2 

17 10514 67 717 .OR2 -,'33 56 , 69 2 13 10747 16 2323 - . 006 , 27 57 . R2 2 
14 10520 24 ?'l86 - . 072 , 66 56 . 17 2 11 10755 - 3 1217 -. 036 -. 49 57 . '34 2 
16 10528 40 2079 - . 050 .'32 % , 24 2 17 10761 52 1601 -. 057 , 03 57 . 32 2 
14 10529 22 2396 .011 - . 40 58 . 60 3 13 10766 17 2422 -, 006 . 43 56 , 80 2 
17 10532 54 1459 -. ORO . 22 57 . 72 2 12 10776 8 2559 . 012 - , 13 56 , 80 2 

ll 10533 0 2479 . 004 • 1 1 57 . 74 2 14 10781 25 2448 -. 037 . 34 58 . 55 4 
13 10545 17 2394 - , 007 -.32 57 , 79 2 17 10783 66 742 - . 047 - . 34 56 . 18 2 
n 10546 16 ::>289 -.044 .64 56 , 79 2 11 10785 0 287R . 056 1 . 59 57 , 33 2 
14 10551 20 2645 -,009 , 15 56.71 2 17 10793 56 1558 . 060 . 28 57 , 73 2 
12 1055"\ 7 ?477 - . 054 - • O"l 56 , 73 2 11 10795 1 2641 . 020 . 15 5R , 23 2 

15 10562 40 2461 -.063 -l.2R 57 , 26 2 12 10797 12 2416 . 039 -. 44 5R , 06 4 
11 10574 4 2526 -.051 -.60 57 , 26 2 lR 10799 78 404 -, 105 -, 53 57 . 81 2 
12 10576 'i 2539 -.oo, 1. "15 58 , 25 4 16 10801 41 2265 -. 121 • 11 56 . 20 2 
14 10581 25 2418 -.037 .74 56.73 2 16 10802 47 1923 . 042 -, 36 56 . 73 2 
15 10588 3'3 2156 -,025 - , 33 56 . 73 2 15 10806 29 2251 . 038 - . 13 57 . 34 2 

15 10589 2R 2046 - , 096 .50 56.26 2 17 10812 62 1214 . 024 -. 22 56 . 86 2 
12 10605 12 2381 - , 030 - , 1 1 57,71 2 16 10818 45 1991 - , 120 , 95 58 . 28 2 
15 10609 30 2194 • 031 1.21 56 , 72 2 12 10819 8 2566 - . 030 -. 21 57 . 86 2 
15 10618 35 2285 • O'i 5 -1.19 56,17 2 17 10820 64 R77 , 028 -. 51 58 . 35 2 
11 10619 -1 2576 - , 040 .65 56,80 2 12 10821 5 2580 . 038 -. 58 58 . 74 2 

16 10620 44 2132 ,OR5 .83 56,73 2 15 10823 36 2235 - . 086 - . 50 58,26 2 
17 10621 62 1199 -,007 -.04 57.27 2 13 10824 17 2430 . 049 -1 . 09 58 , 82 2 
l 8 10627 71 58R -.08R -.43 57 , 26 2 15 10827 13 2189 - ,,06 7 - . 66 5R . "14 2 
14 10629 2'3 2"196 -.131 ,44 57.80 2 14 10830 21 2388 -. 111 -. 20 56 , 73 2 
17 10634 5R 1 "140 -.022 , 51 58.28 2 13 108% 15 2408 - . 077 . 18 57 . 27 2 
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OBSERVED-AGK2 Il OBSERVED-AGK2 

Zone Star 
1 

B.D. No. Aa 
1 

A& 1 Epoch 1 No.// Zone 1 
Star 

1 

B.D. No. 
1 

Aa 
1 

A& 1 Epoch 1 No. 

5 10844 27 2092 -.101 .29 58.25 2 18 11064 80 383 -.054 .35 57.88 2 
11 10862 0 2894 -.046 -.03 56.19 2 15 11068 32 2234 -.017 -.95 57.34 2 
17 10863 69 645 .005 .31 57.26 2 11 11069 4 2606 -.020 -.41 57.79 2 
n 10867 20 2683 -.024 -.75 56.78 2 15 11070 35 2333 .045 .18 57.73 2 
11 10868 5 2587 .002 .97 57.26 2 11 11074 0 2932 .030 -1.12 56.R6 2 

l? 10870 14 ?474 -.042 .32 'i7.32 2 15 11080 28 2109 -.031 -.44 58.28 2 
16 10871 42 2274 -.119 1.24 5R.25 2 15 11082 33 2225 -.072 -.29 56.33 2 
l l ]()A74 -2 3466 0 019 -1.09 57.98 1 14 11n9o 20 2713 -.nos -.65 56 0 R2 2 
18 10875 72 558 .090 -.35 58.31 3 15 11092 40 2529 -.053 .31 57.26 2 
12 10878 6 2555 -.119 .63 57.82 2 7 11093 50 1915 -.046 .44 58.26 2 

11 108RO -3 3239 -.070 -.06 57.82 2 17 11094 60 1396 -.074 .19 57. 73 2 
15 10881 11 2332 .014 .4R 57.73 2 18 11102 71 613 -.102 .33 56.80 2 
15 10885 38 2304 -.073 .38 57.26 2 17 11114 58 1373 -.049 -.02 57.76 4 
16 10886 49 2116 -.OA2 .27 57.36 2 11 11118 5 2623 .025 .59 56.85 2 
13 10909 17 2444 -.044 -.38 57.73 2 15 11124 26 2347 -.111 -.so 57.81 2 

16 10911 49 2 llR -.011 -.60 57.26 2 15 11125 18 2331 - 0 19R .15 57.81 2 
15 10913 29 2263 -.073 -.67 57.33 2 12 11131 10 2421 -.010 -.83 57.78 2 
16 10914 45 2001 .055 -1.79 56.81 2 17 11141 55 1531 -.013 -.10 57.34 2 
12 10917 15 2422 .023 .72 56.82 2 18 11144 76 449 -.238 .13 57.71 2 
11 10929 0 2907 -.068 .93 56.81 2 12 11145 14 2502 .001 -.92 58.56 4 

17 10942 65 874 -.084 -.01 57.32 2 16 11146 49 2139 -.174 .23 57.80 2 
18 10944 R7 104 -.717 .26 57.25 2 11 11148 -2 3520 -.018 .BO 58.72 2 
lfl 10951 74 489 -.198 -.01 58.35 2 15 11156 28 2116 .110 -.38 56.28 2 
14 10955 22 2450 -.1 Hl -.74 56. 73 2 11 11159 5 2630 .016 -.03 56.80 2 
17 10959 61 1283 -.018 -1.04 57.81 2 12 1116 0 6 2615 .031 -.26 56.87 2 

12 10960 12 2435 .OR4 .06 56.80 2 12 11162 9 2629 .001 .07 57.26 2 
17 10961 67 735 -.014 .17 58.2A 2 13 11166 16 2377 .014 .54 57.74 2 
15 10973 27 2105 -.044 • 0 2. 57.2R 2 18 11171 79 393 -.091 -.06 57.81 2 
15 10979 40 2513 -.088 .17 56.81 2 11 11172 -3 3302 .026 -1.09 57.73 2 
15 10983 34 2101 -.006 -.56 57.34 2 11 11179 -1 2674 .002 -.51 56.78 2 

17 10988 59 1431 -.034 - .14 57.31 2 7 11180 54 1530 -.159 -.62 56.86 2 
13 10990 17 2454 -.036 -.19 56.28 2 16 11181 43 2227 -.036 .80 57.82 2 
17 10994 53 1535 -.011 -.42 57.37 2 11 11185 0 2583 .001 .12 58. 72 2 
12 10998 7 2526 -.006 .03 57.28 2 12 1119 0 15 2469 -.045 .17 58.31 2 
11 10999 -3 3257 -.067 -.36 58.2R 2 17 11196 63 1017 -.211 -.30 57.88 2 

11 11002 -1 2639 -.009 .50 58.71 2 15 11204 34 2319 .018 -1.77 58.27 2 
11 11007 1 2676 -.051 -.25 58.34 2 15 11209 32 2252 .036 .03 57.80 2 

5 11011 36 2257 -.002 -.37 56.34 2 18 11220 77 475 -.325 -.08 57. 71 2 
11 11023 3 2626 -.046 .15 57.8 0 2 13 11229 18 2622 -.007 .23 57.82 2 
12 11027 8 2586 -.038 .18 56.81 2 14 11231 21 2428 .033 -.08 56.78 2 

11 ll028 -2 3494 -.042 .16 57.R2 2 12 11248 8 2618 .038 .63 57.73 2 
16 ll029 41 2287 -.041 .52 58.27 2 14 11249 25 2522 -.008 -.27 57.25 2 
13 ll033 lR 2587 .006 .92 58.28 2 11 11251 5 2643 -.056 .34 57.79 2 
17 11039 66 754 -.073 .26 57.73 2 15 11252 28 2133 -.081 .35 57.87 2 
16 11040 47 1949 -.054 .24 56.81 2 16 11260 42 2322 -.084 -.20 57.73 2 

17 11041 51 1537 -.059 .07 'i7.79 2 17 11266 59 1448 -.042 -.15 57.28 2 
17 11049 61 1009 -.008 .06 58.80 2 16 11269 47 1970 -.032 -.26 57.31 2 
16 11052 4R 2017 -.003 -.01 58.77 2 15 11270 28 2134 -.023 .01 58.28 2 
16 11054 44 2180 -.055 -.51 57.25 2 3 11284 17 25 00 -. 0 31 -. 0 8 5 8. 7~ 2 
18 ll062 R4 274 .029 .12 57.79 2 16 11288 46 1797 -.034 .10 57.2: 2 
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OBSERVED-AGK2 
1 

O BSERVED- AGK2 

Zone 1 Star 

1 

B.D. No. /j. a. 

1 

ô Ô 1 Epoch /No.,, Zone 1 Star 

1 

B.D. No. 
1 

ôa. 

1 

ôÔ 1 Epoch 1 No. 

11 11295 1 2724 - . 001 • 2 0 57 . 28 2 16 11539 47 1998 -. 026 -. 41 56 . 88 2 
14 11299 21 2434 - . 122 1 . 18 56 . 89 2 17 11540 60 1425 . 025 -. 04 57 . 81 2 
12 11300 15 2483 . 058 - . 53 57 . 86 2 11 1154 1 5 2690 . 022 -. 68 57. 77 2 
12 11308 n 2561 . 009 . os 56 . Rl 2 14 11548 25 2571 -. 058 -. 06 57 . 39 2 
13 11312 19 ?590 . 013 . 43 56.74 2 17 11549 63 1038 . 051 -. 58 58 . 28 4 

11 11325 _.,_ 3129 -. 048 . 69 57 . 49 4 15 11550 27 2189 . 017 . 30 56 . 82 2 
17 11333 61 1307 -. 051 - . 17 56 . 27 2 15 11554 37 2334 . 024 -. 37 57 . 82 2 
1 5 11343 37 2306 . 026 -. 73 56 . 79 2 15 11561 40 2590 -. 027 . 44 57 . 36 2 

6 11345 43 2249 . 043 -. AR 57 . 33 2 11 11562 2 2599 -. 029 -. 32 58 . 74 2 
5 11346 25 2544 - . 013 . 26 57 . 72 2 15 11570 33 2284 -. 055 -. 27 58 . 69 2 

15 11349 34 2341 - . 082 . 96 57 . 77 4 12 11572 13 2607 . 043 . 61 56 .79 2 
12 11350 8 ?626 - . OOA • 11 59 . 27 4 17 11575 64 923 -. 078 . 01 57 . 79 2 
18 11352 75 479 -. 015 . 24 57 . 36 2 17 11585 53 1577 -. 023 . 23 56 . Rl 2 
11 11376 -4 3331 - . 036 . 06 57 . 32 2 4 11588 24 2508 -. 008 . 31 57 . 73 2 
12 11380 9 2661 . 045 . 53 57 . 73 2 5 11590 30 2345 -. 085 - 1 . 20 57 . 28 2 

15 11381 31 2261 . 036 - . 21 57 . 80 2 18 11591 79 407 . 098 -. 73 57 . 82 2 
11 11 381 0 ?.972 - . 003 . 28 '56 • ZR 2 12 11596 11 2515 . 019 . 34 57 . 36 2 
17 11390 57 1'88 - . G26 - . OR 56 . 72 2 7 11597 51 1797 -. 023 . 50 58 . 34 2 

5 11399 40 2566 . 001 - . 04 57 . 34 2 15 11608 26 2409 -. 021 -. 29 57 . 39 2 
12 11405 11 2487 -. 039 . 24 57 . 26 2 13 1 16 1 2 18 2681 -. 018 . 60 56 . 3 4 2 

11 11412 1 2746 - . 007 . 40 56 . 87 2 6 116 1 3 49 2175 . 279 -. 32 58 . 74 2 
13 11417 lR 2655 -. 040 - . 24 56 . 89 2 11 11614 0 2637 -. 040 . 82 57 . 70 2 
15 11423 ZR 2148 - . OOR . 27 57 . 27 2 17 11624 59 1475 . 021 . 03 56 . 82 2 
11 11440 0 2608 - . 035 -. 79 56 . 79 2 17 11628 62 1268 -. 090 . 19 56 . 28 2 
13 11441 17 2532 -. 065 .41 57 . 36 2 11 11633 - 4 3390 - . 010 . 10 57 . 84 2 

5 11444 37 2324 - . 076 - . 37 57 . 70 2 11 11 645 3 2719 . 0 1 1 . 06 57 . 26 2 
16 11445 48 2055 -. 039 -. 01 58 . 37 3 11 11650 4 2683 -. 041 . 88 56 . 81 2 
16 11446 41 2258 . 058 . 48 57 . 83 2 7 11 653 55 1571 -. 045 -. 43 56 . 82 2 
15 11450 33 ?269 . 006 -1 . 34 58 . 39 2 18 1 1655 88 76 . 150 -. 06 57 . 87 2 
12 11451 7 2575 . ooo - . 42 58 . 28 2 15 1 1657 39 2589 -. 039 . 43 56 . 72 2 

11 11452 -3 3360 -. 071 . 14 58 . 7? 2 16 11661 46 1836 -. 053 -. 29 56 . 81 2 
17 11453 53 1568 -. 092 -1 . 17 57 . 31 2 15 11665 26 2416 -. 027 - 1 . 17 57 . 80 2 
14 11460 24 2495 - . 009 -.39 56 . 81 2 11 11666 2 2614 -. 058 . 17 56 . 80 2 
14 11464 21 ?45R . 001 - . 61 57 . 34 2 14 11668 22 2537 - . 016 -. 90 56 . 25 2 
17 11472 61 1'319 . 091 . 18 58 . 73 2 13 11672 19 2628 . 009 . 70 56 . 79 2 

n 11475 16 ?427 . 031 . 23 56 . 82 2 16 11683 46 1839 -. 010 -. 19 56 . 72 2 
15 114R3 34 2358 - . 12' - . 5R 5 7 • 81 2 17 11687 51 1802 . 015 . os 56 . 87 2 
17 11484 55 1555 -. 057 - . 31 57 . 73 2 15 11699 31 2445 -. 034 - 1 . 12 56 . 7R 2 
15 11486 36 2309 . 035 -.57 57 . 27 2 12 11713 10 2509 -. 003 -. 89 57 . 81 2 
J 5 11491 39 2568 . 010 . 09 57 . 83 4 7 11714 66 787 . 104 . 42 58 . 32 4 

14 11494 22 2517 . 003 - . 69 57 . 38 2 17 11717 54 1566 -. 114 . 32 57 . 80 2 
16 11504 46 1824 -. 003 -. 50 56 . 28 2 5 11719 36 2336 -. 136 -. 37 57 . 94 3 
17 11505 59 1468 -. 033 . 09 57 . 79 2 15 11731 27 2212 - . 132 -. 49 57 . 86 2 
13 11511 15 2512 - . 039 .02 57 . 36 2 15 11742 34 2389 -. 050 -. 15 57 . 81 2 
16 11512 50 1954 -. 065 -. 81 56 . 73 2 15 11748 29 2369 -. 055 • 78 57 . 32 2 

17 11515 5R 1' 9 7 . 031 - . 09 56 . 89 2 17 11749 60 1445 - . 007 - . 44 58 . 25 2 
15 11520 26 2399 -.074 - . 50 57 . 41 2 11 11753 2 2626 . 012 . 03 57 . 89 2 
11 11523 0 2622 .025 - . 47 58 , 25 2 16 11760 43 2300 -. 064 -. oz 57 . 33 2 
17 11529 51 1792 - . 026 - . 14 56 . 82 2 18 11762 72 600 -. 069 - . 03 57 . 36 2 

5 11530 34 2365 - . 020 - . 16 58 . 27 2 17 11766 63 1053 . 075 -. 29 57 . 87 2 
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OBSERVED-AGK2 Il OBSERVED-AGK2 

Zone Star 

1 

B.D. No. Â (X 

1 

Âh 1 Epoch /No.//zonel Star 

1 

B.D. No. 
1 

Â<X 

1 

Â& 1 Epoch 1 No. 

14 11768 23 2541 .076 -.08 57.33 2 15 12044 27 2255 -.091 -.36 57.33 2 
13 11774 19 2642 .011 1.19 57.35 2 11 12056 -3 3476 -.005 -.22 58.34 2 
15 11775 31 2456 .006 .09 56.26 2 15 12061 34 2426 -.016 .97 57.32 2 
16 11776 50 1982 -.011 .70 56.81 2 14 12066 20 2837 -.015 .59 57.36 2 
12 11780 6 2700 -. 057 -.11 57.'14 2 11 12075 2 2685 -.031 -.34 58.55 4 

13 11784 17 2596 -.009 .10 58.28 2 17 12077 53 1624 -.098 .28 58. 7, 2 
13 11790 16 2470 .049 .10 58.72 2 17 12079 67 786 -.185 -.28 57.90 2 
11 11795 0 3030 -. 012 -.07 57.36 2 17 12083 50 2006 -.045 .84 57.82 2 
15 11806 27 2224 -.072 -.45 57.34 2 17 12091 61 1359 .093 -.36 58.66 3 
14 11808 20 2806 .035 -.20 57.36 2 18 12097 75 507 -,204 .20 57.79 2 

16 11809 41 2364 -,056 .66 57.81 2 14 12098 22 2589 -.011 .24 57.40 2 
15 11810 35 2419 .022 -1.71 57.87 2 13 12104 17 2641 -,039 -.17 58, 77 2 
16 11811 47 2027 -.050 .22 58.35 2 15 12107 27 2264 -.201 -1.62 56.87 2 
12 11812 13 2643 -.034 -.11 57,36 2 12 12109 10 2556 -.009 -.29 57.79 2 
12 11815 11 2543 .033 -.48 58.86 4 15 12114 40 2663 -.005 .62 58.51 4 

7 11816 56 1645 ,042 -.15 57. 3'1 2 17 12119 65 943 .018 .61 56.91 2 
12 11823 9 2727 .009 .14 57.27 2 17 12120 57 1446 -.052 -.14 57.33 2 
12 11848 10 2523 ,064 .84 56.72 2 11 12121 1 2826 • 012 -.17 57.81 2 
16 11852 45 2096 -.011 -.65 56. 3'1 2 11 12128 3 2792 .035 -,16 57.33 2 
14 11854 23 2551 .001 -,50 56.88 2 13 12129 17 2645 -,026 - .14 57.31 3 

7 11855 61 1344 -.083 -.27 56.89 2 13 12137 19 2688 .002 -.29 57.36 2 
17 11868 51 1824 -.105 -.69 57 .2:6 2 12 12140 14 2636 .056 -.03 59,28 4 
13 11877 lR 270R -.007 • 41 56,78 2 lR 12141 73 595 -.i 01 .05 57.32 2 
17 11878 54 1584 -.043 -1.22 56 • 117 2 16 12145 47 2069 -.041 -.20 57.40 2 
15 11893 29 2'1R6 -.064 -.19 56.81 2 15 12161 35 2466 .033 -.93 57.73 2 

11 11922 3 2755 .036 -1.12 56.f.n 2 11 12165 0 3079 .030 -.17 58.93 5 
15 11926 34 ?411 -.066 -. 0'1 57.2'> 2 14 1216R 24 2604 -.124 -.29 56.91 2 
15 11934 37 2396 -.108 .68 56,90 2 14 12170 20 2848 -.023 -1.60 57.36 2 
12 11940 9 7.744 -.017 -.56 57.31 2 17 12186 60 1476 .035 -.75 56.90 2 
17 11947 65 927 ,025 ,28 56,82 2 15 12191 34 2435 .039 -.67 57.34 2 

14 11952 24 2570 -,097 -.05 57.27 2 16 12194 42 2424 -.019 -.20 56.87 2 
11 11958 3 2761 -.026 -.33 57.34 2 6 12197 44 2289 -.015 -.60 57.34 2 
15 11962 31 2474 -.141 • 1 6 57.26 2 17 12202 51 1R58 -.002 .52 56,91 2 
11 11972 0 3049 .021 .77 56,90 2 12 12203 10 2573 -.002 -.02 56.88 2 
16 11978 45 2106 .030 .30 56,87 2 11 12204 -1 2847 -.027 .10 58. 71 2 

17 11 OR2 "? 169R -.014 • 6 <; 'i6 • RO 2 17 12205 55 1624 -. 014 .49 57.7R 2 
16 11986 46 1865 -.003 -.13 57.40 2 15 12208 39 2665 -.022 -.40 57.36 2 

7 11987 51 1837 -,152 -.90 57.35 3 17 12218 58 1459 -.031 -.27 58.25 2 
13 11990 19 2667 .005 .24 58.25 2 18 12221 78 464 -.177 -. 08 57,26 2 
11 11991 -t+ 3470 .036 1.04 57.34 2 15 12222 26 2481 . 032 • 08 56.41 2 

11 11992 -1 2815 .001 1.76 57.82 2 11 12223 -4 3533 -,064 .78 57.81 2 
15 11994 35 2445 .010 -1.17 57.42 2 15 12224 29 2446 -.046 .53 57.36 2 
11 11999 5 2742 .050 ,56 57.80 2 7 12227 62 1308 .023 -.08 57.91 2 
17 12005 55 1602 -.116 • 0 l 58.07 4 16 12229 45 2124 -.025 -.24 56.87 2 
12 12006 11 2563 ,029 -.06 57.77 2 16 12232 40 2677 -.018 -1.43 57.80 2 

17 1?007 66 R07 .026 -.17 58.34 2 12 122'15 9 2796 -,047 .2 3 57.28 2 
n 12008 17 2626 -.036 .12 57.74 2 13 12237 16 2539 .027 -.02 57.88 2 
15 12009 26 2460 .092 -,63 56.79 2 18 12239 70 753 -,075 .os 57.88 2 
11 1201'1 -2 3684 .011 .57 57,% 3 17 12247 64 961 .120 .44 58.67 3 

8 12028 84 310 .161 .49 57,99 3 11 12248 2 2710 -.001 .59 56.87 2 
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OBSERVED-AGK2 OB SERV E D- AGK2 

Zone I Star B.D. No. B.D . No . Aa Ao 1 Epoch I No. 

11 12257 15 2609 - . 002 . 13 56 . Rl 2 12 12532 6 2819 . 026 -. 96 57 . 80 2 
11 12263 0 2727 . 022 - . 55 57.87 2 5 12533 31 2574 -. 098 -. 13 57 . 74 2 
1 5 12275 % 2406 . 041 . 26 5R.29 4 15 12540 29 24R3 -. 132 - 1 . 30 57 . 32 2 
lR 122Rl RO 421 - . 186 . 65 'î7 . 14 2 17 12547 50 2041 -. 036 -. 21 57 . 34 2 
17 122R7 ">6 16R2 . 012 • l R 'î 7 • RO 2 lR 12552 71 673 -. 069 . OR 57 . 37 2 

1 7 122R9 60 1486 - . 001 . n 57 . 82 2 16 12554 44 2319 - . 065 . 14 57 . 42 2 
16 J 2299 41 ?422 -. ORO . 40 56 . 8R 2 11 12559 - 1 2R97 . ooo . 30 56 . 90 2 
n 12101 16 ? c; 51 . 004 • 1 1 57 . 87 2 13 12560 18 2815 -. 016 . 09 57 . 26 2 
15 12302 '35 24RO - . 076 - . 16 57 . 86 2 12 12563 14 2692 -. 033 . 38 57 . 77 2 
16 12304 4'3 2350 - . 034 1.04 57 . 35 2 15 12570 33 2402 -. 021 . 66 57 . 39 2 

11 12310 1 2R47 . 036 - . 97 57 . 80 2 17 12573 55 1650 . 043 -. 19 57 . 36 2 
17 12319 52 1739 - . 077 . oo 58 . 86 2 12 1257R 13 2742 -. 020 -. 53 56 . 82 2 
12 12321 11 2601 . 062 . 36 57 . 79 2 11 12582 3 2847 . 006 -. 01 57 . 34 2 
16 12323 lfR ?152 - . 130 - . 1, 57 . R7 2 17 12583 59 1553 . 036 -. 68 57 . 78 2 
1 1 1?'326 4 27R'3 - • 011 - . 6'3 ", R • 72 2 15 12584 17 2490 . 002 -. IR 57 . 42 2 

l l 12141 2 272 7 • 002 - . 25 58 . 42 2 14 125R6 22 2659 -. 001 -. 04 56 . 82 2 
14 12'344 24 ?641 . 011 - . 47 'î7 . 79 2 13 12599 17 2699 -. 032 -. 50 58 .7 4 2 
l 7 12360 6'3 1094 -. 087 • 31 58 . 36 2 11 12603 2 2771 . 011 . 04 56 . 82 2 

R 12364 74 554 . 038 . 57 56 . 82 2 11 12608 - 3 3580 . 044 -. 18 57 . 36 2 
11 12372 1 2819 - . 033 - . 36 56 . 82 2 14 12610 24 2685 -. 063 -. 30 57 . 42 2 

17 12377 55 1637 - . 089 - . 84 57 . 34 2 15 12612 28 2292 -. 096 . 50 56 . 90 2 
18 1237R R5 234 . 150 - . 42 57 . 34 2 12 12627 6 2839 -. 004 -. 60 57 . 28 2 
15 121R1 -~6 ?414 . OOR . oo 57 . 18 2 11 12630 0 3135 -. 017 . 44 56 . 82 2 
16 12384 46 1906 -. 03R - . 25 58 . 26 2 13 12636 16 26 1 2 . 002 . 07 57.79 2 
12 12397 6 2R02 . 021 -. 15 57 . 80 2 17 12650 52 1776 . 060 -. 16 56 . 90 2 

17 12403 51 1R74 . 017 . 55 57 . 88 2 15 12651 32 2435 . 019 -. 56 56 . 82 2 
11 12404 1 2R57 -. 037 . 63 57 . 34 2 11 12653 3 2859 -. 077 . 60 57 . 26 2 
13 12405 17 ?676 -. 006 . R2 5R • 1 l 2 lR 1265R R2 411 -. 020 -. 01 59 . 33 4 
12 12413 9 2R20 . 001 - . 87 57 . 34 2 12 12661 15 2670 -. 014 . 66 57 . 34 2 
17 12422 5R 1474 -. 001 - . 2R 57 . R9 2 11 12672 - 4 3633 -. 043 -. 37 56 . 82 2 

17 1242R 64 970 -. 125 - . 81 58 . 59 3 16 126 71 41 2471 . 045 1 . 22 57 . 80 2 
13 12435 16 2577 . 028 • 36 58 . 34 2 11 12683 2 2782 . 001 . 54 56 . 90 2 
12 12437 R 2786 -. 011 .23 57 . 80 2 17 12692 63 1120 -. 072 . 27 58 . 36 2 
11 12442 - 3 3549 . 033 . 72 58 . 54 5 16 12701 43 2392 -. 081 -. 91 57 . 80 2 
n 12446 20 2R97 - . 117 . 49 57 . 26 2 12 12704 8 2827 -. 025 . 68 57 . 33 2 

7 12450 50 2034 - . 077 - . 66 58 . 79 4 12 12708 10 2649 . 005 -. 30 57 . 40 2 
17 12452 61 13R7 . 102 • 6 2 5R . 85 2 13 12713 17 2717 -. 007 -. 09 57 . 41 2 
12 12453 14 2681 - . 013 . 4R 57 . 88 2 17 12715 51 1898 -. 201 1 . 03 59 . 33 4 
15 121f64 32 2412 - . 079 - . 39 57 . 72 2 12 12720 7 2760 . 012 - 1 . 43 57 . 35 2 
18 12468 70 762 - . 042 . 10 58 . 29 4 11 l. 2732 - 4 3645 -. 043 . 61 57 . 34 2 

lR 12469 76 504 . 251 • 1 1 5R.25 2 16 12752 45 2165 -. 082 . 87 57 . 87 2 
16 12477 44 2 '312 - . 066 . 91 57 . 42 2 12 12757 13 2771 . 043 -. 16 56 . 88 2 
15 124R3 3R 2494 - . 079 • 18 57 . 81 2 14 12766 23 26 71 . 006 -. 53 57 . 34 2 
11 12499 3 2836 . 002 . 19 58 . 36 2 15 12772 38 2538 -. 017 . 58 57 . 26 2 
1 5 12500 ,1 2190 - . 016 - . 21 57 . ?6 2 lR 12774 74 573 -. 069 . 10 56 . 80 2 

16 12506 47 ?}OR - . ]67 1.00 56.34 2 12 127R2 12 2677 -. 105 . 42 57 . 87 2 
16 12521 42 7 45':i . OlR . 40 57 . 19 2 12 127R7 14 2722 -. 024 -. 15 57 . 42 2 
17 125?5 56 1700 .039 - . 55 'i7 . 36 2 11 12792 4 2R47 -. 120 -. 13 58 . 34 2 
1 5 12526 1"' ? c; 16 - . 066 . 66 ">7 . RO 2 13 12R02 18 2861 -. 089 . 69 57 . 36 2 
11 12527 -1 2R8R - . 057 . 45 58 . 34 2 14 12803 20 2957 -. 029 -. 66 57 . 79 2 
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OBSERVED-AGK2 
1 

OBSERVED-AGK2 

Zone Star 

1 

B.D. No. ~ (X 

1 

~ô 1 Epoch /No. 1 Zone 1 
Star 

1 

B.D. No. 

1 

~(X 

1 

~ô 1 Epoch 1 No. 

11 12809 0 3162 . 020 -.19 56.34 2 12 13018 8 2883 . 011 - . 19 57 . 79 2 
17 12810 54 1661 -.080 - . 77 57 . 34 2 4 13019 22 2718 -.231 -.49 56.34 2 
1-:i 12815 15 2695 -. 001 . 04 57 . 87 2 15 1'3020 39 2778 -.137 1 .1 3 57.87 2 
18 12817 79 443 -. 086 -.35 58 . 35 2 18 13022 75 539 . 061 -2.40 58 . 35 2 
lR 12R21 R4 '322 -. 117 . 19 'i7 . 82 2 11 13024 0 2845 -.024 . 24 57 . 40 2 

4 12R27 25 2759 -.216 . 31 57 . 79 2 12 13026 6 2912 . 013 . 23 58 . 77 2 
18 12R"'IO 76 520 -. 078 -.91 5 7 • 3'3 2 n 13036 19 2824 -.027 . 48 57 . 86 2 
13 12835 19 2796 . 004 . % 56 . 86 2 6 13043 41 2513 -.049 -.40 58 . 35 2 

5 12844 34 2522 . 054 . 33 58 . 69 2 11 13045 0 3207 . 019 1.60 58.88 2 
12 12847 7 2774 . 008 .1 9 56 . 88 2 15 13047 35 2581 -.010 -.13 59.27 2 

15 12852 36 2478 . 110 . 42 57 . 81 2 5 13053 27 2396 -.027 - . 79 57 . 80 2 
13 12857 18 2R70 . 028 . 06 57 . 33 2 16 13058 48 2220 -.098 . 56 58 . 59 4 
14 12861 24 2728 -. 015 . 69 57 . 90 2 14 13059 24 2745 -.015 -1.44 56 . 82 2 
16 12864 46 1960 -. 098 -.66 56 . 88 2 12 13067 15 2732 . 035 . 21 58 . 39 2 
17 12871 64 997 . 014 -.36 56 . 33 2 16 13069 50 209R -.0'33 -. 09 58 . 07 4 

16 12872 44 2"'150 -. 001 • 4 'l 58 . 36 2 15 13070 28 2349 -.025 -. 36 57 . 88 2 
16 12875 50 2070 -.006 -.10 58 . 67 3 17 13079 55 1699 -.074 . 37 58 . 76 5 
11 12879 -1 2951 . 014 1 . 01 57 . 38 2 15 13093 30 2541 . 031 . 18 57 . 33 2 
12 12888 6 2878 -. 058 - . 35 57 . 97 2 17 1309 5 69 761 . 069 -. 39 58 . 95 2 
13 12889 20 2975 -. 014 -.15 58 . 33 2 14 13102 22 2727 -. 185 -. 23 58 . 28 2 

13 12891 18 2R77 -.008 -. 06 56 . 79 2 12 13104 10 2720 . 007 -.02 57 . 26 2 
18 12894 77 541 -. 126 • 74 57 . 82 2 15 13107 38 2578 -.045 -. 02 56 . 89 2 
18 12908 81 415 . 213 . 95 57 . 82 2 12 13108 9 2928 -.019 -.67 57 . 86 2 
15 12914 2R 2'125 -. 154 -. 77 'i6 . 86 2 12 13115 12 2725 . 004 .14 57.91 2 
17 12919 5'1 1711 -.()77 • 'l l 'i6 • R 2 ? 17 1 'l 1 1 R 67 R47 . 027 • ",7 'i7 • 79 2 

16 12920 48 ?202 -. ORO . 38 57 . 87 2 11 13i22 0 3223 . 042 -1.60 57 . 34 2 
12 1292'1 15 2714 . 022 . 22 56 . 89 2 11 13124 0 2855 . 055 -.59 57 . 86 2 
15 12924 'l'i 2561 -. 171 . 22 57 . 79 2 18 13130 70 799 . 012 . 75 58 . 35 2 
17 12925 51 1921 . 076 - 1 . 24 57 . 36 2 11 13142 - 4 3736 -.021 . 39 57 . 89 2 
17 1?936 61 1132 -.098 . 44 57 . 42 2 11 13144 2 2854 . 003 -. 27 58 . 87 2 

15 12938 29 2538 . 061 . 31 56 . 90 2 14 13150 21 2677 -.033 -. 03 58.41 2 
12 12941 6 2891 -.001 . 85 58 . 33 2 18 13155 80 451 . 001 . oo 57.88 2 
15 12943 3R 2557 -.055 • 4 'l 59 . 01 3 16 13156 49 2319 - . 023 -.40 57 . 86 2 
11 12950 1 2939 -.004 -.46 58 . 34 2 14 13172 23 2729 -. 006 . 35 57 . 33 2 
12 12958 11 2684 . 036 -.31 58 . 81 2 17 13176 66 867 -.014 - . 05 57.87 2 

15 12961 40 2785 . 067 1.21 57 . 88 2 17 13177 51 1945 -. 161 1.63 56 . 89 2 
13 12968 20 2981 -. 057 1 . 26 57 . 79 2 11 13180 4 2909 -.001 .1 8 57.34 2 
11 12971 -2 3855 . 020 -.59 56 . 34 2 15 13184 32 2511 . 021 -1.13 57.36 2 
15 12973 25 2786 -. 022 -.16 56 . 90 2 5 13191 39 2797 . 062 . 21 58 . 72 2 
17 12974 69 751 -. 152 . 05 57 . 42 2 15 13192 34 2559 .029 -.40 58.40 2 

17 12975 56 1742 . 052 . 03 57 . 35 2 17 13194 61 1456 -.139 .80 57 . 42 2 
16 12979 43 2414 . 035 - . 53 58 . 39 2 17 13197 56 1757 . 012 • 11 58.86 2 
16 12984 46 1966 -. 168 . 25 57 . 86 2 13 13200 17 2783 -.053 . 28 57 . 34 2 
18 12985 72 645 . 007 . 24 57.87 2 15 13209 26 2598 .040 - . 13 57.36 2 
11 12988 -1 2963 . 026 . 56 57 . 97 2 16 13214 44 2391 -.078 .30 57.33 2 

15 12991 ôl 2627 -. 04R -.01 57 . 87 2 16 13230 48 2240 -.043 .57 56.85 2 
14 12993 22 2714 -.070 -.21 57 . 80 2 15 13236 38 2591 -.035 -.20 56.89 2 

5 13000 33 2471 -.064 -1. 77 58 . 72 2 17 13242 53 1737 -.069 - . 30 56.42 2 
16 13007 41 2510 -. 084 . 04 57 . 34 2 14 13246 21 2692 .077 .11 57.8é 2 
11 13016 2 2836 - . 030 - . 21 57 . 79 2 11 13250 2 2869 - . 049 . 78 57.33 2 
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OBSERVED-AGK2 
1 

OBSERVE D - AGK 2 

Zone 1 Star 
1 

B.D. No. Aa A& 1 Epoch 1 No.JI Zone 1 
Star 

1 

B.D . No. 

1 

Aa 
1 

A& 1 Epoch 1 No. 

11 lî251 4 2924 -.064 -.29 57 . 87 2 16 13565 45 2262 -. 039 - -15 56 . 96 2 
17 13253 64 1031 -.011 .25 57.87 2 12 13567 7 2909 - . 031 . 10 57 . 43 2 
17 13255 54 1708 -.051 .53 58.72 2 17 13582 55 1736 - . 066 . 89 57 . 65 4 
17 13256 50 2120 .078 . 75 58.35 2 11 13589 0 3318 - . 013 . 50 56 . 40 2 
15 l 1271 31 2668 -.015 - • 19 57 . 87 2 17 13591 59 1632 . 001 . 74 56 . 88 2 

12 13276 14 2796 - . 044 .99 57 . 33 2 11 1359 5 - 4 3832 -. 004 . 42 56 . 87 2 
17 13281 66 873 - . 032 . 34 56 . 90 2 8 13603 89 28 1 . 283 - . 79 59 . 39 4 
16 13295 44 2399 - . 233 .37 56.87 2 17 13607 53 1771 . 028 . 30 57 . 34 2 
17 13333 60 1572 -.002 .99 56.90 2 12 13609 5 2981 -. 005 - 1 . 10 57 . 43 2 
12 13335 7 2865 .006 .82 57 . 39 2 16 13610 49 2363 -. 055 1 . 20 58 . 30 4 

11 13337 1 3002 .079 • 11 57 . 77 2 13 1361 4 16 2752 . 005 . 75 57 . 43 2 
5 13338 ZR 2381 . 005 .21 56 . 87 2 12 13617 12 2809 . 010 . 25 58 . 40 2 

15 13343 33 2510 .015 -.63 59-11 4 18 13629 73 664 - . 104 . 18 58 . 42 2 
15 13349 40 2827 . 011 . 51 58 . 14 4 15 13641 34 2617 -. 037 . 46 56 . 89 2 
18 13350 87 143 - . 379 .06 58 . 41 2 18 13646 76 557 -. 170 1 . 26 56 . 88 2 

11 1335R -4 3779 . 032 1 . 14 58 . 80 2 15 13652 27 2469 -. 089 -. zz 57 . 43 2 
13 13360 17 2803 -. 018 . 19 57 . 96 2 13 13655 19 2945 . 074 -. 55 56 . 36 2 
11 13363 4 2939 . 017 - . 30 5R . R2 2 14 13658 24 2838 -. 105 . 64 58 . 36 2 
16 13365 48 ?.24R -.12q • 6 3 59 . 88 2 15 13660 39 2858 -. 079 . 21 59 . 65 4 
17 13374 67 858 -.068 . 42 56 . 33 2 12 13661 14 2856 - . 060 . 94 58 . 95 2 

17 13375 57 1544 . 036 . 87 56 . 87 2 5 13665 29 2646 . 015 -. 41 57 . 87 2 
11 13384 0 3286 .014 . oo ",7 . 87 2 14 13666 21 2751 - . 101 -1 . 14 58 . 88 2 
15 13391 25 2R56 - . 067 . 61 56.89 2 15 13667 25 2891 - . 017 - 1 . 15 57 . 82 2 

5 13395 35 2634 -. 035 • 00 57 . 80 2 11 13669 0 2948 -. 006 - . 25 58 . 41 2 
14 13400 zn 3051 .n66 . 56 57 . 79 2 11 13671 4 2993 . 022 . 29 56 . 87 2 

15 ]3402 30 2596 - . 070 -1 . 35 58 . 34 2 12 13684 7 2937 -. 005 -. 41 56 . 81 2 
12 13407 A 2955 - . 086 . 52 58 . 86 2 17 13687 52 1865 . 019 -. 09 56 . 88 2 
17 13411 61 1473 . 071 -.oz 57 . 87 4 3 13688 15 2842 . 027 . 52 57 . 91 4 
11 13418 2 '.2900 . 002 . 21 56 . 40 2 16 13689 45 2277 -. 135 1 . 05 57 . 36 2 
18 13430 77 565 .086 .15 56 . 96 2 15 13698 30 2643 -. 013 -. 32 57 . 41 2 

6 13434 46 2017 -.089 . 94 57 . 87 2 17 13700 60 1603 . 008 -. 06 58 . 82 2 
13 13437 15 2808 .005 . 46 57.41 2 17 13709 61 1495 - . 058 -. 52 56 . 92 2 
16 13442 42 2559 - . 010 .27 57 . 78 2 11 13711 0 3348 . 021 -. 50 58 . 33 2 

4 13452 24 2814 . 037 -.79 56 . 89 2 14 13718 23 2804 -. 025 . 27 56 . 87 2 
12 13454 'i 2962 . 024 -.21 56 . 96 2 17 13719 68 828 . 085 • 61 56 . 91 2 

13 13456 lR 2972 .024 -.09 57.49 2 13 l 'H21 18 3008 -. 063 . 20 58 . 34 2 
16 13463 48 2258 - . 231 -.49 57 . 84 2 6 13722 48 2284 -. 013 . 12 56 . 89 2 
12 13471 11 2762 .015 .18 57.93 2 16 13726 40 2874 . 084 . 73 58 . 48 2 
18 13473 84 339 .173 -.05 58 . 91 2 14 13727 22 2824 . 037 -. 05 57 . 34 2 
12 13488 12 2785 -.012 -.03 56.40 2 18 13728 78 510 -. 102 -. 62 58 - 42 2 

11 13500 -1 3020 -.011 .38 56 . 94 2 16 13733 43 2491 - . 029 . 99 56 . 89 2 
11 13508 0 3304 . 008 . 10 58.60 4 11 13742 -2 3985 . 013 • 11 57 . 88 2 
12 13514 6 3000 .033 -.30 59 . 11 4 15 13746 28 2425 . 015 -. 82 58 . 33 2 

3 13527 lR 2977 . 020 .60 56.87 2 17 13750 56 1798 -. 103 . 53 57 . 86 2 
15 13533 27 2457 .002 • 11 57 . 86 2 12 13758 9 3031 . 016 - . 60 57 . 87 2 

17 ]3544 'iR 1552 .004 .34 56.44 2 15 13759 25 2908 . 037 . 16 58 . 34 2 
11 13549 4 2971 .009 .91 56.33 2 17 13763 65 1052 . 089 . 08 57 . 83 2 
17 1 '3555 61 1484 .030 .01 56 . 34 2 17 13766 63 1194 - . 045 . 52 59 . 39 2 
15 13560 27 2461 -.008 .12 57 . 34 2 13 1376 7 17 2859 - . 052 . 35 58 . 87 2 
lA 13562 70 826 .065 .10 56.92 2 12 13770 8 3026 - . 021 -. 87 58 . 91 4 
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OBSERVED-AGK2 
1 

OBSERVED-AGK2 

Zone 1 Star 
1 

B . D. No. t:J.CJ. t:,. & 1 Epoch 1 No.,, Zone 1 
Star 

1 

B.D. No. 
1 

t:J.a 
1 

t:,. & 1 Epoch 1 No. 

15 13777 29 2663 -.050 - . 18 57 . 42 2 11 14041 2 2987 . 057 -.27 57 . 35 2 
17 13796 59 1655 -. 096 -.36 56 . 92 2 17 14044 55 1773 . 002 .78 57 . 36 2 
16 13797 44 2464 . 050 . 05 57 . 87 2 12 14047 13 2993 - . 012 .6 6 56 . 44 2 
11 13799 -, 3784 -. 077 -.63 5R . 88 2 11 14049 -2 4040 .035 . 12 58 . 34 2 
11 13803 - 1 3057 - . 009 . 47 57 . 94 2 16 14052 48 2322 -.091 .oo 56 . 92 2 

11 13807 1 3080 . 001 . 15 59 . 35 2 17 14068 67 915 -. 064 1 . 27 56 . 34 2 
5 1'3811 37 2644 . 028 . 49 56 . 89 2 4 1407 0 24 2919 -. 052 . 80 57 0 82 2 

11 13812 0 2971 -. 005 -.84 58 . 35 2 12 14075 6 3096 . 037 -.76 57 . 87 2 
18 13816 73 678 -.034 -.14 57 . 80 2 11 14077 - 3 3824 -. 032 -.19 58 . 39 2 
12 13824 7 2968 . 002 -.37 57 . 36 2 17 14078 53 1807 -.020 . 25 57 .40 2 

11 13827 3 3039 -.056 . 09 58 . 94 2 17 14085 55 1775 -.016 .77 58 .49 4 
11 13832 2 2968 . 066 1.19 57 . 37 2 11 14091 -4 3975 -.073 . 79 58.90 2 
13 13835 16 2790 -. 103 . 51 56 . 88 2 15 14098 27 2538 -.068 . 66 58 . 42 2 
13 l 1843 19 2973 -. 061 . 01 56 . 87 2 13 14100 19 3018 -. 038 . 26 59 . 00 2 
15 13844 33 2594 -. 065 . 02 57 . 93 2 5 14108 35 2731 -. 046 -.45 57.85 2 

11 13852 - 3 3793 . 004 . 96 58.28 2 lR 14114 74 630 - . 024 .43 58 . 90 2 
16 13853 46 2074 -.013 . 37 59 . 03 3 12 141 27 10 2911 -.043 . 39 56 . 88 2 
12 13865 14 2889 -. 0 19 . 18 58 . 34 2 12 14128 7 3037 -.001 -.32 57 . 88 2 

6 13868 49 2398 -.1 06 .10 57 . 37 2 15 1413 0 25 2973 -.060 . 0 1 57.80 2 
15 13874 40 2896 . 004 1.09 58.86 4 6 14131 49 2428 . 065 -.23 57.40 2 

12 13879 10 2871 -. 035 . 62 56 . 96 2 18 141 39 81 531 -.206 .38 58 .42 2 
14 13882 21 2783 -. 009 . 56 57 .79 2 14 14141 21 2827 . 023 -. 03 58 .42 2 

7 13884 64 1075 -. 046 . 14 5R . 42 2 16 14142 47 2272 . 058 -.20 57 . 95 2 
12 13891 13 2960 . 016 . 17 57 . 35 2 17 14145 63 1228 -.003 .40 58 . 42 2 
17 13896 69 801 -. 004 -.11 57 . 87 2 15 14147 39 2922 -. 083 - .1 8 58 . 82 2 

17 13907 51 1790 -. 006 -. 19 56 . 91 2 13 14149 16 2835 -.047 . 89 57 . 38 2 
11 13909 0 3375 . 026 -.72 57 . 93 2 15 14151 38 2708 -.108 . 73 57 . 86 2 
13 13910 18 3040 -. 023 . 90 58 o4 l 2 17 14152 61 1543 -.043 . 25 59 . 12 4 
11 13926 - 2 4021 -. 028 . 54 56 . 82 2 17 14154 59 1682 -.053 -.21 58.90 2 

5 13927 35 2705 -.135 - 1 . 58 58.12 4 13 14158 19 3024 .009 . 49 58 .47 2 

16 13928 50 2195 -.074 . 96 56 . 82 2 16 14174 44 2516 -.031 -.29 56 . 87 2 
15 13931 28 2447 . 007 -.17 56 . 95 2 4 14176 20 3163 - . 072 -.47 57 . 36 2 
16 13933 45 2307 . 025 -.86 57 . 87 2 15 14185 28 2487 -.140 -1.85 57 . 82 2 
11 13951 0 2990 . 014 . oo 56 . 91 2 11 14187 0 3423 -.029 -.58 57 . 41 2 
18 13967 79 470 -.089 . 57 57 . 93 2 12 14194 13 3027 . 024 .66 58.90 2 

12 13968 7 2996 -. 014 -.66 57 . 80 2 11 14196 2 3020 . 022 -.22 57 . 95 2 
12 13975 6 3076 -. 058 . 22 57 .4 0 2 15 14202 32 2642 -.019 .83 56 . 35 2 
17 13983 63 1216 -.1 02 .14 58 . 42 2 12 1422 0 8 3108 . 057 1.15 56 . 87 2 

5 13984 39 2895 -.062 .02 58 . 34 2 12 14224 10 2927 .004 -.24 57.42 2 
12 13987 9 3080 . 048 -.18 57 . 88 2 17 14228 54 1780 -.057 .91 57 . 82 2 

5 13989 3, 2611 . 060 -.27 57 . 90 2 14 1423 0 21 2851 - . 048 -.36 57.89 2 
17 13994 52 1890 -. 104 -.16 57 . 43 2 15 14231 31 2799 -.013 • 11 56.95 2 
17 13995 57 1598 .169 -.58 58 . 46 2 17 14235 56 1844 -. 0 75 .26 58.39 2 
15 14004 34 2674 -.023 . 21 56 . 34 2 11 14236 - 2 4077 -.033 . 16 58 . 41 2 
13 14011 }Cl 3002 . 001 -.33 57.33 2 11 14237 0 3040 . 001 -.74 58.41 2 

16 14012 41 2622 -.019 . 90 57 . 82 2 17 14241 57 1620 -.14 0 . 30 57 . 88 2 
17 14014 6<; 1069 -.041 -.48 57 .42 2 13 14243 17 2918 -.0 07 .97 57 . 42 2 
11 14017 0 3001 . 030 . 09 56 . 88 2 13 14248 19 3042 -.106 . 04 57.39 2 
18 14032 75 574 -.050 . 48 57 . 85 2 12 14253 13 3037 .003 .12 57.88 2 
15 14033 27 2528 . 044 - .1 9 57 . 40 2 18 14255 72 703 -.190 . 22 57.86 2 
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OBSERVED-AGK2 
1 

OB SERV E D-AGK 2 

Zone Star 
1 

B.D. No . À Cl 

1 

Âo 1 Epoch 1 No.li Zone 1 
Star 

1 

B. D . No. 
1 

ÂCl 

1 

M, 1 Epoc h 1 No. 

16 14257 4R 2346 - . 039 - . 29 57 . 82 2 12 14553 12 2993 -. 008 -. 68 56 . 88 2 
15 14261 34 2716 - . 030 -. 16 56 . 41 2 11 14564 - 2 4160 -. 035 . 40 57 . 36 2 
11 14274 1 3154 - . 051 . 52 5R . 64 3 17 14565 62 1470 -. 075 - . 77 57 . 96 2 
16 142R6 41 265'i - . 106 . 54 r:;6 . 37 2 11 14569 - 4 4095 -. 018 . lR 57 . 48 2 
17 142R7 r;, 1R32 . 056 . 56 57 . 40 2 17 14576 55 1810 -. 038 -. 63 57. 35 2 

17 14201 66 927 -. 075 . SR 56 . R7 2 11 14581 0 1503 . 042 -. 56 57 . 95 2 
15 1429R 29 2752 . 063 1 . 04 56 . 42 2 16 14583 40 3006 -. 057 . 39 56 . 98 2 
11 14 '314 -2 4094 - . o-:io - . 25 56 . 90 2 17 14589 52 1961 -. 062 -. 25 58 . 42 2 
15 14"'\26 3'3 2762 -. 04R -. 48 56 . 41 2 15 14590 29 2816 . 084 -. 04 57 . 87 2 
16 14329 47 2292 -. 021 . 92 56 . 89 2 6 14595 47 2333 - . 003 . 27 58 . 25 4 

12 14"'\40 6 3149 . 016 - 1 . 22 r:;6 . 94 2 11 1459R "'l "'\173 -. 011 . 38 58 0 41 2 
17 14345 60 1649 . 039 -. 07 56 . 95 2 12 1 4604 10 2992 . 061 . 35 57 . 96 2 
12 14349 13 3062 -. 055 -. 57 56 . 95 2 R 14608 79 493 -. 258 -. 20 58 . 44 2 
16 14%2 42 2671 - . 201 -2 . 56 57 . % 2 R 1 4 619 73 717 -. 083 . 30 SR . 4 4 2 
11 14366 0 3455 - . 042 . 18 58 . 42 2 15 1 4621 32 2717 -. 068 -. 35 56 . 89 2 

16 14%9 44 7541 -. ORO - . 12 57 . 52 2 15 1 4649 ZR 2564 -. 020 . 03 56 . 95 2 
15 14371 % 7689 -. 006 1 . 77 56 . 98 2 14 14656 24 3003 -. 110 -. 65 57 . 96 2 
16 14"'\75 45 2170 -. 096 -1 . 03 58 . 41 2 14 14672 23 2934 -. 029 - . 16 56 . 96 2 
11 14376 - 2 4111 -. 037 . 29 57 . 41 2 12 14673 5 3203 -. 002 . 13 58 . 40 2 
11 14378 -, 3875 -. 038 . 21 58 . 11 3 lR 14674 76 606 -. 195 . 88 57. 97 2 

17 14379 5R 1615 -. 119 -. ZR 58 . 41 2 17 1 4675 60 16 76 . 004 . 64 58 . 41 2 
17 14381 62 1452 -. 091 - . 57 57 . 43 2 15 14687 34 2787 -. 025 -. 15 5 7. 42 2 
11 14385 3 312R . 007 -. 89 57 . 94 2 15 14698 33 2733 . 009 . 18 56 . 96 2 
n l41RR 16 2R85 • O"'l4 -. 57 SR 0 04 2 13 14 700 15 3008 . 024 . 91 57 . 35 2 
lR 14 "'\97 Fn 468 -. "'l42 1 . 05 57 . 80 2 17 147 1 0 54 1814 -. ORS . 03 56 . 89 2 

12 14400 5 3147 - . 021 - • 1 "'l 58 . 69 4 5 14714 40 3020 - . 067 . 21 56 . 96 2 
12 J 440"'\ 7 "'l) IJ? -. o,5 . 02 r;R . 41 2 11 14716 4 1191 . n15 -. 45 57 . 43 2 
15 l440R 14 7741 - . 1 -:io - • 21 59 . 12 "'l 15 14721 15 2822 -. 003 -. 49 58 . 48 2 
12 14423 11 2926 . 007 - . 22 5R . 90 2 17 14728 56 1892 . 009 -. 64 58 . 41 2 
15 14431 25 3039 -. 161 . 40 57 . 34 2 14 14734 20 3284 -. 104 -. 99 57 . 43 2 

17 14432 53 1848 -. 028 . 26 57 . 40 2 11 1 4740 1 3246 -. 023 -. 12 56 . 95 2 
16 14446 48 2369 - . 065 . 96 57 . 36 2 15 1 4745 37 2762 . 055 -. 91 57 . 83 2 
14 14450 21 2882 - . 001 . 41 56 . 40 2 13 14751 17 3041 -. 005 1 . 24 56 . 96 2 
14 14451 24 2977 - . 039 - 1 . 39 57 . 97 2 16 14759 42 2719 -. 022 . 10 57 . 71 4 
17 14452 67 928 -. 031 - . 86 57 . 90 2 15 14767 28 2581 -. 066 . 50 56 . 89 2 

13 14460 lR 3138 - . 002 1 . 11 57 . 41 2 14 14773 23 2951 -. 048 1 . 15 56 . 98 2 
16 14477 46 2156 - . 040 . 47 56 . 95 2 11 1 4776 - 4 4128 -. 034 . 43 56 . 96 2 
11 14485 4 3140 . 021 . 10 56 . 82 2 11 1 4 777 - 3 3964 -. 048 . 58 58 . 66 4 
13 14486 16 290R -. 004 1 . 25 57 . 39 2 12 14786 7 3207 -. 051 . 13 57 . 49 2 
12 14488 9 3169 . 033 - . 60 57 . 43 2 7 14792 54 1819 . 015 -. 41 57 . 97 2 

11 14492 0 3477 - . 012 . 25 57 . 94 2 17 14793 51 2115 . 027 . 38 58 . 05 2 
11 14494 -1 3159 - . 040 . 57 58 . 04 2 17 14794 59 1734 . 028 -. 06 58 . 49 2 
14 14498 22 2946 - . 006 . 63 56 . 41 2 13 14799 19 3127 . 075 . 17 56 . 98 2 
16 14512 48 2380 . 012 - . 36 57 . 89 2 15 14802 32 2750 . 042 . 19 57 . 49 2 
18 14514 81 543 . 254 . 31 58 . 88 2 17 14806 66 959 . 005 - . 31 57 . 95 2 

17 14519 66 944 - . 133 . 09 57 . 51 2 15 14814 30 2843 . 007 -. 53 57 . 90 2 
13 14523 20 3236 . OOR - . 87 56 . 36 2 11 14816 2 3140 -. 024 . 31 57 . 95 2 
15 14528 3R 2747 - . 039 • 5 8 56 . 40 2 15 14831 36 2756 - . 168 . 45 57 . 43 2 
17 14534 61 1577 - . 101 . 27 57 . 43 2 13 14R41 19 3135 - . 016 1 . 39 56 . 89 2 
17 14541 64 1117 - . 027 • 15 57.95 4 11 14851 0 3155 -. 027 - . 17 57 . 4R 2 
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OBSERVED-AGK2 Il OBSERVED -AGK2 

Zone Star 
1 

B . D. No. t:.o. 
1 

t:. ~ 1 Epocb 1 No.li Zone 1 
Star 

1 

B.D. No. 

1 

t:.o. 
1 

t:.~ 1 Epoch 1 No. 

11 14859 3 3240 -.004 .78 56.96 2 15 15094 37 2821 -.075 -.27 58.99 2 
16 14862 46 2199 -.058 .31 56.89 2 11 15095 0 3203 -.017 .37 58.48 2 
15 14876 35 2848 -.035 -1.07 56.89 2 4 15099 23 3020 .009 -.25 58.42 2 
16 14885 44 2598 -.055 .10 56.50 2 13 15101 17 3125 .014 .51 59.40 4 
12 14894 12 3064 -.019 .37 58.48 2 15 15103 40 3074 -.042 .36 57.97 2 

17 14898 56 1911 .009 -.17 57.05 2 14 15109 22 3035 .016 -.34 58.01 2 
16 14903 41 2740 -.223 .72 56.49 2 12 15115 13 3264 -.022 -.04 57.95 2 
11 14907 0 3569 .042 .43 57.88 2 12 15120 10 3102 .006 .56 56.95 2 
18 14908 79 510 .125 -.20 57.90 2 17 15125 65 1156 -.024 .40 56.49 2 
11 14910 -3 3982 .012 .65 56.95 2 15 15128 32 2820 -.022 -.36 57.06 2 

17 14911 53 1883 -.012 .71 58.05 2 17 15134 55 1R90 -.002 -.14 57.96 2 
12 14912 11 3028 -.033 .18 58.04 2 12 15135 9 3299 .034 -.19 56.89 2 
13 14914 15 3040 .021 -.27 57.42 2 16 15137 43 2668 .027 -.14 57.97 2 
12 14920 6 3282 -.058 1 • 31 57.03 2 7 15140 57 17113 -.051 -.83 57.44 2 
11 14924 4 3242 -.017 .î2 59. 14 4 15 15148 "33 2805 .054 .98 56.49 2 

12 14925 7 3228 -.004 .67 59.00 2 15 15150 ,O 2911 -.030 -.77 57.51 2 
12 14930 q 3259 .009 -.91 58.50 2 12 15159 8 3322 -.021 -.21 56.96 2 
15 14918 32 2775 .021 -.29 57.96 2 11 15160 -3 4040 -.047 .61 56.98 2 
12 14940 10 3058 -.021 -.27 57.93 2 lR 15169 78 573 -.137 .46 57.49 2 
13 14941 17 3081 .038 -.07 58.93 2 16 15177 47 2419 -.061 .52 56.49 2 

17 14944 52 1994 -.105 -.41 57.42 2 17 15197 54 1856 -.036 .17 57.43 2 
16 14950 48 2431 --102 -.11 57.94 2 16 15202 41 2784 -.101 -.94 56.49 2 
15 14956 27 2681 -.049 .13 58.44 2 15 15206 29 2927 -.015 -.35 58.68 4 
17 14965 65 1141 -.004 -.14 58.05 2 11 15212 -2 4294 .021 -.BO 57.49 2 
16 14969 46 2211 .oo, -.48 56.96 2 17 15213 51 2161 -.125 -.27 57.42 2 

n 14972 lR 3237 -.015 .41 57 • 9"1 2 lR 15214 73 754 -.040 .62 57.43 2 
17 14973 5R 1669 -.008 .09 58.07 2 13 15217 16 3091 -.032 -.14 56.95 2 
15 14975 zq ;>R81 .031 1.07 58 .96 2 15 15222 32 2R44 -.021 -.10 58.50 2 
11 14979 1 3306 -.033 .03 58.02 2 16 15227 45 2487 .023 -.42 58.07 2 
14 14981 20 3"332 -.074 .11 58.9"3 2 15 15228 36 2823 -.072 .34 57.59 2 

12 14982 9 3273 .016 .04 59.45 3 12 15231 14 3185 .012 .12 58.49 2 
15 149R8 31 290R .020 -.82 58.41 2 17 15232 53 1915 -.029 .zo 57.99 2 
12 14996 6 3296 .006 .82 57.94 2 11 15234 3 3339 -.014 .36 57.94 2 

4 15002 24 3060 -.072 -.01 57.42 2 17 15237 67 984 -.153 .57 59.03 2 
12 15005 5 3276 .089 • 3, 56.44 2 15 15242 25 3197 -.023 -.28 58.89 2 

13 15022 19 "3175 -.001 .67 56.RR 2 12 15244 5 3"32"3 .026 -.43 57.51 2 
12 15034 12 3097 -.034 -.08 58.97 2 lR 15246 71 823 -.086 -.39 57.91 2 
13 15035 lR 3256 .011 1.00 57.72 4 12 15258 7 3304 -.035 -.94 58.0"3 2 
16 15039 4R 2445 -.014 -.35 56.44 2 11 15271 -4 4233 -.022 .12 58.43 4 
15 15040 38 2848 -.002 1.71 58.02 2 17 15274 60 1735 -.029 .35 57.03 2 

17 15041 51 2141 -.ORO .04 57.03 2 17 15275 65 1168 -.054 .01 5R.43 4 
15 15048 35 2878 -.031 -.20 57.98 2 6 15281 42 2800 -.031 .20 57.05 2 
14 15050 21 2997 -.085 -.80 58.03 2 16 15284 44 2659 -.032 -.23 57.49 2 
11 15051 3 3298 .017 -.07 57.97 2 12 15286 12 3159 .001 -.04 57.94 2 
11 15076 -, 4023 -.051 .91 56.96 2 11 15292 0 3646 -.012 -.39 57.97 2 

18 150Rl 71 RIZ -.149 .56 57.97 2 16 15296 47 2435 -.001 .05 58.50 2 
11 15087 0 3597 .029 .23 57 .96 2 15 15308 29 2951 .011 .74 56.89 2 
15 15089 32 2810 -.074 .09 58.46 3 15 15319 39 3083 -.033 .74 56.94 2 
11 15090 -2 4275 -.046 - .16 58.76 4 12 15322 6 3365 .002 .oo 57.03 2 
16 ]5093 40 3072 .OlR .30 57.95 2 11 15126 2 3266 .120 • 21 59.42 2 
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OBSERVED-AGK2 
1 

O BSER V ED- A GK2 

Zone Star 
1 

B.D . No. A ix 
1 

A h 1 Epoch 1 No. li Zone 1 
Star 

1 

B . D . No. 
1 

Aix 
1 

Ah 1 Epoch 1 No. 

16 15333 4R 24A9 - . 080 - . 50 57 . 97 2 18 15683 71 847 -. 179 1 . 02 58 . 05 2 
17 15350 61 1645 -. 045 1 . 08 56 . 89 2 11 15694 1 3467 -. 003 . 15 57 . 49 2 
11 15355 5 3353 . 017 -. 01 56 . 50 2 17 15697 66 1034 . 005 . 13 5 7. 48 2 
12 15363 14 3205 . 020 - . 30 57 . 56 2 15 15699 38 2966 -. 027 1 . 02 57 . 45 2 
l'3 ]5374 17 3?01 - . 060 . 82 57 . 52 2 12 15707 11 12 10 -. 041 . 20 56 . 50 2 

17 15377 15 3141 . 014 -. 14 56 . 97 2 12 15710 14 1289 . 028 . 84 56 . 96 2 
15 153Al 30 ?956 -. 014 . 85 56 . 96 2 13 15712 19 3381 -. 021 . 16 57 . 99 2 
15 15416 37 2863 . 085 -. 35 58 . 12 3 15 15 7 20 31 3062 -. 004 . 01 56 . 95 2 
16 15420 49 2614 -. 001 - . 36 56 . 96 2 17 1572 4 69 929 -. 024 -. 06 58 . 44 4 
11 15431 - 4 4262 -. 034 . 21 56 . 98 2 12 15730 12 3267 . 009 -. 32 57 . 43 2 

15 15433 27 2787 -. 058 - 1 . 02 56 . 96 2 15 15742 26 3053 . 002 -. 43 57 . 97 2 
11 15437 - 2 4332 . 005 -. 27 59 . 84 3 17 1 5743 68 945 -. 03 1 -. 07 57. 49 2 
11 1544A 0 3265 -. 029 -. 98 58 . 91 2 12 15753 7 3434 -. 023 - . 12 56 . 51 2 
14 15449 22 3120 -. 018 . 23 56 . 99 2 12 15760 6 3490 -. 026 . 60 57. 40 2 
11 15455 4 3396 - . 014 . 21 57 . 49 2 15 15764 34 30 19 -. 090 -. 60 57 . 06 2 

l'3 15462 17 3225 -. OlA .15 56 . 96 2 1 5 15771 35 3040 -. 031 . 38 57.1 1 2 
17 15464 61 1652 . 004 - . 49 57 . 52 2 15 15773 2A 2803 -. 009 -. 98 56 . 98 2 
17 15472 62 1540 . 012 . 06 57 . 49 2 4 15777 21 3 189 -. 003 .49 57 . 97 2 
12 15479 9 3372 -. 001 -. 26 56 . 93 2 18 15784 70 949 -. 0 4 1 -.3 3 57. 0 1 2 
17 15484 59 1804 - . 001 . 45 56 . 74 3 14 15786 23 3162 -. 05 1 - 1 .4 8 57 .42 2 

15 15521 37 2881 -. 085 . 29 56 . 46 3 17 15789 50 2449 -. 0 14 .1 2 56 . 98 2 
16 15540 45 2531 -. 006 1 . 32 57 . 42 2 12 1 5793 10 3272 -. 027 . 49 58 . 49 2 

5 15559 25 3264 . 016 - . 60 56 . 98 2 13 15800 18 34 4 5 -. 0 4 5 . 22 56 . 47 2 
11 15561 0 3285 -. 014 . 06 57 . 51 2 15 15805 27 2877 -. 106 . 52 57 . 06 2 
14 15562 24 3184 -. 077 . oo 57 . 57 2 11 15806 4 34 93 . 008 . 21 57. 43 2 

11 15565 -2 4357 -. 010 , 48 5R . 04 2 11 15815 - 1 3386 . 021 .4 3 57. 98 2 
11 15570 - 3 4105 - . 052 . 13 57 . 96 2 14 15830 22 3205 -. 030 -. 63 57 .49 2 
18 15574 73 772 . 023 . 01 57 . 49 2 16 15831 49 2685 -. 154 -. 83 57. 50 2 
12 15583 13 3382 , 037 - . 06 57 . 52 2 15 1 5833 30 3052 -. 021 -.45 58 . 49 2 
12 15589 9 3399 -. 022 . 01 57 . 95 2 16 15834 42 2909 -. 041 -. 93 5 7. 49 2 

11 15594 1 3440 , 024 . 92 56 , 49 2 15 15835 39 32 1 5 -. 004 . 50 58 . 57 2 
12 15599 11 3188 . 065 , 6 5 58 , 98 2 11 1 5840 - 3 4 172 -. 038 . 37 59 . 02 2 
16 15601 41 2839 -. 06'3 . 48 57 , 42 2 18 158 4 3 75 640 -. 167 . 82 58 . 07 2 
12 15603 10 3219 - . 034 -. 23 57 . 06 2 13 158 4 6 17 3332 -. 028 . 36 57 . 57 2 
14 15611 22 3157 - . 002 . 50 56 . 93 2 11 1 5865 0 3361 . 035 . 3 7 57 . 49 2 

18 15612 77 661 - . 167 . 30 56 . 98 2 18 1 5871 80 555 -. 136 . 16 57 , 44 2 
15 15613 29 3033 -. 011 1 . 37 57 . 95 2 15 15873 32 2987 -. 069 -, 26 57. 49 2 
16 15619 45 2540 . 016 . 14 57 . 49 2 17 158 7 5 67 1036 -. 040 -, 37 58 . 50 2 
17 1562R 59 1823 , 046 - 1.56 57 , 5fl 2 17 1 5909 56 2024 -, 038 . 20 5 7. 05 2 
11 15629 2 3340 , 050 -, 25 58 . 91 2 17 15917 54 1917 -. 002 -.1 8 57 . 56 2 

16 15637 40 3162 . 037 . 69 57 . 52 2 15 15918 '38 3011 . 005 -. 03 57 .44 2 
4 15649 23 3131 - , 044 . 43 56 . 95 2 11 15939 - 2 4480 -. 03 4 . 79 57 . 42 2 

12 15657 7 3400 - . 001 - . 94 56,50 2 12 15954 14 3360 . 013 -. 03 58 . 04 2 
15 15658 32 2941 - . 076 . 2, 57 , 05 2 12 15960 9 3505 , 007 -. 17 57 . 81 3 
17 15660 52 2067 - . 052 - , 06 57 , 58 2 14 15963 23 3207 -.1 11 -. 78 57 .1 0 2 

17 15661 64 1204 - . 040 • 21 57 . 97 2 17 15976 52 2110 -. 002 , 06 57 . 96 2 
14 15665 21 315'3 - . 019 -1 . 26 57 . 98 2 16 15977 42 2951 -. 014 . 55 59 . 03 2 
11 15674 4 3448 , 065 • 6 2 5R . 94 2 12 15980 12 3324 , 009 . 86 58 . 06 2 
12 15676 10 3246 , 025 -.06 58 . 05 2 17 15986 66 1057 -. 027 -. 43 58 . 06 2 
16 15682 43 2763 - . 106 .45 57 . 49 2 16 15989 45 2620 . 097 . 66 57 . 50 2 
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OBSERVED-AGK2 Il OBSERVED-AGK2 

Zone Star 
1 

B . D. No. .6. (l .6. 6 1 Epoch !No.li Zone 1 
Star 

1 

B.D. No . 
1 

.6.a 
1 

.6.6 1 Epoch 1 No. 

12 15995 6 3576 .0 1 5 -. 05 5 7. 12 2 12 16251 13 3564 -.013 .57 57.58 2 
15 1599 9 32 3010 -.030 -.39 56.88 2 16 16253 40 3314 -.011 -.11 58.03 2 
18 16004 A5 294 -.279 .19 58.05 2 12 16259 5 3656 .010 .62 57.42 2 
16 16021 47 2563 -.073 .53 58.91 2 16 16261 45 2679 .049 .66 58.14 2 
11 16028 0 3393 .010 .05 5 7. 14 2 16 16263 42 3030 -.022 .48 57.59 2 

12 16030 14 3"'175 -.006 .40 57 .96 2 17 16267 63 1415 .002 -.36 57.58 2 
15 160"'!2 "'18 3045 -.044 .30 57.51 2 15 16271 36 3064 -.003 -1.37 57.57 2 
17 16037 54 1925 -.058 -.73 58.05 2 18 16273 74 757 .026 -.18 5A.O2 2 
16 16038 40 3254 -.016 -.78 58.07 2 13 16274 15 3415 -.001 .14 57.85 4 
16 16053 49 2716 -.069 .oo 57.52 2 15 16277 25 3475 -.043 -.15 57.53 2 

17 16059 56 2044 -.023 .26 57.89 2 15 16305 36 3079 -.013 -.37 57.96 2 
17 16066 63 1396 .089 -.10 57.01 2 16 16307 48 2668 .033 -.10 57.48 2 
11 16070 0 3837 .040 -.84 57.51 2 12 16309 8 3636 .009 -. 01 57.49 2 
16 16072 41 2955 -.001 -1.21 '17.06 2 11 16"'124 -4 4438 -.055 .50 57.52 2 
15 16076 30 3106 -.054 -. 10 57.56 2 17 16334 69 973 -.078 .34 57.56 2 

15 16077 39 3"'100 -.o-:io .59 57.43 2 16 16337 40 3340 .012 1.16 57.06 2 
14 16079 20 3642 -.043 -.85 57.52 2 15 16342 31 3239 .065 .88 57.61 2 
18 16086 71 864 .041 .93 57.42 2 15 16346 39 3385 -.049 -.45 58.06 2 
14 16087 24 3311 .033 -.73 57.12 2 17 16348 52 2184 -.002 -.45 58.59 2 
13 16097 17 3418 .014 -.45 58.05 2 12 16350 10 3479 -.009 .93 57.53 2 

4 16118 21 3292 .023 -.13 56.96 2 17 16351 55 2054 .080 -.25 59.00 2 
12 16120 5 3599 -.046 .56 57.07 2 18 16361 80 577 -.139 -.36 58.02 2 
lA 16121 82 5"'17 -.058 .14 s1.n 2 16 16365 46 2464 -.241 1.92 57.98 2 
16 16128 42 2996 -.071 .67 '17 .52 2 17 l 6%8 61 1741 -. 003 .26 5A.76 4 
15 16129 29 3180 -.036 -1.22 57.06 2 17 16370 66 1100 -.078 -.11 57.60 2 

13 16131 l '> 3"154 .005 .04 57.06 2 17 16376 64 1263 -.025 .os 59.04 2 
15 16132 37 3008 -.075 -.25 58.49 2 16 16380 42 3065 -.070 1.29 57.04 2 
18 16136 79 569 -.226 .14 57.48 2 12 16381 12 3499 -.002 .39 56.50 2 
17 16139 64 1242 -.067 .15 58.12 2 16 1639 0 43 2962 -.024 .43 56.47 2 
12 16141 n 3514 .003 .18 57.98 2 5 16392 25 3510 .021 -. 77 57.50 2 

12 16143 10 3385 .018 -.62 58.54 2 15 16396 38 3157 .007 -1.41 58.06 2 
17 16157 54 1940 .037 -.77 58.56 2 13 16398 17 3565 .008 .60 58.04 2 
17 16161 62 1596 -.059 -.18 56.49 2 11 16403 -3 4279 -.037 -.05 57.97 2 
16 16164 48 2639 -.131 -1. 05 58.05 2 12 16407 13 3632 -.009 .89 57.03 2 
11 16169 "I 3597 -.015 • 1 l 57.06 2 12 16413 9 3699 -.017 -.12 57.50 2 

11 16181 -4 4405 -.021 .47 57.52 2 18 16420 75 667 -.043 .36 58.02 2 
11 16183 0 3859 -.011 -.28 57.51 2 16 16427 41 3051 -.020 -.08 57.53 2 
16 16198 47 2589 -.083 -1.58 56.40 2 15 16432 33 3099 -.006 .19 57.58 2 
12 16205 7 3578 .009 .87 57.07 2 15 16433 26 3253 -.018 -.81 57.51 2 
15 16211 29 3195 -.024 -.06 56.98 2 13 16434 19 3643 -.0 25 .55 57.48 2 

13 16219 18 3586 -.045 .32 57.51 2 14 16439 24 3416 .013 .39 58.05 2 
15 16224 27 2975 -.033 .2 0 56.5 0 2 15 16446 30 3206 -.069 .34 57.03 2 
18 16225 72 829 .013 . 08 58.02 2 17 16459 59 1898 -.050 -.13 58 .48 4 
18 16227 77 681 -.083 .71 56.96 2 lA 16464 70 998 -.022 -.08 57.48 2 
17 16231 61 1728 -.105 -.26 57.11 2 12 16469 14 3546 . 007 .33 57.52 2 

18 16234 A6 275 -.873 .47 57.97 2 18 16470 77 696 . 034 1.19 58.02 2 
11 16240 4 3652 .022 .43 58.12 2 15 16473 39 3428 -.012 .49 57.03 2 
15 16244 37 3043 -.066 -.51 56.47 2 15 16478 37 3130 .030 -.29 57.97 2 
17 16249 52 2159 -.031 .37 57.51 2 17 16486 57 1874 -.022 .32 57.05 2 
11 16250 0 3883 .021 .6 0 57.06 2 13 16498 15 3483 -.087 .38 58.51 4 
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OBSERVED-AGK2 l OBSERVE D- AGK2 

Zone 1 Star 
1 

B.D. No. A a 
1 

A~ 1 Epoch 1 No.,, Zone 1 
Star 

1 

B .D . No. 
1 

Aa 
1 

A~ 1 Epoch 1 No. 

14 16501 21 3459 -.036 .22 58 . 06 2 15 16857 33 3246 - . 068 . 67 57 . 03 2 
12 16509 13 3667 .ooo .24 59.03 2 12 16861 12 3711 -. 042 - • 10 57 . 06 2 
15 16513 25 3551 -.013 .31 56.94 2 12 16872 7 3894 . 021 -. 05 57 . 10 2 
16 1652R 40 3403 .011 -.10 56.57 2 11 16878 -3 4413 - . 004 . 29 58 . 03 2 
11 16530 0 3960 .058 .10 57.51 2 15 16883 26 3394 - . 036 . 48 58 . 04 2 

11 16537 1 3711 .OOA .04 5R.76 4 16 1689A 49 2898 - . 058 . 46 56 . 96 2 
12 16541 R 3743 .044 -.20 58 . 15 3 12 16899 5 3987 . 024 . 28 57-11 2 
11 16547 4 3791 .041 .01 57.48 2 13 16901 16 3677 . 014 . 17 57 . 52 2 
18 16553 76 694 -.018 -.15 58.10 2 17 16908 56 2164 . 023 . 23 58 . 12 2 
13 16567 15 3511 . 011 .59 56.57 2 16 16909 47 2720 - . 073 . 13 57 . 56 2 

15 16584 27 3053 - . 025 .25 58 . 49 2 15 16911 38 3362 - . 014 -. 18 58 . 04 2 
15 16587 25 3581 .038 -.72 58.04 2 15 16925 25 3683 - . 007 . os 58 . 03 2 
15 16597 36 3202 - . 034 .26 57.56 2 11 16930 - 1 3613 . 013 -. 28 57 . 03 2 
13 16600 18 3747 .023 .72 58.03 2 11 16937 2 3751 . 010 . 88 57 . 05 2 
16 16605 43 3025 . 023 . 24 SR . SR 2 17 16947 62 1670 . 004 . 68 57 . 53 2 

15 1660A 33 3156 -.]OR -.33 5R . 04 2 11 16950 1 3R51 . 003 . 6A 56 . 61 2 
lR 16610 72 R52 -.039 - . 18 58 . 05 2 lR 16954 88 114 - 1 . 657 • 11 58 . 63 2 
12 16611 14 3596 -.097 . 32 5R . 03 2 17 16960 58 lA 51 -. 031 . 14 57 . 57 2 
16 16630 46 2519 - . 046 - . 38 57 . 01 2 12 16980 8 3950 -. 024 -. 55 57 . 10 2 
17 16634 59 1908 - . 011 .16 56.97 2 lR 16984 70 1039 -. 108 . 06 57 . 58 2 

17 16641 57 1R90 - . 015 .R5 57.04 2 15 16986 37 3315 -. 043 . 69 56 . 96 2 
12 16646 7 3799 - . 001 . 21 57 . 52 2 18 17017 80 604 -. 057 - . 12 58 . 54 2 
14 16647 24 3489 . 048 - . 03 58 . 05 2 16 17019 39 3630 -. 052 -. 39 57 . 14 2 
17 16661 53 2113 . 008 .os 57 . 08 2 17 17024 54 2080 -. 020 -. 34 57 . 06 2 
11 16663 0 3q93 .013 .oo 57 . 49 2 17 17040 52 2336 . 060 . 17 58 . 04 2 

18 16674 74 789 - . 062 • 61 57 . 50 2 16 17080 46 2627 -. ()25 • 14 57 . 0R 2 
14 16681 20 3905 . 008 -.36 57 . 43 2 11 17095 2 3801 . 035 -. 31 56 . 67 2 
1 l ]66A6 -1 3,;51 • 015 .74 ,;o . 73 4 16 17097 4A 2R37 -. 012 . R9 57 . 58 2 
15 16690 29 3326 - . 008 -.47 58 . 58 2 15 17100 32 3335 -. 032 . 21 57 . 05 2 
15 16694 31 3344 - . 050 .so 58 . 03 2 17 17102 64 1330 . 017 -. 24 56 . 96 2 

12 16695 ,; 3934 . 044 - . 04 58 . 50 2 14 17112 22 3613 . 046 -. 02 57 . 57 2 
16 16709 49 2849 . 001 -1 . 11 57 . 58 2 16 17113 40 3613 . 035 -. 58 57 . 08 2 
11 16713 1 3764 . 02R -.42 59.03 2 17 17122 58 1873 -. 007 -. 09 59 . 02 2 
12 16737 11 3599 -.OOR .32 57 . 03 2 12 17124 7 3988 -. 018 . 15 57 . 58 2 
12 16742 9 3R66 -.02R . 67 'iR . 70 4 15 17132 29 3506 -. 049 • 46 SR . 56 2 

A 16744 75 6RO .020 - . 24 ,;7.06 2 11 17133 -4 4719 . 075 . 16 58 . 54 4 
1 5 16745 30 3294 .025 . 44 57.03 2 14 1 7145 21 3695 . 016 . 40 58 . 56 2 
16 ]6749 43 3072 .004 .65 'iA . 06 2 17 17147 66 1172 . 079 . 07 57 . 11 2 
12 16758 6 3943 .011 .21 57 . 59 2 11 17153 0 3679 . 043 . 15 57 . 58 2 
15 16760 2R 3086 -.132 .31 59 . 53 3 12 17154 8 4007 . 001 -. 21 57 . 12 2 

17 16763 6S 1293 .050 -.18 58.04 2 15 17158 34 3468 . 038 1 . 16 58 . 14 2 
14 16772 20 3941 -.006 -.31 59.75 4 16 17169 41 3271 . 031 . OR 57 . 61 2 
15 16775 32 3220 .047 .06 56.94 2 17 17172 69 1036 - . 029 1 . 06 58 . 57 2 

6 16797 4'i 7.770 -.036 -.65 57.50 2 16 17183 49 2965 -. 013 -. 09 57 . 87 4 
17 16R04 SR 1837 -.021 .39 SR.56 2 15 17184 36 3466 - . 023 . 26 58 . 56 2 

16 16All 4? 3174 .005 1.91 'i7 . 03 2 17 17189 52 2376 . 002 . 56 5R . 60 2 
1 1 16814 -1 35R2 .034 .27 59.6A 5 lR 17190 73 854 . 044 . 64 58 . 05 2 
17 16R21 51 743R -.02 3 .57 <;A. 05 2 13 17192 14 3849 . 019 . 37 57 . 59 2 
15 16850 3,; 3388 -.005 -.41 56.97 2 7 17202 67 1132 - . 036 . 72 57 . 11 2 
12 16853 9 3911 .015 .34 59.03 2 17 17204 65 1334 - . 014 . 26 SR . 14 2 
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OBSERVED-AGK2 
1 

OBSERVED-AGK2 

Zone Star 
1 

B.D. No . t!,.(1. t!,. ~ 1 Epoch 1 No.li Zone 1 
Star 

1 

B . D. No . 
1 

t!,. (1. 

1 

,H 1 Epoch 1 No. 

12 17207 12 3867 -.004 .33 57.59 2 17 17628 64 1377 -.138 .25 57. 07 2 
14 17209 20 4095 .047 . 0 4 58.12 2 11 17632 -3 4696 .010 1.37 57.15 2 
11 17221 -1 3702 .037 -1.09 57.60 2 R 17633 70 1085 .025 • 08 58.05 2 
17 17223 63 1504 .032 .35 5R.14 2 17 17650 68 1078 -.090 -.50 58.56 2 
15 1723, 3, 3403 .033 -.44 59.47 2 17 17656 55 2257 .038 .39 57.66 2 

17 17240 5R 1891 -.018 .91 57.56 2 15 17659 24 3872 .025 .10 57.51 2 
lR 17242 R4 437 -.705 .os 5R.02 2 15 17660 ,5 3791 -.011 -.54 57.06 2 
17 17248 49 2976 -.030 .27 5 7 .12 2 15 17665 37 360 0 .043 .18 57.12 2 
12 17254 5 4115 .057 -.08 58.12 2 16 17669 45 2971 -.080 -.74 58.06 2 
16 17268 43 3215 -.064 .54 57. 06 2 17 17681 58 1981 .025 -.17 58.06 2 

11 17287 3 3990 .009 .17 57.61 2 15 17686 28 3478 -.005 -.54 58.59 2 
15 17289 39 3740 -.051 .49 57.66 2 12 17688 9 4264 .008 .98 5 8. 13 2 
17 17304 62 1704 .017 -.67 57.56 2 11 17701 -4 4926 -.032 1.38 57.15 2 
16 17307 4R 2R90 -.031 .32 57.11 2 13 17708 14 4053 .009 .26 57.61 2 
13 1730R 15 3796 .011 1.20 5R.06 2 12 17711 6 4323 .025 .64 57.66 2 

12 17310 11 3R26 .092 .69 58.49 2 17 17713 61 1912 .053 -.01 59.02 2 
17 17313 56 2238 .055 .36 58.57 2 18 17714 72 911 -.013 .24 57.06 2 
15 17324 28 3319 -.159 -1.30 58.60 2 15 17718 32 3587 .033 .70 58.06 2 
16 17338 43 3231 -.036 -.98 57.61 2 16 17727 44 3265 -.032 -.07 57. 11 2 
17 17339 60 1943 -.109 .55 59.02 2 16 17731 48 2959 .003 .06 57.97 2 

15 17350 35 3614 -.034 -.02 58.05 2 11 17743 -2 5136 .017 .15 57.69 2 
18 17357 72 891 -.067 .04 58.04 2 17 17751 50 2904 -.060 1.16 58.04 2 
11 17369 1 4004 .018 -.35 58.12 2 15 17752 25 4006 .035 -.11 57.60 2 
18 17374 77 730 -.16 7 -.60 58.06 2 17 17757 68 1084 .031 .33 58.80 4 
15 17378 32 3441 .010 .01 57.15 2 17 17762 65 1409 -.008 -.71 58.56 2 

17 17383 52 2431 -.018 -.71 59.03 2 12 17769 11 4035 -.017 .50 59.03 2 
16 17389 47 2837 -.056 .68 58.55 2 15 17773 35 3850 .002 .03 58.15 2 
18 17405 79 629 -.191 .16 58.58 2 16 17787 48 2979 -.002 -.37 57.15 2 
14 17416 20 4167 -.004 • 01 57.67 2 13 17793 15 3985 -.018 .10 58.14 2 
15 17422 31 3631 .018 -.07 57.65 2 18 17801 78 694 -.097 .13 58.13 2 

12 17433 13 4039 .027 .44 58.06 2 17 17808 60 2046 -.034 .51 57.06 2 
17 17453 63 1534 -.036 -.34 58.04 2 18 17812 82 598 -.068 -.19 58.06 2 
17 17461 69 1052 -.288 .35 57.15 2 17 17815 62 1769 -.021 .07 57.59 2 
14 17474 24 3780 .038 -.51 57.52 2 11 17816 -1 3864 -.031 .41 58.94 2 
18 17480 74 828 .137 .35 57.58 2 13 17818 16 4073 .069 .44 57.61 2 

13 17486 19 4066 .049 .72 57.67 2 17 17831 53 2328 -.025 -.11 57.67 2 
12 17487 14 3965 -.030 1.00 59. 0 3 2 14 17832 21 3987 -.053 -.15 58.58 2 
17 17491 62 1730 .066 .94 57.59 2 11 17839 -3 4757 .078 -.24 58.14 2 
16 17498 44 3179 .035 -.57 57.60 2 15 17850 36 3794 .014 -.19 58.14 2 
11 17505 -4 4855 -.005 .35 57.60 2 17 17851 55 2291 -.096 -.71 58.05 2 

15 17524 27 3446 .028 .45 57.60 2 6 17853 45 3022 -.060 .10 58.05 2 
12 17529 12 3995 .019 .06 5R.07 2 15 17855 25 4050 -.005 -1.72 57.03 2 
11 17540 0 4266 .034 -.22 58.50 2 15 17877 34 3832 .001 .oz 57.59 2 
16 17542 42 3403 .005 -.05 57.12 2 18 17888 69 1085 .034 1.45 57.58 2 
11 17545 2 3950 .028 -.08 58.06 2 15 17891 29 3857 -.017 -.93 58.05 2 

12 17552 ln 4006 .011 .36 57.66 2 16 17R95 43 3453 -.032 -.83 56.57 2 
17 17554 5R 194R -.031 -.43 57 .11 2 16 17897 42 3563 -.025 .17 5R.55 4 
15 17570 34 3655 .0,2 -.96 57.06 2 13 17900 17 4197 .069 -.06 5R.15 2 
17 17593 50 2R44 -.048 -.05 57. 11 2 11 17902 -3 4771 -. 0 19 -.54 57.7 0 2 
11 17627 4 4210 .005 1.51 57.11 2 14 1790 3 2 0 4389 -. 0 23 -.14 5 R • 14 2 
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OBSERVED-AGK2 
1 

OB SE R V E D - A GK 2 

Zone Star 
1 

B.D. No. t:J.a ,H 1 Epoch 1 No.,1 Zone 1 
Star 

1 

B.D. No. 
1 

t:J.a 
1 

t:J.cl 1 Epoch 1 No. 

15 17906 34 3R46 -.013 1. ·:io 57.73 2 14 18333 24 4145 . 040 -. 61 57 . 16 2 
11 17907 -1 3885 -.031 .01 58.15 2 17 18336 67 1252 - . 099 . 89 58 . 04 2 
18 17909 71 991 -.069 -.15 5R.06 2 11 183'38 -1 3988 . 042 -. 23 58 . 04 2 
17 17911 61 1961 .011 .28 59.04 2 16 18358 40 4211 . 006 . 80 57 . 67 2 
13 17915 18 4366 -.059 .59 58.59 2 13 18365 15 4185 . 025 . 39 58 . 84 4 

15 17926 37 3744 -.029 2.12 57.56 2 11 18368 1 4309 . 077 . 92 58 . 14 2 
5 17945 25 4093 -.031 -.os 57.61 2 12 18383 9 4570 . 031 -. 09 57 . 95 3 

18 17967 85 340 -.500 .57 58 . 59 2 11 18390 0 45'36 . 085 . 42 59 . 57 4 
18 17972 87 187 1 • 641 .17 58 . 18 2 12 18398 14 4343 -. 012 . 81 58 . 50 2 
13 17973 16 4145 -.037 -.65 56.57 2 15 18402 38 4149 . 040 -. 67 58 . 64 4 

18 17990 7, 898 - . 129 -.19 57 . 58 2 12 18409 10 4325 . 051 -. 40 58 . 22 2 
4 17991 22 '3936 • 0'19 .,1 "7 . 61 2 4 18410 24 4165 -. 010 - • 'l'l 58 . 25 'l 

12 17996 9 4414 .010 . 2, 57.11 2 12 18416 6 4580 . 018 . 24 57 . 56 2 
16 18009 45 3066 -.038 -1.78 57.10 2 16 18417 49 3317 -. 005 . 34 57 . 60 2 

6 18025 42 3613 .OlR - . 06 57.95 3 11 18429 1 4327 . 017 1 . 16 58 . 06 2 

12 1A040 8 4%9 .0,1 - • 1 0 57 . 60 2 11 18436 - 1 4015 -. 008 . 27 58 . 05 2 
12 18043 5 4441 .011 . 55 58.34 4 14 18437 21 4285 -. 019 -. 78 57 . 69 2 
16 1R059 46 2870 . 003 . 83 57.67 2 15 18448 39 4254 -. 043 . oo 58 . 12 2 
12 18060 10 4205 -.035 -.28 58 . 12 2 15 18453 '34 4098 . 057 . 26 58 . 05 2 
l'3 18064 14 4223 .023 .69 58.13 2 15 18459 25 4308 -. 027 -. 26 58 . 14 2 

13 18065 19 4'322 -.011 .51 57.68 2 15 18460 32 3886 -. 029 - . 73 58 . 89 4 
13 18074 17 4257 -.034 • 18 58 . 59 2 17 18462 63 1640 . 060 . 24 57 . 59 2 
1 5 1A075 27 3652 - . 028 • 2 1 58.15 2 15 18480 27 3820 - . 042 -1 . 02 57 . 10 2 
11 18079 0 3949 .018 - . 08 58 . 14 2 17 18482 60 2145 -. 026 . 10 58 . 89 3 
14 lA089 20 4488 . 011 -.17 58 . 10 2 17 18505 58 2156 . 083 -. 09 57 . 12 2 

11 18091 2 4121 .090 • 34 58 . 14 2 12 18514 11 4355 . 013 . 64 57 . 21 2 
16 18113 4'3 3541 -.014 .,2 57 . 67 2 15 18519 37 4026 . 030 - . 41 57 . 14 2 
17 1Rl20 56 2382 -.063 .78 58 . 59 2 12 18520 9 4616 .013 - . 50 57 . 59 2 
18 18126 74 853 -.050 .11 58.13 2 6 18539 43 3695 . 039 - . 10 57 . 60 2 
18 18140 72 945 -.032 .23 57 . 67 2 18 18541 72 962 -. 039 - . 02 57 . 09 2 

12 18149 9 4476 .025 .67 57 . 57 2 15 18550 26 3970 . 038 - 1 . 60 58 . 58 2 
17 18163 61 1996 -.087 .53 57.14 2 15 18552 32 3913 . 013 . 66 57 . 05 2 
11 18167 -4 5090 -.038 .12 57 . 66 2 15 18570 31 4210 . 022 - 1 . 21 57 . 24 2 
18 18182 77 770 - • 1 73 -.42 57 . 12 2 14 18575 22 4176 . 001 - . 02 57 . 61 2 
15 18197 3'l 3864 .008 -.95 58.05 2 15 18578 30 4169 . 010 - . 66 56 . 61 2 

14 lA201 21 4167 .010 • 9'l 57.06 2 13 18593 15 4256 . 001 - . 07 58 . 14 2 
17 18214 51 2848 -.028 .30 57.58 3 17 18609 59 2285 . 019 . 18 58 . 60 2 

4 18218 21 4179 .071 -.55 57.05 2 15 18610 28 3888 • 032 -2 . 13 57 . 60 2 
11 18237 -1 3971 .012 -.30 58.05 2 11 18613 0 4589 . 011 . 36 57 . 22 2 
15 18240 33 3885 -.078 -.33 57.59 2 11 18621 4 4552 . 048 - . 26 58 . 21 2 

11 18247 -1 3976 .041 -1.27 58.13 2 16 18624 41 3897 - . 054 - . 03 57 . 66 2 
15 lA255 25 4226 -.020 -.65 57.56 2 11 18636 1 4374 . 061 . 55 57 . 61 2 
12 18271 14 4293 .221 .96 57.56 2 12 18641 11 4397 . 010 . oo 57 . 14 2 
18 18277 75 739 -.047 .51 57.63 3 17 18646 50 3209 -. 028 . 06 57 . 20 2 
17 18278 60 2125 -.022 .26 58.04 2 14 18669 22 4223 . 050 - . 62 57 . 59 2 

11 lR2AO 1 4289 .076 .os 57.59 2 11 18683 0 4121 .005 . 38 58 . 13 2 
17 1A291 5'l 2405 .043 -.21 57.10 2 11 18690 0 4610 . 062 .43 57 . 60 2 
12 1A319 9 4546 .ORO .22 57.59 2 12 18702 10 4403 . 001 - . 10 57 . 05 2 
14 18321 1 21 4225 .050 -1.28 58.58 2 17 18714 53 2514 -. 077 . oo 58 . 87 4 
11 18328 -4 5153 -.028 .19 57.66 2 14 1 8719 19 4564 - . 042 - 1 . 20 57 . 12 2 
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OBSERVED-AGK2 
1 

OBSERVED -AGK2 

Zone Star 
1 

B.D. No. 11 (J. 11 ~ 1 Epoch INo., Zone 1 Star 

1 

B . D. No. 
1 

11 (J. 

1 

11 ~ 1 Epoch 1 No. 

11 18720 2 4275 .028 .48 57.14 2 12 19032 10 4500 .003 -.42 57 .5 9 2 
17 18731 69 1136 -.013 .95 57.12 2 12 19044 11 4528 .020 .2 0 57.67 2 
17 18738 59 2296 .019 -.35 56.65 2 11 19047 -4 5404 .056 -.18 57 .7 0 2 
11 18752 -3 5076 -.060 -.48 58.58 2 18 19058 74 912 -.132 .25 57 . 20 2 
14 18754 22 4248 -.044 -.97 58.88 4 13 19062 17 4546 -.045 -.24 57.23 2 

15 18762 32 3999 -.021 -.62 57.20 2 13 19067 15 4388 .034 -.11 57.68 2 
12 18769 5 4659 -.00 5 el 7 58.91 4 17 19078 67 1303 -.092 .29 57.67 2 
17 18774 50 3236 .014 .13 58.60 2 12 19085 12 4600 .075 .50 58.58 2 
16 18776 40 4373 -.011 .36 58.13 2 16 19087 49 3501 -.007 -.09 58.21 2 
11 18782 -2 5421 .0 02 -1.97 57.59 2 11 19088 -2 5507 -.014 .69 57.61 2 

17 18785 67 1279 -.037 -.32 57.09 2 12 19089 5 4759 .034 1.08 58.22 2 
14 18802 24 4299 .0 07 .24 57.66 2 15 19097 36 4520 -.032 -. 09 57.67 2 
11 18803 -3 5092 .005 -.34 58.05 2 14 19109 20 4894 -.169 .54 58.15 2 
18 18809 85 359 -.11 0 .40 57.59 2 18 19115 81 735 -.613 .10 57.57 2 
11 18816 0 4148 .052 -.21 57.15 2 6 19116 41 4109 -.028 -. 09 57.14 2 

17 18819 51 2982 .ooo -.37 58.05 2 4 19122 23 4296 .030 -1.13 57.16 2 
18 18821 73 922 -.051 1.52 57.56 2 17 19124 58 2255 -.078 -.25 57.68 2 
15 18823 36 4375 .026 .60 56.69 2 13 19126 19 4692 .005 .44 57.20 2 
l'i 1RA25 17 4492 -.006 • 11 58.07 3 12 19128 7 4671 -.015 -.13 5A.14 2 
16 18828 49 3440 .120 .96 58.57 2 17 19134 63 1720 -.032 .17 58.12 2 

15 18840 ZR 3970 .060 .05 58.60 2 15 19139 38 4472 .070 .26 58.93 3 
11 18859 2 4296 .055 .53 56.70 2 12 19148 13 4694 . 010 -.78 58.13 2 
lA 18864 70 115A .055 .19 57.66 2 12 19164 9 4A05 .009 1.25 57.64 3 
11 18869 -4 5355 .066 -.53 57.60 2 16 19171 45 3531 -.024 .12 57.24 2 
16 18870 41 3993 -.028 1.15 5A. l'i 2 17 19172 54 2536 -.159 .R4 57.60 2 

13 18877 16 4454 -.003 .43 58.13 2 16 19185 42 4098 .019 -.93 57.24 2 
16 18886 46 3174 -.OR4 .46 58.15 2 18 1919 0 75 788 -.048 .34 57.08 2 
15 18890 27 3970 -.150 -.7A 57.69 2 17 19192 55 2587 .01 0 -.19 58.07 2 
15 18892 25 4463 .077 -.36 56.61 2 14 19202 23 4317 -.005 .41 57.66 2 
12 18903 A 4616 .023 -.02 58. 9"l 4 16 19217 41 4153 -.048 .41 59.19 2 

17 1A914 54 2476 .006 -.91 58.13 2 15 19232 38 4509 -.048 -.17 57.66 2 
12 18917 12 4553 .029 .16 57.60 2 11 19240 -2 5551 .025 . os 57.20 2 
15 18934 3A 4%2 -.026 .18 57.15 2 15 19247 29 4426 .021 . oo 58. 11 2 
15 18951 36 4447 -.103 -.41 58.15 2 14 19258 22 4411 -.078 . 03 57.61 2 
15 18953 25 4477 .034 .27 57.67 2 1A 19260 77 823 .044 .78 5A.13 2 

12 18962 A 4627 .031 -.52 57.15 2 16 19270 49 3544 .03 0 -.14 57.68 2 
14 18964 22 4331 -.043 .43 58.05 2 18 19276 72 991 .010 . 02 58.20 2 
15 18971 35 4431 .047 . 0 4 57.15 2 17 19285 56 2590 -.1 09 -.16 57.12 2 
15 18974 39 4479 -.047 -1. 04 57.59 2 11 19294 0 4238 .007 . 61 58.39 4 
15 18976 32 4088 -.083 .47 58.22 2 15 19295 26 4197 . 032 -.24 57.65 2 

11 18980 -1 4123 -.001 .37 57.68 2 15 19313 38 4539 -.034 .39 58.13 2 
17 18981 63 1703 -.071 -.57 57.17 2 15 19323 30 4479 .018 -.60 57.60 2 
15 18986 27 4007 -.014 -1.28 59.19 2 12 19325 5 4A24 . 048 -.06 57 .1 5 2 
12 18989 5 4733 .011 • 61 58.14 2 12 19348 14 4647 .114 .0 2 58.13 2 
11 18993 -"l 5155 -.020 • 8 "l 58.21 2 14 19349 21 4587 . 014 -.09 57.60 2 

11 19002 4 4631 .052 . 09 57.15 2 17 19351 50 3382 .103 -.54 57.24 2 
12 19008 13 4647 -.007 -.01 58.65 2 11 19361 -4 5503 -.076 -.06 58.65 2 
14 19009 21 4501 -.002 .22 57.66 2 12 19362 13 4751 -.025 -.19 57 .73 2 
12 19014 7 4650 .045 -.OR 57.6A 2 15 19%4 27 4122 . 012 . 10 58.92 4 
11 19019 0 4189 .064 .26 57.60 2 15 19373 35 4600 -.046 .02 57.21 2 
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OBSERVED-AGK2 OBSERVE D-AGK2 

Zone I Star B.D. No. B.D. No. 1 Epoch I No. 

16 10374 44 3R92 -.027 .21 5 7 . 5R 2 17 19699 64 1613 . 013 . 26 56 . 69 2 
11 19376 1 451R . ORO .41 58.89 4 11 19717 -1 4236 . 035 - 1 .1 2 56 . 66 2 
17 19381 61 1759 . ooo -.04 57 . 24 2 1A 19750 73 957 -.060 1 . 58 57 . 11 2 
n l91RR 16 4575 . 025 1 .?6 5R . 15 2 15 19754 29 4573 -. 009 -. 07 56 . 69 2 
13 10402 lR 4R37 . 052 .96 57.66 2 15 19756 31 4617 -.036 .1 0 56 . 63 2 

16 19406 46 3407 . 035 .4R 57 . 09 2 14 19757 20 5074 -. 082 . 01 57 . 66 2 
15 19410 ,] 1,c:;29 -.016 .42 'o 7. 21 2 11 19761 - 2 56R9 -.012 -. 06 57 . 21 2 
14 19412 20 4991 . 012 -1.20 5R . 13 2 17 1976'i 61 2243 -. 016 . 6R 57 . 67 2 
18 19414 70 1192 -. 066 -. 04 5R.12 2 12 19770 5 4947 . 053 . 35 57 . 23 2 
15 19415 32 4232 -.125 -.32 57.70 2 12 19771 6 4957 . 092 . 99 57 . 98 3 

12 19417 R 4720 .016 - . 40 57 . 24 2 11 19774 - 3 5375 -. 062 -. so 58 .1 9 -, 

12 19434 10 460R -.07R -.10 57 . 66 3 14 19800 24 4537 . 075 -.83 56.69 2 
14 19439 23 4181 -.068 -.53 57.58 2 15 19804 38 4689 -. 037 . 85 57.21 2 
17 10443 6R 1244 .01 9 -.35 5R.57 2 11 19806 3 4665 -.003 -.41 57 . 90 4 
16 10449 42 4195 . 041 .09 57.59 2 11 19810 0 4310 . osa . 54 58.20 2 

11 19453 - 3 5296 -.oos - . 21 57 . 70 2 11 19823 0 4829 . 012 . 26 59.00 3 
11 19455 0 4776 .061 . 37 57 . 21 2 17 19R25 67 1405 . 030 . 51 57 .11 2 
14 19467 21 4614 . 030 .66 57.73 2 14 19832 20 5090 • 018 1.25 56 . 69 2 
11 19477 3 4613 . 017 -.04 58 . 65 2 17 19849 59 2477 . 016 .1 9 57 . 20 2 
11 194R3 18 4R61 -. 013 .26 57.75 2 17 19875 54 2702 -. 034 . 47 58.58 2 

18 19487 73 945 - . 136 .74 58.62 3 11 19881 0 4322 . 090 .2 1 57.25 2 
7 19496 69 1197 -.131 • 00 58.15 2 16 19888 41 4420 . 062 . 84 57.24 2 

16 19498 45 3680 -.054 . 74 57.0R 2 17 19902 56 2736 . 023 .14 58.20 2 
18 19501 75 801 -.054 . 21 58 . 59 2 13 19906 17 4714 . 041 . 61 57.66 2 
17 19507 57 2402 . lOR -.36 59 . 09 2 18 19909 79 728 -.1 34 -. 24 57 .1 9 2 

13 1950R 16 4607 . 042 -.61 58 . 65 2 15 19916 35 4746 -.051 . 34 58 . 30 3 
16 19510 41 4277 . 043 .30 58.67 2 14 19917 20 5106 -.036 -.5 2 58.12 2 
18 19513 80 706 -.061 . 04 58 . 60 2 17 19918 66 1490 . 014 . 85 57 . 67 2 
12 19514 7 4752 -.0 05 -.42 58 . 65 2 13 19932 15 4604 -. 022 .1 4 57 . 25 2 
11 19516 4 4753 - . 020 1. 1 1 58.14 2 15 19939 31 4668 -.014 . 29 57 . 58 2 

14 19542 22 4493 .02 0 -.34 57 . 17 2 17 19941 50 3637 -.053 -.02 57 . 11 2 
11 19547 -1 4212 . 043 .72 59.14 4 11 19949 4 4837 . 037 .7 6 58 . 13 2 
15 19548 31 4562 -.105 -.91 57.73 2 16 19963 49 3805 -.229 -1.17 57 . 67 2 
12 19550 13 4797 .022 -.14 57.24 2 12 19968 9 5019 -.033 . 85 58 . 26 2 
16 19555 47 3584 -.011 .5 0 58.12 2 12 19969 7 4842 -. 010 -. 56 58 . 30 3 

17 19560 50 3465 . 005 • 61 58.60 2 16 19973 41 4456 -. 047 -.39 58 . 58 2 
12 19562 12 4705 .03 3 - 0 2R 58.59 2 13 19978 14 4772 . 032 -.42 56 . 70 2 
18 19570 77 836 -.116 . 04 58.20 2 16 19989 46 3661 -. 065 . 26 58 . 33 2 
15 19576 35 4664 -.006 -.78 58.14 2 12 19992 10 4731 . 054 .4 1 57 . 75 2 
11 19586 3 4630 . 072 -.06 58.13 2 14 20003 22 4618 . 032 - • 18 58 . 66 2 

12 19593 R 4760 -.028 .Hl 5R 0 15 2 18 20010 72 1029 . 029 . 14 56 . 66 2 
11 19597 -4 5570 -.071 -.40 59.06 2 16 20023 43 4178 -. 056 . 05 58 . 80 2 
17 19606 68 1258 . 072 .39 57.73 2 11 20025 -4 5663 - . 125 -.15 SR . 61 2 
15 1961, 30 455R • 061 .29 5R. l'>, 2 13 ?003R 16 4724 -. 029 . 25 5R . 10 2 
17 19619 .,.,, 2740 . 089 1.64 5R.12 2 14 20045 21 4745 . 004 . 64 5R . 20 2 

12 19611 11 469'i • 017 -. "19 'i6. 69 2 17 2004 7 66 1503 . 032 - • 16 57 . 67 2 
16 19641 4'i 3740 -.054 .43 57 . 68 2 15 20061 14 4674 -. 073 -.33 5R . 13 2 
17 10648 40 3692 . OOR -.21 57.24 2 12 20062 9 5040 . 016 .40 5R . 31 2 
1 1 19686 0 4807 . 054 - • 19 58.69 3 15 20064 .,, 1 4689 . 041 1 . 09 58 . 15 2 
1 1 19689 2 4457 .1 03 . 38 56.66 2 12 2006R 10 4744 . 002 - . 31 58 . 28 2 
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OBSERVED-AGK2 
1 

OBSERVED - AGK2 

Zone I Star 
1 

B . D. No. Aa 
1 

A6 1 Epoch 1 No.,, Zone 1 
Star 

1 

B.D. No. 
1 

Aa 
1 

A6 1 Epoch 1 No. 

17 20072 62 2074 .106 .54 57.14 2 lR 20369 81 788 -.205 .41 57.58 2 
12 20075 12 4820 -.004 .60 58.20 2 11 20373 -1 4346 .054 .14 57.24 2 
17 20082 51 2874 -.042 .49 5 7. 12 2 12 20376 10 4815 -.007 .06 58.59 2 
11 20085 -1 4294 .035 .27 57.21 2 15 20380 26 4499 -.007 .42 58.21 2 
11 20102 0 4R76 .045 .59 57.70 2 15 203Rl 37 4686 -.026 .98 5R.30 3 

17 20107 64 1665 .022 .05 58.21 2 lR 20387 73 994 .030 .40 57.67 2 
11 20109 2 4508 .05R .26 58.13 2 14 20389 21 4828 -.049 -.88 5R.19 2 
14 20112 24 4593 -.019 -.18 59.06 2 11 20408 0 4926 .063 1.41 57.68 2 
16 20117 46 3711 -.030 -.40 58.14 2 12 20428 7 4932 -.003 .06 58.59 2 
16 20120 47 3809 .043 .11 58.15 2 16 20438 41 4618 -.008 -1.18 57.20 2 

1 1 ?0126 -, 5452 -.017 .02 57.21 2 12 20442 12 4894 .047 -.72 57.69 2 
12 20129 4 4860 -.005 .76 58.70 4 4 20443 19 5012 .001 .54 57.67 2 
16 20134 44 4147 .011 .53 58.27 2 15 20448 24 4673 .047 -.28 57.75 2 
16 20137 45 3958 .017 -1.04 58.35 2 17 20462 65 181 7 -.018 .19 57.12 2 
18 20141 75 832 -.097 .73 59.24 2 15 20478 39 4953 -.021 -.17 57.20 2 

11 2014R 1 4716 -.065 , .. 09 59.25 2 11 20480 -3 5521 .012 .78 57.10 3 
n 20149 17 475R .022 1.16 58.66 2 17 20486 49 3959 -.105 -.23 5R 0 22 2 
12 20152 7 4Rfl"j -.011 -.06 59.26 2 15 2048R 26 4524 -.021 -.21 57.76 2 
13 20154 14 4811 .003 .23 57.68 2 11 20495 1 4662 .013 -.zo 57.24 2 
15 20157 38 4787 -.056 .24 58.30 3 11 20500 0 4432 .001 -.52 56.70 2 

14 20169 20 5180 -.041 .38 58.60 2 11 20502 -1 4355 .042 -1.00 58.89 4 
11 20170 0 4892 .002 .oz 57.66 2 14 20504 21 4850 .029 .33 58.60 2 

7 20182 65 1780 .074 .49 58.15 2 12 20509 10 4844 .056 -.03 57.75 2 
14 20186 24 460R .002 -.09 56.70 2 12 20512 6 5083 -.042 -.75 57.66 2 
16 20192 42 4441 .002 1.19 57.75 2 18 20520 84 516 .388 .07 57.73 2 

12 20194 A 4892 .067 -.71 58.26 2 18 20521 78 813 -.008 -.05 57.66 2 
12 20201 12 4843 • 00?. .32 5A.66 2 13 20529 18 5069 .041 -.31 58.,0 2 
17 20214 57 2562 .012 -.31 58.76 2 18 20544 71 1173 .008 .55 51.20 2 
15 20217 30 4744 -.050 -.29 57.69 2 15 20548 25 4848 -.021 -.40 57.24 2 
12 20219 9 5068 .032 .89 57.60 2 14 20550 23 4640 .016 -.43 58.01 3 

12 20225 4 4880 .016 • 68 58.22 2 13 20552 16 4842 .056 .60 58.22 2 
16 20240 47 3856 .024 1.00 58.43 4 15 20553 31 4816 -.002 1.09 57.67 2 
11 20241 1 4634 -.005 -.52 57.25 2 15 20555 36 4970 -.055 -.33 58.59 2 
16 20256 43 4255 .045 .55 57.59 2 15 20556 38 4903 .091 .53 58.66 2 
17 20264 67 1454 .047 .41 5R • 71 2 11 20569 -1 4364 .102 .82 57.6R 2 

14 20270 20 5195 -.006 1.16 58.14 2 17 20571 49 4003 -.050 .06 58.35 2 
11 20273 -, 5482 -.044 .86 58.59 2 15 20573 26 4539 .010 -1.23 58.30 2 
11 20280 -1 4336 -.001 .54 57.69 2 16 20581 40 4958 -.033 -.52 58.30 3 
15 20284 33 4556 .001 .09 57.68 2 16 20584 43 4359 -.008 -.08 57.75 2 
15 20291 30 4761 -.025 .33 56.70 2 15 20585 24 4694 -.061 -.90 58.03 3 

18 2029R 86 335 -.609 -.12 57.67 2 18 20591 73 1001 .127 -.66 58.13 2 
12 20315 11 4859 -.014 .35 58,92 4 15 20594 34 4817 -,128 -1,29 57,68 2 
12 20316 9 5090 .016 ,19 56,67 2 16 20596 47 4007 -,021 .01 57.24 2 
12 20322 7 4913 -.002 .20 57.69 2 17 20603 54 2895 -.065 1.03 57.67 2 
11 20323 0 4911 .085 -.25 57.68 2 11 20606 0 4955 .036 -.14 58.22 2 

11 20333 4 4896 .034 .29 58.29 3 12 20612 13 5041 -.005 .10 58.20 2 
13 20338 15 4695 .030 -.10 58.21 2 16 20613 44 4307 .010 .12 57.66 2 
15 20344 39 4916 -.114 .70 57.60 2 11 20615 -3 5553 -.038 .oo 57.20 2 
14 20356 20 5217 .026 1.38 58.20 2 18 20620 75 867 .020 .16 58.70 4 
12 20362 12 4880 -.009 .46 57.66 2 15 20626 28 4506 -.009 -.31 58.22 2 
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OBSERVED-AGK2 
1 

OBSERVE D- AGK2 

Zone Star 
1 

B.D. No. aa 
1 

aô 1 Epoch jNo.,,Zonej Star 

1 

B.D. No. 
1 

aa 
1 

aô 1 Epoch INo. 

12 20630 6 5107 -.002 .65 5R . 76 2 15 20955 34 4916 . 099 -.54 58 . 75 2 
17 20631 63 1917 -.160 , 01 57.76 3 14 20964 22 4829 . 038 . 65 57 , 68 2 
15 20635 26 4555 . 026 -.21 58.22 2 12 20965 6 5153 . 020 -. 25 58 . 20 2 
16 20638 41 4668 . 015 .37 58 . 22 2 17 20966 55 2956 . 015 -. 61 57 . 28 2 
17 20646 52 3360 . 025 .3 3 58.13 2 13 20968 14 4990 . 048 -.15 58 .7 2 2 

12 20657 5 5128 . 002 .37 57.67 2 15 20973 25 4934 -.149 . 60 58 . 22 2 
13 20660 16 4865 .0 04 .55 58.15 2 17 20981 52 3446 -. 044 . 28 58 . 31 3 
12 20672 R 4993 -.009 -.63 56.70 2 12 20984 8 5061 -. 004 . 58 58 . 32 2 

7 20675 6R 1353 -.1 83 .26 57 .59 2 17 20991 54 2975 -.027 1 . 26 58 . 21 2 
15 20677 37 4765 . ORl 1 . 82 58.35 3 18 20996 79 781 . 144 -.01 58 . 68 2 

13 20684 17 486R .041 -.93 58.70 4 16 21001 43 4462 -.057 . 46 57 . 67 2 
17 20692 5R 2547 .1 06 - . 41 57.73 2 15 21002 29 4930 -. 013 -.05 58 . 24 2 
15 20694 29 4R6'3 -. 007 -.50 57 . 29 2 15 21003 36 5069 -.011 -. 62 58 . 86 2 

6 20704 40 5001 -.023 .44 5R . 25 2 11 21013 - 3 5644 -. OOR -.73 5R . 74 2 
15 20712 26 4569 . oo, -1.26 57 . 25 2 12 21015 5 5176 . 033 -. 16 57 . 74 2 

12 20717 7 49RO . 059 .29 57.74 4 14 210,1 22 4R46 . 010 . 27 5R . 15 2 
15 20720 25 4R85 - . 091 .12 5R.6R 2 14 21038 23 4752 . 062 -.82 58 . 22 2 
11 20721 17 4R74 .0 01 -.,8 5R.67 , 15 21039 '34 4938 • 042 -.30 5R . 15 2 
11 20723 1 4687 . 087 .97 58.15 2 16 21041 44 4430 . 064 -. 32 57 . 68 2 
17 20725 62 2173 -. 065 -.21 58.18 2 12 21056 8 5072 . 081 . 16 56 .76 2 

14 20729 21 4683 . ooo .42 58 . 22 2 16 21062 48 4082 -.006 -. 30 57 . 22 2 
4 20746 20 5285 . 056 . 57 57 . 22 2 17 21063 58 2607 . 031 -.32 58 . 23 2 

16 2074R 44 4'342 -.014 . 09 57.22 2 11 21099 -1 4456 . 056 -.05 58 . 15 3 
13 20751 16 4R84 -.0 06 -.09 58.70 4 17 21116 66 1619 . 059 . 19 5R . 07 3 
11 20757 -3 5584 . 021 • 11 57 . 25 2 6 21126 46 4089 -. 002 -. 83 58 . 76 4 

15 20764 31 4867 . 097 , 08 57.75 2 12 21130 6 5174 . 003 -.51 57 .70 2 
12 20767 5 5146 .02, -.,6 59 . 10 5 14 21138 20 5357 -.018 -. 12 5R , 48 4 
11 2077, 0 4481 . 016 .76 57 .22 2 15 21141 14 4966 . 024 -, OR 58 , 2R 2 
11 20777 l 4695 .05R 1. 1 7 58 , 1, 2 15 21142 17 4R72 -. 021 , 61 57 , 68 2 
11 20778 0 4978 -. 016 .20 57 . 7'3 2 17 21147 55 2990 • 003 59 . 44 57 . 75 2 

17 20780 52 3391 , 032 .4 3 57 . 24 2 3 21150 18 5180 . 020 . 24 58 . 69 2 
17 20781 66 1596 • 1 ,o ,40 58 . 29 2 15 21151 36 5087 . 047 -. 24 58 . 85 2 
18 20795 71 1190 - . 049 -.11 58.72 3 17 21154 68 1384 -. 067 -.19 58 .7 2 3 
11 20801 -1 4409 , 076 .17 58 . 35 2 17 21163 64 1835 .001 . 01 58 . 74 2 
15 20829 3R 4965 -.032 ,72 57 .2 2 2 12 21171 7 5066 . 026 -. 12 5R . 68 2 

17 20831 40 4078 -.0,8 -,05 57.13 2 17 21174 53 ,201 -.054 . 59 58 . 22 2 
11 20840 0 4984 . 053 -. 04 57.39 3 13 21175 16 4959 -. 002 . 36 58 . 35 2 
11 20R44 1 4847 . 051 -.20 58 .68 2 17 21177 60 2598 . 024 -.11 58 . 30 2 
12 20857 8 5039 . 053 -.05 57 . 24 2 11 2118R 4 5036 . 037 . 27 57 . 74 2 
17 20867 58 2572 . 056 .25 58.15 2 13 21190 17 4957 -.02 8 . 28 5R . 69 2 

15 20868 32 4621 -.075 1.66 58.27 2 11 21195 2 4701 -. 027 • 11 58 . 76 4 
12 20899 13 5096 . 052 -.11 57 .2 2 2 11 21200 - 3 568R -. 006 -.34 5R , 21 2 
11 20902 1 4714 -.008 -.20 57,23 2 12 21217 11 5044 -.014 -. 04 57 . 70 2 
15 20903 37 4R20 . 010 ,28 57.68 2 5 21223 37 4881 -.044 - . 16 57 . 76 3 
12 2090fl 12 4974 -.027 .17 5R .1 4 2 lR 21240 84 536 -.624 .21 57 . 22 2 

IR 20921 74 1018 . 049 • 11 57.19 2 17 2124, 59 2762 -.057 ,24 57 . 70 2 
17 20930 50 4025 -.030 . 21 58 .1 5 2 14 21244 21 4977 . 070 . 42 58 . 79 2 
11 20935 -4 5879 • 03, -,07 57 . 20 2 16 21247 41 4853 -. 090 -.41 5R . 30 2 
17 20937 51 3598 -.021 -.21 57 .4 0 3 17 21248 61 2510 . 073 . 43 57.68 2 
13 20954 18 5147 .032 .1 3 57 .7 0 2 15 21254 28 4630 .02 3 , 16 57,08 3 
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OBSERVED-AGK2 
1 

OBSERVED -AGK2 

Zone Star 
1 

B.D. No . ô. a ô. ~ 1 Epoch 1 No . ,, Zone 1 
Star 

1 

B.D. No. 

1 

Il.a 

1 

ô. ~ 1 Epoch 1 No. 

13 21255 15 4880 . 024 . os 58 . 69 2 11 21480 0 4603 .024 -.02 57.22 2 
12 21256 6 5197 . 072 - . 46 57 . 28 2 18 21489 71 1246 -.167 .72 57.22 2 
15 21267 31 4965 . 071 .oo 57.28 2 14 21495 20 5419 .052 -.43 58.22 2 
l"l 21276 lA 5209 . 081 - . 38 57 . 75 2 
11 21278 0 4566 . 030 - . 13 57.68 2 

15 21280 % 5117 . 056 • 0 l 58 . 2A 2 
n 2]282 16 498, - . oo, . 74 <;8.71 .,, 
1s ?1 ;>A, ?7 461 o . 02? -.'i6 <;7.76 2 
l l 21291 -4 595'3 - • 03, .89 'i8.15 2 
16 21294 4'i 4"125 -.057 . 34 59.80 2 

11 21296 -1 4489 . 011 - . 41 58 . 35 2 
11 21298 1 4895 . 033 . 49 59.34 2 
12 21301 7 5086 . 052 - . 39 57 . 75 2 
12 2130"1 14 5058 . 056 . 23 57 . 29 2 
15 21306 29 5002 - .016 . 27 57 . 76 2 

16 21307 41 4869 - . 075 . o, 59 . 34 2 
14 21315 20 5375 . 039 . 39 59.23 4 
12 21317 9 5283 . 042 . 83 59 . 79 4 
17 ?]110 67 1 "64 • o, l . 90 'i8 . 22 2 
12 21328 12 5027 . 045 l . l"I 5 8 • 35 2 

17 21330 66 1648 - . 284 - . 29 'i7.22 2 
17 21331 62 ?"110 . 011 . 10 'i8. 30 2 
16 21335 40 5161 . 043 . 76 57 . 24 2 

4 21340 22 4914 . 035 . 59 57 . 76 2 
17 21341 58 2660 - . 021 - . 23 58 . 22 2 

11 21343 -4 5965 - . 025 1 . 03 58 . 15 2 
15 21344 26 4707 - . 010 - . 99 58.85 2 
13 21355 19 5164 - . 056 1 . 39 58 . 21 2 
15 21357 28 4655 - . 036 -1.16 59 . 09 4 
11 21376 0 4'i8l - . 022 . 40 'i7 0 68 2 

12 21380 11 5072 -.039 . 59 58.08 3 
17 21389 'i4 3066 . 029 . 71 57 . 76 2 
11 21390 -2 6059 . 047 .39 5A.24 2 
13 21"391 17 5002 .025 .38 58.24 2 
15 21400 "17 4903 - . 14 7 -.01 58 • 75 2 

16 2]420 4i; 4,67 . OOR 0 48 <;8. 22 2 
1 J 21422 -1 4i;o4 -.oo, -.,o 'i7. 24 2 
1 l ;,14;,, 1 4AQ4 . 040 • 11 <;A 0 74 1 
13 214"14 17 5013 .047 .29 57.79 2 
14 21435 19 5176 -.011 .36 57.76 2 

15 21439 31 5007 -.033 -.65 58.23 2 
15 21445 38 5103 .054 -.87 57.23 2 
15 21450 "30 5066 -.195 .30 58.15 2 
] .,, ?1454 1 c; 4916 - . oo, • 2 c; S8.2<; 2 
11 ?14'i7 .,_ 4012 .• 024 • 6" t;A 0 87 2 

16 ?146? 40 c;zo;, • 01, -.16 'iA 0 74 2 
] 7 ?1467 6? ?,4"1 .097 • 1 l <;A• 27 2 
12 21469 10 5018 .019 .73 58.86 2 
15 21472 35 5149 -.111 .20 58. 08 3 
11 21475 l 4Al4 .010 .24 'i7.24 2 





Part III 

CORRECTIONS TO THE 930 FK3 STARS 

The differences are in the form observed minus FK3 Revised. 

The mean epoch and the number of observations in each co-ordinate are given. 

The observations at lower culmination are listed separately at the end. 
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OBSERVED - FK3R Il OBSE RVED - FK3R 

FK4 No. ~a Epoch No. 1 ~6 
1 

Epoch 1 No. ,kK4 No. 1 ~a 
1 

Epoch l No. j ~6 
1 

Epoch 
1 

No. 

1002 .004 60.03 4 -.24 60.03 4 1037 . 001 57 . 47 10 . 18 57 . 52 9 
1 -.019 59.89 4 -.04 59 . 89 4 46 -.032 58 . 24 4 -.05 58 . 24 4 
2 .014 59.90 6 .43 59.90 6 48 . 021 60 . 01 5 . 24 60.01 5 
4 -.003 57.94 6 .2 6 57 . 94 6 1039 -.004 60 . 59 4 -.28 60 . 59 4 
7 -.008 59.00 6 -.01 59.00 6 1040 . 003 57 . 67 8 . 19 57 . 77 7 

1004 .ooo 59. 26 6 -.03 59 .26 6 1042 . 024 58 . 61 8 -.01 58 . 61 8 
1005 -.004 58.76 5 -.1 8 58 . 76 5 50 . 011 58 . 79 9 -.16 58 . 79 9 
1006 -.011 59.30 5 . os 59 . 30 5 1045 -. 026 59 . 02 5 -. 02 59 . 02 5 

9 . 009 60.58 5 -.31 60.58 5 1046 -. 003 58.48 12 . 02 58 . 55 11 
1008 -.012 57.75 5 -.12 57.75 5 51 . 024 58 . 53 4 -. 04 58 . 53 4 

1009 -.008 59.02 7 • 15 59.02 7 52 . 00 7 59 . 58 4 .1 5 59 . 58 4 
1010 -.009 58.96 14 - . 01 58.96 14 55 . 060 57 . 04 4 • 11 57 . 04 4 
1011 . 006 59 .48 6 -.25 59.41 5 56 -. 011 58 . 86 9 . 02 58 . 87 8 
1012 .015 59.60 6 . 14 59.60 6 1047 . 006 58 . 79 6 .1 6 58 . 79 6 

13 -.005 59.00 14 -. 04 59.10 12 1049 -. 007 58 . 75 6 -.1 8 58 . 75 6 

16 . 033 5R.65 n . 11 58.65 13 57 . 001 59 .S 8 5 .1 2 59 . 05 4 
17 . 006 58.69 7 .17 58.69 7 60 -. 00 1 58 . 49 9 . 0 7 58 .7 1 8 
lR -.024 5R.R5 5 . 30 58.85 5 1050 . 016 58.17 6 -. 10 58 . 17 6 
19 -.008 5R.34 6 . 19 58.34 6 1051 . 009 59 . 19 8 . 07 59 . 02 9 
20 -. 048 5q.25 7 -. OR 59 . 32 6 907 . 444 58 . 66 8 . 33 58 . 65 7 

21 . 012 57.97 6 . 32 57 . 97 6 1052 -. 017 58 . 31 4 . 16 58.31 4 
25 -.006 58 . 52 5 . 09 58 . 56 6 62 -. 001 58 . 62 4 . 05 58.88 5 
24 . 021 58.33 8 . 04 58.33 R 64 . 027 59 . 62 5 -.37 59.62 5 
27 -.014 59 . 80 6 -. 12 59 .8 0 6 63 . 064 58 . 71 6 . oo 58.71 6 

1019 . 012 58.42 8 • 21 58 . 42 8 65 . 005 57 . 63 5 -.06 57.65 6 

28 . ooo 57.76 5 -.18 57.76 5 66 -. 013 59 . 26 5 -. 25 59.26 5 
1020 -.007 59.76 5 .14 59 . 76 5 1054 -. 017 59 . 78 6 -.1 0 59 . 78 6 
1021 -.011 58.47 4 . 07 58 .47 4 7 0 . 022 58 . 23 5 -.1 2 58 . 23 5 

30 . 003 58.56 6 -.21 58.56 6 73 -.033 59 . 68 6 -. 05 59 . 68 6 
29 .024 60 . 14 6 -.02 60 .4 0 5 74 . 021 58 . 05 5 -. 03 58 . 05 5 

1022 -. 016 SR . 51 13 -.24 58.44 13 75 -. 001 58 . 61 4 -. 39 58 . 61 4 
32 .050 59.JO 4 . 03 59.10 4 1056 . 014 59 . 8R 5 -. 35 59 . 88 5 
33 -.026 59.74 4 . 06 59 .74 4 1635 -.152 58 . 31 9 . 33 58 . 3 1 9 

1021 -.010 58.36 4 . 28 58 .36 4 77 -. 0 47 59 . 03 4 . 66 59 . 03 4 
1024 -.012 58 . 51 6 . 19 58 . 51 6 1057 -. 010 59 . 80 4 . 27 59 . 41 3 

36 . 003 58.77 6 -.23 59 .1 6 5 1058 . 0 18 59 . 01 4 .1 8 59 . 01 4 
37 .008 59.00 7 -.06 59 . 02 6 76 . 113 59 . 90 4 -.01 59 . 90 4 

906 -. 131 59.05 10 . 18 59 . 09 9 1059 . 022 58 . 83 5 -.11 58 . 83 5 
1028 .023 59 . 96 5 . 02 59 .78 4 79 -. 001 59 . 58 4 -. 19 59.58 4 
1030 .039 59 . 1 7 5 -.05 59 .17 5 80 -. 018 59 . 06 6 - .1 2 59 . 06 6 

40 . 008 60 . 51 4 -. 45 60 .42 3 81 . 014 59 . 39 4 -.27 59 . 39 4 
42 .008 58 . 5 7 4 -.17 58 . 57 4 1061 -. 007 58 . 63 5 -.11 58 . 63 5 
41 . 042 SR• 48 11 -.02 58 .48 11 1063 -. 026 58.46 7 -. 07 58 . 46 7 

1032 . 005 59.22 5 . 20 59 . 22 5 1068 . 021 59 . 95 6 -.16 59 . 95 6 
43 -.029 60 . 75 5 -.12 60 .7 5 5 85 . ooo 58 . 96 12 . 10 58 . 96 12 

1033 -.001 5R.R2 11 -.07 59 . 02 10 1069 . 028 57 . 87 5 -. 01 57 . 87 5 
1034 .018 5R . 1 <; 14 • 12 5R . 15 n 1070 -. 010 59.24 5 -.28 59 . 24 5 

45 -.003 59 . 04 9 -.33 59 . 11 7 87 . 054 60.07 4 .14 60 . 81 3 
103"' .009 58.18 R -.29 5R . 03 9 1072 . 022 59.22 6 . 26 59 . 27 5 

47 -.013 60 . 25 5 -.24 60 . 25 5 1073 . 007 59 . 28 5 . 33 59 . 28 5 
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OBSERVED - FK3R Il OBSERVED - FK3R 

FK4 No. Aa Epoch No. 1 A~ 
1 

Epoch 1 No .11 FK4 No. 1 Aa 
1 

Epoch 1 No., AIS 
1 

Epoch 1 No. 

1074 . 023 59. 10 4 .34 59.10 4 1104 . 014 58.89 6 -.21 58.89 6 
89 .0 07 59.20 6 .38 58 .87 5 139 -.012 59.60 4 -.15 59 .6 0 4 
91 .005 59. 07 13 . oo 59.07 13 138 -.045 58.94 4 -.16 58.94 4 
92 .071 58.94 5 . 07 58.94 5 142 .02 0 60.70 4 .15 60.70 4 
94 .019 59.51 4 -.21 59.51 4 1105 -.008 60.66 4 .23 60.32 5 

93 -.015 59.79 5 .17 59.72 4 1106 -.014 59.27 4 .09 59.27 4 
1077 -.029 59.86 4 • 11 59.66 5 1107 -.013 58.39 6 .19 58.73 6 

98 -.010 58.25 8 .23 58.45 7 144 .012 60.16 4 .15 60.16 4 
99 -.0 06 57.75 7 .33 57.90 6 147 .009 58.94 4 .21 58.94 4 

100 . 00 1 58.98 7 -.17 58.98 7 148 -.001 58.77 5 -.16 58. 77 5 

1079 -.0 0 2 58.25 4 -.13 58.25 4 150 -.008 59.47 4 -.09 59.47 4 
103 -.011 58.70 7 .23 58.70 7 1111 .001 59.54 10 -. 05 59.54 10 
104 .002 58.34 5 .05 5 8. 4-5 4 151 .005 59.65 7 -.17 59.65 7 

1080 -.017 58.44 5 -.06 58.44 5 1112 .ooo 59.15 6 -.10 59.15 6 
1081 .002 59. 1 7 4 .29 59.17 4 1113 .007 59.00 5 .05 59.00 5 

1082 -.008 59.55 4 -.42 59.55 4 152 -.003 59.25 6 .24 59.33 7 
1083 . 00 1 58. 77 11 .14 58.77 11 1115 -.001 58.72 7 -.27 58.72 7 

105 .021 58. 77 12 .04 59.24 11 1116 -.012 58.89 5 -.20 58.89 5 
107 -.010 60.13 5 -.17 60.13 5 154 .015 58.95 11 -.12 59.14 10 
108 -.029 60. 11 4 -.12 60. 11 4 1117 -.011 59.67 4 .07 59.67 4 

109 -.0 04 60.13 5 -.23 60.13 5 1118 -.003 58.47 10 .04 58.47 10 
111 -. 01 7 59.23 9 .43 59.39 8 159 -.016 59.99 5 -.20 59.99 5 
112 -. 025 59.57 7 -.1 0 59.57 7 158 -.012 59.48 5 .01 59.48 5 

1088 -. 006 58. 08 6 -.25 58.22 7 908 -.234 59.40 10 .02 59.40 10 
114 . 01 7 59.46 6 -.19 59.46 6 162 -.004 59.96 4 -.02 59.96 4 

116 .ooo 5R.95 12 -.07 58.95 12 1120 .001 59.03 6 -.31 59.03 6 
1089 -.005 59.70 6 .os 59.84 5 1122 .047 59.33 5 -.32 59.33 5 
1091 .007 58.16 5 -.24 58.31 6 164 . 055 59.67 4 .50 59.67 4 

115 .028 59.47 13 .18 59.47 13 1123 -. 004 58.52 11 -.18 58 .52 11 
1093 . 012 59.86 5 .21 59.86 5 165 -. 023 58.98 6 .22 59.39 5 

1094 .007 58.97 5 -.14 58.97 5 1124 -.024 59.08 4 . 06 59.08 4 
1636 -.363 58.75 12 .14 58.75 12 1125 -. 003 60.25 4 • 10 60.25 4 
1096 .020 59.92 4 -.43 59.92 4 168 .011 60.24 4 .61 60.24 4 

12 0 -.013 60.53 4 .13 60.53 4 169 -.019 59.14 9 -.21 59 .14 9 
121 .007 60.62 4 .05 60.62 4 1126 -. 009 58.09 7 -.43 58.30 6 

123 -.015 59.59 6 -.10 59.59 6 174 . 003 58.69 4 . 33 58 . 69 4 
122 -.001 58.85 'i .52 58.85 5 1128 -.015 57.94 4 . 24 57.94 4 
124 -. 014 59. 0, 5 .11 59.03 5 1131 . 017 60.13 6 . oo 60.1, 6 
125 -.006 59.67 4 -. 26 59.67 4 173 -.037 60.07 9 .1 0 60.07 9 

1097 -.008 59.19 11 -.14 59.19 11 176 .0 03 59.57 5 . oo 59.57 5 

1098 .007 58.55 3 .39 58.55 3 175 . 008 59.30 5 -.05 59.30 5 
127 -.006 60.25 8 -. 04 60.25 8 1133 -.0 23 59.15 4 . 37 59.15 4 

1101 -. 002 58.84 1, -.15 58.86 14 1134 .007 60 .6 0 5 .16 60.60 5 
1103 -. 003 59.33 5 -.42 59.33 5 1135 .0 07 60.00 4 -. 1 7 60.00 4 

129 .03 0 58.68 7 .1 0 58.68 7 179 . 024 59.46 4 .04 59.46 4 

131 .0 06 59.44 4 .1 9 59.44 4 178 -. 022 58 .72 8 -.27 5R .82 7 
13 5 .0 23 59.92 5 -.19 59.58 6 1136 . 011 59 .74 5 -. 07 59.74 5 
134 -. 029 60.03 5 .47 59.86 4 180 . 015 59 .3 0 5 . 31 59.30 5 
136 . 029 60.47 5 . 09 60 .47 5 181 -.014 58 . 50 5 .1 4 58.50 5 
1"17 -. 005 59.6"3 6 -. 27 59 . 63 6 183 -.011 59 .6 8 4 . 32 59 . 68 4 
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OBSERVED - FK3R Il OBSER V ED - FK3R 

FK4 No. ~ (X Epoch No. 1 ~a 1 Epoch I No. li FK4 No. 1 ~(X l Epoch l No. j ~a 1 Epoch l No. 

182 -.006 58.33 6 -.18 58.33 6 237 .ooo 58 . 57 6 - . 03 58 . 57 6 
1137 .ooo 59.76 6 .10 59.93 5 1170 -.005 58 . 99 19 . 17 58 . 90 20 

1R4 -.017 60.25 5 -.23 60.78 4 241 - . 008 59 . 21 5 . 32 59 . 21 5 
1140 -.008 60.52 5 .38 60.52 5 244 -. 018 58 . 74 6 - . 09 58 . 74 6 

1~5 -.040 5R.27 5 -.10 58.27 5 242 - . 003 60 . 44 4 . 42 60 . 44 4 

18R .003 59.43 7 -.15 59.43 7 1171 -. 009 59 . 54 6 . 17 59 . 26 5 
1142 -.006 58.26 10 -.05 58.26 10 1172 . 002 59 . 94 4 . 17 59 . 94 4 
1141 -.035 58 0 88 4 .35 58.88 4 246 - . 011 58 . 02 13 - . 15 5R . 02 13 

190 .020 5R • R''l 6 .17 58.R3 6 1173 . 010 58 . 91 5 . 28 58 . 91 5 
192 -.002 58.50 9 .07 58.50 9 1174 -. 009 59 . 30 6 . 04 59 . 30 6 

194 -.007 60.26 8 -.30 60.13 8 1175 . 003 58 . 47 5 -. 14 58 . 37 4 
193 -.036 60.40 4 -.03 60.40 4 247 . 007 58 . 72 8 . 01 58 . 72 8 

1637 -.329 58.25 6 .33 58 . 10 7 251 -. 006 58 . 72 6 . 14 58 . 72 6 
191 .028 58.75 8 -.04 58.75 8 250 -. 011 58 . 25 6 . oo 58 . 06 5 
195 -.001 60.56 5 .16 60.56 5 248 -. 020 59 . 02 14 -. 16 59 . 02 14 

1145 .025 60.98 4 .38 60.98 4 254 . 004 57 . 84 9 . 27 57 . 84 9 
1147 - . OOR 5R.91 9 .31 58 . 91 q 256 -. 004 58 . 10 6 . 31 5R . 10 6 

201 .012 59. 00 4 .25 59.00 4 255 -. 037 58 . 81 5 . 29 58 . 81 5 
202 - . 004 60.18 5 -.13 59.51 6 1177 - . 003 59 . 14 15 -. 02 59 . 14 15 

1148 -.010 57.96 4 -.09 57 . 96 4 1176 -. 008 58 . 37 4 - . 03 58 . 37 4 

203 .020 59.06 7 -.18 59 . 06 7 258 . 003 58 . 76 8 . 04 58 . 76 8 
1150 .005 58.27 6 .15 58.27 6 1179 . 004 57 . 61 10 - . 38 57 . 61 10 

206 .011 59.08 6 -.46 59.21 7 259 . 055 58 . 29 6 - . 02 58 . 29 6 
1151 .ooo 59. 1 7 6 . 06 59.17 6 261 - . 003 59 . 58 6 . 27 59 . 58 6 

208 .010 57.88 10 .03 57.88 10 266 - . 012 58 . 05 11 . 12 58 . 13 10 

209 .001 59.80 4 .08 59.80 4 260 . 018 59 . 63 13 . 21 59 . 58 12 
205 .099 58. 72 8 .26 58 . 72 8 1181 . 010 59 . 35 16 -. 03 59 . 39 14 
210 .009 59.72 5 - • 16 59.72 5 11 R 2 -. 018 57 . 92 7 . 39 57 . 92 7 
211 .ooo 58.64 6 - . 18 58 . 64 6 269 . 003 58 . 95 12 . 03 58 . 90 10 
216 -.022 58.35 9 .29 58.35 9 1185 . 009 58 . 82 16 - . 01 58 . 80 15 

218 -.006 59.30 6 -.24 59.39 5 1186 . 002 58 . 31 11 -. 09 58 . 31 11 
220 -.010 60.73 8 .03 60.73 8 274 - . 010 58 . 98 5 . os 58 . 98 5 

1638 -.145 59.50 6 .11 59. 50 6 1187 - . 003 58 . 73 15 - . 08 58 . 63 14 
1155 -.004 58.29 6 -.03 58.29 6 1188 -. 002 59 . 52 5 - . 18 59 . 52 5 

221 .002 5R.78 fl -.04 58. 77 7 1190 . 005 58 . 58 7 -. 21 58 . 51 8 

1158 -.005 60.72 4 .os 60.72 4 276 . 006 58 . 78 8 -. 20 58 . 78 8 
1157 -.004 58.81 4 .29 58.81 4 277 . 002 59 . 61 8 - . 21 59 . 70 7 

224 .002 59 • 2 5 4 .os 59.25 4 279 . 003 58.00 8 . 04 58 . 00 8 
225 .006 60.27 4 .20 60.27 4 909 - . 450 58 . 75 9 - . 21 58 . 75 9 
227 -.006 59.79 4 -.09 59.79 4 280 . 002 59 . 03 11 . 12 58 . 80 9 

1161 -.023 58.73 15 .18 58.89 17 1191 . 008 58 . 45 6 .24 58 . 45 6 
1162 -.038 58.74 4 -.04 58.74 4 282 . 017 58 . 59 4 . 58 58 . 59 4 
1163 -.014 58.78 6 .01 58.78 6 28 5 . 007 59.51 4 - . 22 59 . 51 4 

230 .002 58.92 21 .09 59.01 22 284 . 042 58 . 64 4 - . 12 58 . 64 4 
232 .001 5R.74 10 .05 58.74 10 286 . 017 57 . 81 4 . 32 57 . 81 4 

231 .002 5R.97 15 -. 14 58.97 15 1191 - . 007 5R . 61 19 -. 16 58 . 61 19 
ll6R -.008 59.9R 4 .01 59. 98 4 287 . 003 58 . 78 6 . 42 59.09 5 
1167 -. 026 60 • 12 4 • 3 () 60.32 4 1196 . 005 59 . 51 5 - . 01 59 . 51 5 

234 .030 59.71 4 .09 59.71 4 1195 - . 011 59 . 52 6 - . 19 59 . 52 6 
1169 -.001 57.15 10 • 1 7 57.15 10 289 . 001 58 . 56 18 . 07 58 . 56 18 
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O BSERVED - FK 3 R 
Il OBSE R VED - F K3R 

FK4 No. Aa. Epoch No. 1 Ao 1 Epoch I No. JI FK4 No . 1 Aa. 
1 

Epoch 1 No., Ao 
1 

Epoch 
1 

No. 

291 -. 053 59 . 38 5 -. 04 59 . 38 5 339 . 009 59 . 95 5 . 03 59 . 95 5 
292 - . 014 57. 84 6 -. 07 57. 84 6 338 . 017 59 . 19 6 . os 59 . 19 6 
293 -. 003 57 . 81 11 -. 04 57 . 76 10 1235 . ooo 58 . 87 11 -. 16 58 . 87 11 
294 . ooo 57 . 20 7 -. 10 57 . 20 7 341 . 038 60 . 46 4 -. 1 1 60 . 55 5 
295 . 014 59 . 42 5 -. 3 1 59 . 42 5 340 . 003 60 . 36 5 -. 09 60 . 36 5 

1200 -. 021 58 . 01 5 -. 17 58 . 0 1 5 1236 . 005 58 . 59 8 . 15 58 . 59 8 
1199 -. 0 1 2 57 • 77 5 . 01 57 .77 5 1237 . 014 5 7. 23 5 . 22 57 . 23 5 
1201 -. 01 1 5R0 82 12 -. 32 58 .78 11 1238 . 017 57. 89 9 -. 15 57 . 89 9 
2% -. 001 58 0 79 6 -. 14 58 0 "38 5 1640 • 023 5R 0 11 8 . 10 5R 0 24 7 

1205 . 010 59 . 27 2 7 -. 12 59 . 26 ZR 12"39 -. 013 59 . 87 3 . 4 4 59 . 87 3 

1207 -. 008 58 . 88 7 . 14 58 . 8 2 6 12 4 0 -. 006 59. 62 5 . 23 59 . 96 4 
299 . 009 58 . 1 5 13 . 10 58 .1 5 1, 34 6 -. 008 58 . 41 13 -. 2 1 58 . 4 1 13 

1208 . 004 58 . 65 8 -.12 58 . 6-5 8 34 7 -. 010 59 . 62 1 0 . 20 59 . 62 10 
300 . 05 1 59 . 15 9 -. 13 59 .1 3 8 350 . 001 58 . 88 12 .1 5 58 . 88 12 

1209 -. 0 1 9 59 . 1 7 6 . 18 59 . 17 6 352 -. 003 58 . 33 8 - . 36 58 . 33 8 

304 -. 006 5R. 28 12 . os 58 . 28 12 124 4 . 007 58 . 73 9 -. 21 58 . 73 9 
302 . 0 58 58 . 3 1 7 . 13 58 . 3 1 7 1 245 . 003 58 . 65 19 . 05 58 . 65 1 9 

12 11 -. 003 5R. 9 7 6 . 06 58 . 9 7 6 35 4 . 009 58 . 13 10 . 20 58 . 33 9 
12 B -. 012 5R • .?6 11 . 02 58 .1 7 n 355 . 034 57. 71 9 -. 1 4 57 . 71 9 

305 -. 004 58 0 83 6 . 23 58 . 83 6 124 6 . 026 56 . 39 6 - . 11 56 . 39 6 

307 -. 009 59 . 89 6 .2 2 59 . 89 6 3 5 8 . 013 58 . 97 5 - . 10 58 . 9 7 5 
1639 -. 077 57 . 95 14 . os 57 . 95 14 357 . 052 60 . 21 4 -. 03 60 . 2 1 4 
12 14 . 035 60 . 21 5 -.11 60 . 21 5 910 . 002 59 . 01 14 -. 25 58 . 913 13 
1 2 1 5 . 046 59 . 68 6 -. 28 59 . 57 5 360 . 025 57 . 56 8 - . 04 57 . 56 8 

3 10 . 058 58 . 78 19 -. 14 58 . 65 18 1249 . 003 57 . 79 17 . 02 57. 79 1 7 

3 1 2 . ooo 60 .17 7 -. 03 60 . 17 7 1 250 -. 004 58 . 51 14 - . 09 58 . 51 14 
12 16 -. 005 58 . 55 11 . 0 1 58 . 55 11 363 . 021 57 . 52 7 • 'l l 57 . 52 7 
12 1R -. 005 58 . 32 10 . 13 58 . 63 12 365 . ooo 57 . 39 7 -. 06 57. 39 7 
1217 -. 003 58 . 12 6 -. 13 58 . 50 5 1 251 . 0 1 9 57 . 45 9 . 34 57 . 45 9 

3 1 4 -. 018 5 8 . 83 11 . 14 58 . 83 11 1252 . 028 58 . 93 7 - . 10 58 . 93 7 

1 220 . 005 58 . 39 9 . 09 58 . 39 9 36 7 . 008 57. 82 7 -. 04 57. 82 7 
3 16 . 011 58.36 11 . os 58 . 36 1 1 1 253 -. 003 58 . 07 7 -. 03 58 . 07 7 

1222 . 018 58 .40 6 . 23 58 . 40 6 1255 -. 007 57 . 97 12 . 27 57 . 97 12 
3 17 . 021 58 . 88 13 -. 10 58 . 85 12 368 . 032 58 . 09 7 -. 10 58 . 09 7 
3 20 -. 002 58 . 83 6 . 12 58 . 83 6 370 . 010 58 . 84 15 . 10 58 . 84 15 

32 1 -. 00 4 60 . 0l 6 -. 23 60 . 0l 6 37 1 -. 012 59 . 05 6 . 14 59 . 05 6 
322 . 030 58 . 48 8 . 01 58 . 48 8 1257 . 003 58 . 41 17 - . 11 58 . 36 16 

122'1 . ooo 57 . 62 12 . 22 57 . 56 11 372 . 029 58 . 68 9 . 01 58 . 73 10 
323 -. 006 59 . 40 5 -. 4 2 59 . 96 4 374 . on 59 . 08 7 . 16 59 . 08 7 

1224 . 005 59 . 117 12 -. 10 59 . 93 1 1 37 6 . ooo 58 . 40 15 -. 01 58 . 40 15 

1225 . 021 59 . 05 6 . 37 59 . 05 6 378 . 001 58 . 88 15 -. 13 58 . 88 15 
325 . 005 58 . 53 9 . 03 58 . 47 11 1258 -. 007 57 . 93 8 . oo 57 . 93 8 

1228 -. 010 58 . 30 12 . 09 58 . 30 12 1259 . 001 58 . 40 14 . 19 58 . 40 14 
326 . 010 58 . 92 7 -. 09 58 . 92 7 379 . 014 58 . 07 7 . 16 58 . 07 7 
328 . 012 57 . 99 4 . 20 57 . 99 4 380 -. 009 58 . 63 8 -. 12 58 . 63 8 

1230 -. 005 58 . 21 9 -. 06 58 . 21 9 381 -. 011 59 . 84 7 - . 12 59 . 84 7 
334 - . 027 60 . 08 8 - . 15 60 . 08 8 384 . ooo 58 . 45 5 . 28 58 . 45 5 
337 -. 018 58 . o, 11 . 04 5R . 03 11 383 -. 004 56 . 71 6 . 19 56.71 6 
335 -. 014 60 . 04 6 . 10 60 . 19 5 1262 . 035 58 . 64 5 . 03 58 . 64 5 

1232 . 004 59 . 42 5 - . 01 59 . 42 5 1263 . 014 57 . 57 6 - . 06 57 . 81 7 
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OBSERVED - FK3R Il OBSERVED - FK3R 

FK4 No. A <X Epoch No. 1 A~ 1 Epoch I No. JI FK4 No. 1 A <X 

1 
Epoch 1 No. , A ~ 

1 
Epoch 

1 
No. 

1266 .002 57.87 13 .01 57.76 12 1299 .011 58 . 05 11 -. 21 57 . 52 10 
386 .001 59.66 5 -.02 59.76 4 437 . 011 57 . 32 8 - . 30 57 . 32 8 

1267 -.029 58.64 5 -.08 58.64 5 1300 - . 012 58 . 34 10 . 11 58 . 34 10 
387 .032 58.23 9 -.46 58.23 9 440 . 052 5 7 • 78 11 -.03 57 . 82 10 
388 .ooo 59.11 13 -.01 59.11 13 1302 - . 004 58 . 16 19 - . 19 58 . 16 19 

390 -.019 58.24 6 .01 58.24 6 441 - . 002 58 . 41 8 . 17 58 . 41 8 
911 -.075 58.37 18 .02 58.37 18 1303 . 002 58 . 56 7 . 18 58 . 56 7 

1270 .013 57.20 5 • 18 57.20 5 1304 . 006 57 . 29 9 . 03 57 . 29 9 
1271 .003 59.50 4 .47 59.50 4 444 -.013 58 . 83 6 - . 19 58 . 83 6 

394 .037 59.24 4 .30 59.24 4 445 . 001 59 . 46 6 - . 13 59 . 46 6 

1272 -.002 59.46 4 -.03 59.46 4 1306 - . 017 57 . 25 14 -. 13 57 . 25 14 
396 .003 59.50 5 -.21 59.50 5 1307 . 011 57 . 69 5 - . 13 57 . 69 5 
395 .058 58.23 4 .31 58.23 4 447 . 013 58 . 17 5 -. 22 58 . 17 5 
398 -.004 59.10 7 -.05 58.91 6 1308 -. 006 58 . 28 4 . 06 58 . 28 4 

1274 -.009 58.61 15 • 11 58.46 16 1310 - . 020 58 . 66 7 - . 02 58 . 39 6 

1275 .003 58.79 7 -. 15 58.79 7 1311 - . 005 57 . 31 16 - . 01 57 . 31 16 
404 -.001 58.65 23 -.06 58.67 22 450 . ooo 57 . 77 7 -. 41 57 . 77 7 
403 -.007 59.37 8 - . 29 59.37 8 1642 -. 169 57 . 80 8 - . 02 57 . 80 8 

1276 .012 58.27 6 -.01 58.27 6 451 - . 060 58 . 65 8 . 25 59 . 00 7 
405 .015 58.26 5 -.19 58.26 5 1313 .010 57 . 18 8 - . 05 57 . 17 7 

407 .019 58.84 5 -.24 58.84 5 454 . 024 58 . 32 14 - . 07 58 . 31 13 
1278 .009 59. 11 13 .17 59.35 12 1314 .003 57 . 76 13 -.11 57 . 76 13 
1279 -.004 59. 20 6 -.03 59.20 6 456 . 002 59 . 08 4 . 15 58 . 94 5 

409 -.005 58 • 42 16 -.20 58.42 15 458 -. 004 59 . 14 5 . 20 59 . 14 5 
1281 .012 58.54 7 -.19 58.54 7 1315 . 015 58 . 82 6 - . 23 58 . 33 5 

412 -.001 58.41 8 .05 58.41 8 460 - . 010 57 . 49 5 - . 42 57 . 49 5 
413 .020 58.09 9 .19 58.09 9 1316 .004 58 . 59 4 . 01 58 . 59 4 

1282 -.006 58.89 6 -.14 58.89 6 1317 - . 008 58 . 59 7 -. 07 58 . 59 7 
1284 .017 58.48 11 -.23 58.29 10 1318 - . 002 58 . 19 9 -. 04 58 . 19 9 

416 -.020 5A.R9 5 .09 5R.R9 5 461 . 001 57 . 92 15 . 19 57 . 92 15 

1285 .005 5R.75 10 .18 58.71 9 466 . 005 57 . 81 8 . 18 57 . 81 8 
417 -.017 59.44 6 -.26 59.60 6 467 .020 58 . 18 7 - . 17 58 . 09 8 
418 -.001 58.67 11 .09 58.60 10 1322 -.001 58.16 6 - . 11 58 . 16 6 

1286 -.009 5R.17 8 .04 58.17 8 472 - . 037 58 . 22 7 -.08 58.22 7 
1287 -.006 58.44 11 .11 58.44 11 470 - . 028 57 . 96 5 - . 22 57 . 96 5 

420 .005 58.17 R .05 58.17 8 1323 . 020 59 . 51 5 . 29 59 . 57 4 
1641 -.067 5R.33 17 .19 58. 33 17 473 . 017 58.77 4 . 19 58 . 77 4 

42? -.007 '1R.R9 <; .4'? 5R.R9 c:; 1324 . 004 58.2() ?l -.20 5A . 30 20 
423 .ooo 59.31) 4 .19 59.30 4 475 . 003 58 . 14 15 - . 05 57.91 16 
424 -.024 57.43 6 .02 57.43 6 1326 -.005 58 . 35 18 -.22 58 . 35 18 

1292 .004 5R.95 17 .04 58.87 16 478 . 021 58.18 8 .os 58.18 8 
425 .ooo 59. 12 7 -.02 59.08 6 1327 - . 015 57 . 73 7 -.17 57 . 73 7 

1293 -.004 57.95 12 .27 57.95 12 1328 .006 58.35 13 - . 15 58 . 34 14 
427 .004 58.76 15 .04 58.73 16 1330 - . 002 57. 96 12 .01 57 . 96 12 
429 .040 57.R2 12 -. 1 R 57.69 11 1332 -.002 58.06 7 . 09 58 . 06 7 

1295 -.0?4 59.46 6 -.24 59.46 6 1333 .016 5A.65 7 .14 58.48 8 
1296 -.001 58.94 9 .oo 58.94 9 1335 -.001 58.14 11 -.15 58.14 11 
1297 -.008 57.93 14 .33 57.93 14 48"'.\ .006 58 . 14 5 .12 58.14 5 

432 .009 59.04 9 • 11 59.04 9 484 -.006 59.36 6 -.17 59.36 6 
433 -.009 58.57 12 -.12 58.57 12 486 . 042 57 . 84 8 .06 57 . 84 8 
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OBSERVED - FK3R Il OBSERVED - FK3R 

FK4 No. ll.a Epoch No. 1 ,H 1 Epoch I No. lkK4 No. 1 ll.a l Epoch l No., 1::1~ 
1 

Epoch 1 No. 

485 -. 007 58 • 14 4 -.19 58.14 4 1374 -. 001 58.28 9 .17 58.28 9 
1336 . 00 4 58.36 17 -. 08 58.36 17 1375 -.0 09 59.14 9 .23 59 . 25 8 

488 .001 58.48 7 -.21 58.48 7 531 -.023 58.50 7 . 03 58 . 50 7 
1337 -.013 58.07 4 .29 58.07 4 1378 .005 58 .6 0 5 .oo 58 .60 5 
1338 -.019 58.91 5 .10 58.91 5 533 -. 022 59 . 51 7 . oo 59.51 7 

1339 .018 5R • 92 5 -.14 59.33 4 1'379 . 002 58.28 12 .35 58.28 12 
490 -.015 58.17 8 -.22 58.17 R 534 -. 008 60.11 4 .11 60.11 4 
491 -.002 59.,3 4 -.20 59.33 4 535 -. 002 60.00 5 . 01 60.00 5 
492 -.022 57.69 8 -.16 57.69 R 536 . 006 58.21 5 .24 58.21 5 

1344 -.008 58.24 20 -. 14 58.24 20 138 0 -.0 09 57.24 7 -. 02 57.20 6 

494 -.021 58.01 10 . 05 58.05 11 1381 .018 58.62 4 .44 58.62 4 
1346 -.001 57.93 22 • 11 58.01 21 540 -.019 58 .14 9 .17 58.14 9 

497 .014 58.79 7 .25 5 8. 7-9 7 1382 .002 57.82 7 -. 07 57.82 7 
498 -.018 59. 14 5 -.15 59.14 5 545 -.037 59.90 4 .41 59.90 4 

1348 -.008 58.21 7 .2 0 58.21 7 1383 -. 004 57.20 7 . 04 57.20 7 

499 .048 58.57 5 • 11 58.57 5 1384 -.009 58.16 4 .14 58.16 4 
1349 -.005 58.95 5 .36 58.95 5 547 -. 010 59.56 8 • 11 59.56 8 
1'350 .001 59.05 7 -.12 59.05 7 1386 . 004 5R.'31 11 -. 19 58.,1 11 

500 -.005 57.5 5 11 -.21 57.55 11 549 .049 58.18 6 .18 58.18 6 
1351 .005 57.57 10 -. 05 57.60 9 550 .012 58.87 6 .,8 58.87 6 

501 -.021 59. 1A 6 .26 59.18 6 1388 .006 58.87 9 . 03 58.67 8 
502 .o oo 58.85 6 . os 58.85 6 1644 -.088 57.92 10 . 05 57.92 10 

1352 .025 58.07 7 -.41 58.07 7 551 .033 59.62 4 -.16 59.62 4 
1353 -.005 58.91 5 -.10 58.91 5 1390 -.002 60.41 4 -.07 60.41 4 

505 -.029 58.49 7 -.15 58.49 7 1392 . ùl8 58.87 4 .10 58.87 4 

1355 .017 59.35 7 -.20 59.51 7 1393 . 001 58.68 4 -.05 58.68 4 
1643 -.126 58. 18 23 .3 0 58.18 23 554 . 019 58.44 10 .25 58.56 9 
1358 .015 58.31 4 • 11 58.31 4 1394 -.007 58.59 7 -.14 58.59 7 

507 .006 59.30 4 -.05 59.30 4 555 -. 009 59.06 6 .26 59.06 6 
509 -.017 59.36 4 -.10 59.36 4 557 -.01 0 58.19 8 . 09 58.19 8 

1359 -. 010 57.80 11 -.06 57.80 11 1395 -. 026 58.47 9 .1 0 58.47 9 
511 -. 005 58.14 6 . 06 58.05 7 1397 -. 011 58 . 64 9 - .15 58.64 9 
513 -.016 59.18 5 -.13 59.18 5 1396 -.005 58 .2 3 8 .21 57.89 6 

136 0 . 011 57.87 6 -.18 57.87 6 562 . 001 58 . 32 12 -.11 58.33 11 
1362 . 001 58.66 10 -. 07 58.66 10 563 -.0 01 58.42 4 . 01 58.42 5 

517 .016 59. 06 4 -.04 59.06 4 565 . 077 59.01 5 . 25 59.01 5 
516 .004 5R.17 10 . 02 58.17 10 564 -. 016 59.78 5 .06 59.78 5 
521 -. 008 58.65 7 . oo 58.65 7 1400 -. 010 58.67 4 -.17 58.67 4 

1366 -. 005 57 . 96 11 -.03 57 . 96 11 1401 -. 004 58.10 9 -.05 58.10 9 
1367 . 002 57.92 7 . 02 57.92 7 569 -.017 58 . 27 6 . 02 58.27 6 

136 8 -.003 57.65 7 -.27 57 . 65 7 1406 -. 009 58.59 7 -.24 58.59 7 
522 . 026 57.79 5 . 02 57.79 5 568 . 001 59.14 4 .41 59.14 4 
524 . 025 58.05 11 .3 0 58.22 10 570 . 005 59.33 4 -.28 59.33 4 
523 -. 015 57.74 5 . 02 57 . 74 5 571 -. 018 58.17 7 .1 2 58.17 7 
526 -. 010 58. 17 5 -.31 58.17 5 572 -.008 58.02 9 . 04 58.02 9 

525 . 005 58.02 10 -. 22 58.02 10 1408 -.005 58 . 26 15 -.21 58.26 15 
528 -. 008 58. 59 7 . 06 58.59 7 573 -.005 59.11 6 -.07 59.11 6 
527 -.011 59.06 7 -. 01 59.18 6 576 -. 002 57 .9 8 7 -.17 57.98 7 

1370 .019 57.81 7 -. 15 57.81 7 1409 -.008 58 .51 15 • 19 58.51 15 
1372 -.013 5R.50 9 . 15 58.50 9 578 -. 011 58.77 6 • 1 7 58.77 6 
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OBSERVED - FK3R Il OBSE R VED - FK3 R 

FK4 No. Aa Epoch No. 1 Aô 1 Epoch I No. jj FK4 No. 1 Aa 
1 

Epoch 1 No. j Aô 
1 

Epoch 1 No. 

580 -.001 57.76 9 -.18 57.76 9 633 . 001 58 . 88 11 -. 19 58 . 84 10 
1412 -.044 57.49 10 - . 20 57.49 10 634 . 008 58 . 76 6 -. 12 58 . 65 5 

582 .002 57.99 13 -.11 57.99 13 1445 . 004 58 . 68 24 -. 07 58 . 64 24 
583 -.013 58.05 6 -.29 58.05 6 1446 . 004 59 . 64 5 -. 27 59 . 64 5 
590 . 012 58.54 R . 23 58.27 7 635 . 008 58 . 78 7 -. 22 58 . 48 8 

587 .016 58.40 4 . 50 58.40 4 1448 -. 013 59 . 09 7 -. 11 59 . 09 7 
584 .001 60.18 4 -.03 60.18 4 636 -. 006 58 . 30 9 -. 10 58 . 30 9 
58<; -.009 60.04 5 - . 19 60 . 04 5 1450 -. 014 58 . 68 12 . 07 58 . 62 11 
588 -.011 58.78 6 . 07 58 . 78 6 639 -. 020 58 . 85 8 -. 04 58 . 85 R 

1645 -.113 57.72 7 -.12 57 . 72 7 1451 -. 003 58 . 47 23 -. OR 58 . 39 24 

1414 -.005 58.13 7 • 11 58.13 7 641 . 011 59 . 00 4 -. 13 59 . 00 4 
1416 -.004 58.16 11 . 01 58.05 10 643 -. 022 59 . 83 6 - . 02 59 . 83 6 

591 -.007 5R.49 8 - . 17 58.49 8 1453 . 006 59 . 01 8 -. 04 59 . 01 8 
593 .004 58.62 8 - . 06 58.62 8 1454 -. 006 59 . 04 8 -. 04 59 . 04 8 
595 -.005 57.65 9 - . 06 57.65 9 1456 -. 001 59 . 47 9 -. 16 59 .47 9 

1420 -.014 57.99 20 . 09 57.92 19 1458 . 002 58 . 02 12 -. 06 58 . 02 12 
598 .015 58.29 13 . oo 58 . 29 13 647 -. 003 58 . 72 9 . 04 58 . 51 8 

1421 .027 5R . 88 6 . 01 58 . 88 6 1459 . ooo 58 . 89 10 . 03 59 . 08 9 
1422 -.020 57.76 14 -.05 57.78 n 650 -. 002 57 . 46 6 . 15 57 . 46 6 
1423 -.014 58 0 R5 5 .41 58 . 67 4 1460 . 017 58 . 65 7 - . 14 58 . 65 7 

601 -.010 59 . 17 7 . 22 59.17 7 653 -. 002 57 . 93 8 -. 12 57 . 93 8 
603 . 008 58.73 8 . 12 58 . 73 8 655 -. 013 59 . 54 5 . 41 59 . 54 5 
606 . 020 58 . 80 25 -. 0 4 58 . 80 25 657 - . 036 59 . 13 6 . 13 59 .1 3 6 

1425 -.004 58. 11 10 - . 25 58 . 11 10 1462 -. 019 59 . 47 5 . 24 59 . 47 5 
605 .011 5R . 94 9 .19 59 . 00 10 1461 . 005 58 . 79 7 . 17 58 . 49 6 

60R -.022 58 . 68 5 .28 58 . 68 5 659 . 023 57 . 92 5 -. 23 57 . 92 5 
612 -.0 33 59.00 13 .44 59 . 00 13 656 . 011 6 0 . 23 4 -. 09 60 . 08 5 

1427 -.005 5R.Ol 5 - . 08 58 . 01 5 664 . 007 5R . 85 16 -. 02 58 . 85 16 
609 -.008 58 . 66 4 -.27 58 . 66 4 663 -. 016 58 . 53 8 . 18 58 . 53 8 

142R .017 59.85 5 - . 16 59 . 85 5 665 . 011 59 . 87 14 -. 11 59 . 87 14 

1429 -.011 58 • 50 10 - . 21 58.72 9 670 -. 003 58 . 90 7 -. 36 58 . 90 7 
613 .005 58 . 93 4 . 22 58 . 93 4 667 -. 035 60 .1 3 6 -. 56 60 . 27 5 
614 -.017 59.1 9 5 .10 59 . 19 5 668 . 002 60 . 17 6 . 14 60 . 17 6 
618 -.003 58 . 72 8 . 05 58.63 7 1465 . 013 58 . 86 5 -. 16 58 . 86 5 
619 . 009 5R.82 n .26 58.76 12 1466 . 010 58 . 21 11 -. 01 58 . 40 12 

1432 . 002 58 .0 9 9 -.11 58.09 9 913 -. 092 57 . 96 11 -. 14 57 . 96 11 
621 -. 026 58.8 0 6 -.12 58.80 6 675 -. 026 58 . 72 13 . 03 58 . 48 11 
62".\ -. 042 59 • 00 8 -.16 59 . 17 q 1467 -. 015 58 . 48 13 . 01 5R . 48 13 

lu33 . 003 58.54 13 .15 58.54 13 671 . 0 50 59 . 28 5 . 16 59 . 28 5 
622 -. 004 59.26 6 -.23 59.30 7 146R . 003 59 . 22 6 -. 11 59 . 22 6 

1434 -. 006 57.81 13 -.06 57.81 13 672 - . 009 57 . 71 7 -. 33 57 . 71 7 
626 -. 025 58.31 6 -.22 58.19 7 676 . 012 59 . 05 8 -. 06 59 . 05 8 
627 -. 035 58.05 5 • 15 57.95 6 674 -. 022 59 . 36 6 . 41 59 . 36 6 

1436 . 017 57.60 12 -.16 57.60 12 673 - . 027 59 . 64 9 . 42 59 . 64 9 
1438 -.003 5R.02 19 . 08 58.02 19 1469 -. 005 58 . 39 6 -. 09 58 . 39 6 

1440 . OOR 59.23 5 -.47 58.76 6 677 . 00 7 59 . 56 16 • 10 59 . 56 16 
6?9 -. 001 58.50 4 -. 05 58.50 4 680 - . 008 58 . 76 11 - • 14 5R . 76 11 
912 . 01 4 5R.63 8 .29 58.53 7 681 . 010 59 . 27 7 -. 20 59 . 04 8 

1441 . 008 59 .46 4 -.47 59.46 4 685 . 014 5R . 94 5 • 12 58 . 94 5 
1442 . 005 58 . 6 ".\ 1 5 . oo 58.63 16 684 -. 030 59 . 22 4 . 53 59 . 22 4 
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OBSERV E D - FK 3 R Il OB SERVED - FK3R 

FK4 No. t:..a Epoch No. 1 t:.. & 1 E poch I No. lkK4 No . 1 t:..a 
1 

Epoch 1 No. j t:.. & 
1 

Epoch 1 No. 

14 75 . 010 57 . 75 17 . 01 57 . 64 16 1508 . 024 59 . 05 6 . oo 59 . 05 6 
1477 . 007 59 . 26 5 . 01 59 . 26 5 1509 -. 001 58 . 14 15 -.09 58 . 14 15 
14 76 . ooo 58 . 47 18 - . 03 58 . 59 17 733 . 009 59 . 01 7 . 33 59 . 01 7 

688 -. 002 59 . 19 8 . 01 59 .1 3 7 732 -. 005 59 . 44 7 . 23 59 . 44 7 
690 -. 013 58 . 36 7 . 17 58 . 36 7 1510 . 014 58 . 45 7 - . 21 58 . 45 7 

9 14 -. 037 5R • 61 9 . 38 58 . 79 7 1511 . 004 58 . 66 23 . 17 58 . 66 23 
695 -. 014 58 . 28 12 .1 5 58 . 07 l] 737 . 001 58 . 77 13 -. 03 58 . 80 11 

147R . 00 9 59 . 06 18 -. 08 59 .1 0 17 738 -. 014 58 . 36 8 . 21 58 . 36 8 
1479 . 003 59 . 27 A -.1 3 59 . 27 p 1513 . 011 57 . 82 16 . 23 57 . 82 16 
14 80 . 005 58 . 62 14 . 03 58 . 77 14 1515 -. 002 5R . 19 10 -. 14 58 . 19 10 

148 1 . 008 58 . 47 7 -. 06 58 . 60 8 7 40 . 005 58 . 88 11 -. 02 58 . 88 11 
1646 -. 02 1 58 . 49 12 . 16 58 .49 12 741 . 001 58 . 78 11 - . 25 58 . 78 11 

700 -. 085 58 . 55 6 -.14 58 . 55 6 743 . 004 59 . 10 11 -. 25 59 . 10 11 
14 83 . 004 59 . 04 4 . 09 58 . 89 3 74 4 -. 004 57. 98 1 2 . 16 57 . 98 12 
14 82 . 022 58 . 47 9 . 0 1 58 .47 9 74 5 . 005 58 . 80 5 . oo 58 . 80 5 

1484 . 0 16 57 . 98 12 . 10 57 . 98 12 7 4 6 . 031 59 . 09 6 . 21 58 . 79 5 
699 . 005 59 . 53 5 . 48 59 . 53 5 15 1 9 . 001 57 . 93 10 . 12 57 . 93 10 
7 01 -. 051 58 . 36 5 -.1 6 58 . 07 6 7 4 9 . 022 59 . 46 7 . 10 59 . 46 7 

1486 -. 020 58 . 45 11 .1 5 58 .4 5 11 1521 -. 014 59 . 10 6 -. 03 59 . 10 6 
702 -. 009 58 .1 4 11 . 02 58 .14 1 1 7 52 -. 001 59 . 25 7 - . 05 59 . 25 7 

70 3 . 009 59 . 07 6 -. 21 59 . 07 6 15 2 3 . 01 4 58 . 95 8 -. 39 58 . 95 8 
14 88 -. 008 59 . 23 6 -. 38 59 . 23 6 152 4 . 014 58 . 84 17 - . 04 58 . 84 17 
148 9 . 00 5 57. 70 8 .1 8 57.7 0 8 16 47 -. 06 9 58 .1 5 14 - . 16 58 . 26 13 
14 91 -. 005 59 .40 5 . 03 59 .40 5 15 2 5 . 004 59 . 86 4 . 15 59 . 86 4 
149 2 -. 02 1 59 . 06 6 • 1 1 59 . 06 6 75 6 . 028 58 . 65 5 - . 14 58 . 65 5 

14 94 -. 00 2 5R • 4 6 9 .1 0 58 .46 9 759 -. 035 57. 84 8 . 02 57 . 46 7 
705 . 003 57. 89 7 -. 3 1 57. 89 7 1526 . 015 59 . 57 4 . 08 59 . 57 4 
7 07 . 007 58 .1 9 1 0 . 06 58 .1 4 11 7 57 -. 012 58 . 03 3 - . 08 58 . 03 3 
709 . 00 6 58 .40 11 -. 18 58 . 48 10 758 -. 021 58 . 81 5 . 27 58 . 58 4 
711 -. 0 25 60 . 12 5 . 26 60 .1 2 5 760 . 015 57 . 93 9 -. 44 57 . 93 9 

714 -. 0 54 58 . 72 6 . 25 58 . 72 6 765 -. 005 58 . 89 7 . 08 58 . 89 7 
7 13 . 009 5R. 49 8 . 09 58 .49 A 1531 . 002 58 . 64 17 -. 16 5R . 71 15 
71 2 . 001 58 . 91 9 . 33 58 . 91 9 1533 . 009 57 . 65 12 - . 11 57 . 65 12 
71 6 -. 010 59 • 14 6 -. 0 4 59 . 14 6 1534 . 004 59 . 60 5 . 07 59 . 60 5 
7 17 . 003 59 . 76 10 . 05 59 . 74 11 1535 - . 030 59 . 33 4 -. 24 59 . 33 4 

14 9 7 -. 023 57 . 76 17 -. 14 57 . 76 17 767 - . 016 57 . 86 4 . 21 5R . 03 5 
14 9A . 011 58 . 94 5 . 01 58 . 94 5 1536 - . OlR 58 . 66 4 . 06 5R.64 5 

719 . 006 58 . 59 R . 03 58 . 48 9 1538 -. 022 58 . 50 6 - . 10 58.50 6 
1500 -. 001 58 . 34 19 . 21 58 . 40 20 768 . 002 60 . 40 5 - . 18 60 . 35 4 

7 23 . 012 59 . 21 6 -. 13 59 . 21 6 1537 . 006 58 . 06 7 . 06 58 . 29 6 

724 -. 002 58 . 73 6 -. 07 58 .73 6 7 7 0 - . 016 58 . 53 8 . oo 58 . 50 7 
7 25 . 009 5R • 4R 1 4 - . 24 58 . 48 14 1539 . 004 59 . 10 6 - . 26 59.10 6 
726 - . 019 5R . 69 6 . 05 ,8 . 69 6 772 . 016 57 . 97 19 • 11 57.97 19 
729 -. 04 4 58 . R5 7 -. 25 58 . 85 7 7 74 . 019 59 . 43 6 . 18 59.43 6 

1503 . 0 19 5R. 44 6 -. OR 58 . 4 4 6 777 . 002 5R . 71 9 . 14 5R.60 10 

73 0 . 021 60 . 14 5 -. 25 60 .1 4 5 7 7 R -. 007 58 . 75 10 .12 58.75 10 
1 ,05 . 023 60 . ".\ 1 4 -. 15 60 . 31 4 782 . 00 5 59 . 09 4 -.16 59.09 4 
1506 . 009 59 . 40 5 -. 06 59 . 40 5 780 . 002 58 . 36 4 . 24 5R.36 4 

734 . 0 14 59 . 60 7 -. 0 1 59 . 60 7 783 -. 006 58 . 00 5 .09 58.00 5 
1507 . 013 57 . 60 5 . 39 57 . 60 5 1541 . 026 59 . 64 4 - . 14 59.97 3 
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OBSERVED - FK3R Il OBSERVED - FK3R 

FK4 No. ti.a. Epoch No. 1 t,. 0 1 Epoch I No. li FK4 No. 1 ti.a. 
1 

Epoch 1 No.1 611 
1 

Epoch 
1 

No . 

1544 • 02 8 5R.08 4 .24 5R 0 08 4 833 -.003 57 . 06 5 -.21 57 . 06 5 
7Rl -.OOR 60.02 5 .17 60.02 5 834 . 006 60 . 19 13 - .1 2 60 . 19 13 

154"'1 .023 5R.72 4 -.07 58 . 72 4 835 -. 030 57 . 53 7 -. 04 57 . 53 7 
915 -.067 58.36 17 -.12 58.36 17 R37 -.019 58 . 56 9 . 06 58 . 30 8 

1545 .02R 5R.46 6 -.30 58.46 6 836 . 012 58 .48 5 . 34 58 . 48 5 

1547 .ooo 58.33 17 -.07 58.34 18 1583 -.022 58 .9 0 7 . 14 58 . 90 7 
786 . 014 57.5R 9 -.24 57 . 58 8 840 . 005 58 .48 10 . 24 58 .48 10 
788 -.006 58.68 8 -.20 58.68 8 1648 -. 075 59 .2 2 18 . 07 59 . 22 18 

1549 . 015 5R.61 7 -.11 58.61 7 843 . 00 1 57 . 69 6 -.44 57 . 69 6 
789 . 025 5R. 41 12 • 15 58 . 41 12 842 . 006 59 .2 0 6 -. 02 59 . 20 6 

1551 -.016 58.14 6 .12 58.14 6 844 . 012 59 . 56 7 .46 59.86 6 
792 . 002 58.31 8 . 07 58 . 54 7 1585 . 001 59 .5 1 8 . 02 59 .51 8 

1553 .006 5Ro79 7 -.20 58 . 79 7 1586 . 018 59 .44 4 -. 04 59 .44 4 
7q-:i .098 59.61 5 -.03 59 . 61 5 15RR -. 017 59 . 54 4 -.03 59.54 4 
795 -.060 58 . 74 R . 07 5R.74 R 1589 -.001 60 .14 4 -. 11 60 . 14 4 

794 -.006 5R.67 7 . 06 59 . 00 6 R47 -.032 60 .7 1 4 . 36 60.71 4 
1555 -. 001 58.67 11 -. 05 58 .67 11 1590 -. 018 59 . 99 4 -.1 0 59 . 99 4 

797 .012 58.86 10 -.10 58 . 85 9 1591 -. 009 60.52 4 -. 08 60.45 3 
800 -.003 58.96 16 -.10 58 . 79 14 848 -. 002 59 . 71 4 . 03 59 . 71 4 

1558 -.005 58 . 37 5 -.02 58 . 37 5 1593 . 067 58 . 95 4 -. 07 58 . 95 4 

1559 -.004 58 . 39 4 -,23 58 . 39 4 1594 -. 002 58 .17 9 .27 58 . 17 9 
803 -.042 57.95 9 .1 0 57 . 95 9 850 -. 005 59 .7 8 8 . 04 59 .7 8 8 

1560 -.017 59.66 7 .13 59 . 66 7 851 . 004 59 .40 6 -. 30 59 . 40 6 
804 -.005 5R.10 8 . oo 58 . 10 8 1595 . 001 58 .7 5 13 -. 29 58 .7 5 13 

1564 .01 0 58.93 10 - . 21 58 . 93 10 853 -. 012 58 . 94 9 -. os 58 . 83 10 

807 -.020 58.02 5 .27 58 . 02 5 852 -. 014 59 .4 2 6 .1 0 59 .42 6 
1565 . 021 5R.2R 5 -.04 58.28 5 855 . 008 60 . 29 8 -.1 2 60 . 29 8 

809 -.038 58.65 5 .06 58.65 5 857 . 012 60 . 23 6 .11 60 .1 3 5 
808 -.002 59. 4 7 5 . 37 59 . 47 5 858 -.006 59 .17 5 -. 02 59 .1 7 5 

1568 . 003 57.22 5 -.04 57.22 5 1596 -. 016 58 .46 6 -.1 2 58 . 46 6 

811 -. 003 59.20 5 . 05 59.20 5 859 -.007 59 . 47 7 -.07 59 .5 8 6 
1569 . 014 59.09 10 .11 59.09 10 1598 - . 008 58 .1 5 19 -.10 58.15 19 
1570 -.001 59.79 5 -.02 59.79 5 862 -.019 58 . 84 7 . os 58.84 7 

Rl3 -.003 58.88 5 . 04 58 . 88 5 863 . 020 58 . 10 10 . 05 58 .1 0 10 
817 -.057 58.62 8 -.33 58.62 8 864 . 016 60 .1 8 11 .4 2 60 . 18 11 

815 -.003 60.11 7 -.23 60.11 7 1600 -.037 59 . 17 4 . 09 59 . 17 4 
1571 -.021 59.06 5 -.04 59.06 5 1649 -. 077 59 . 15 19 -. 01 59 . 15 19 

818 . 006 59.07 6 .40 59.07 6 869 -. 010 59 . 79 5 -.26 59 . 79 5 
1572 -.025 60.26 5 .40 60.26 5 1602 . 011 57 . 60 10 -. 22 57 . 60 10 
1574 .013 58.64 6 -.63 58.64 6 870 -. 005 59 . 82 4 -.07 59 . 82 4 

821 -.021 60.10 5 -.21 60.10 5 871 -. 018 58 . 95 4 . 23 58 . 95 4 
1575 .005 60.17 7 .27 60 .17 7 1603 . 004 58 . 47 13 . 10 58 . 41 14 

823 -.007 59.42 7 • 21 59.42 7 1604 -. 009 57.70 6 . 25 57 . 70 6 
1578 . 031 59.51 7 -.21 59 .51 7 1606 -. 012 59 . 72 8 -. 07 59 . 72 8 
1579 . 003 59.16 6 . 09 59.10 7 875 -.010 59.54 5 -. 22 59 . 54 5 

1580 . 012 59.00 22 -.03 59.00 22 1607 .0 07 57 . 95 6 -. 08 57 . 95 6 
R26 .002 5R . 38 12 -.34 58 . 38 12 1608 . 010 58 . 22 10 . 10 58 . 22 10 
827 -.010 60.41 12 -.20 60 . 41 12 878 . 013 59 . 25 7 . 17 59 . 25 7 
830 • OLi 0 58.43 5 -.09 58 .4 3 5 1609 .001 58 . 41 14 . 01 57 . 90 12 
831 . 001 58.94 7 -.13 58 . 94 7 880 -.0 02 60 . 09 7 -.12 60 . 09 7 
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OBSERVED - FK3R Il OBSERVED - FK3R 

FK4 No. Âcx Epoch No. 1 ÂÔ 1 Epoch I No. li FK4 No. 1 Â ex 
1 

Epoch 1 No., ÂÔ 
1 

Epoch 1 No . 

1610 . 003 58 . 35 7 . 17 58 . 35 7 1620 .001 58.39 13 -.30 58.39 13 
1613 -. 024 59.61 6 -.31 59 .7 5 5 1622 -.012 59.37 7 . 02 59.37 7 

882 -. 002 59. 1 5 8 -. 09 59 .1 5 8 1623 -.004 59 . 76 6 .11 59.58 5 
881 . 002 59 .1 2 4 -.49 59 .1 2 4 895 . 048 57.75 7 -.10 57.75 7 
884 -.005 58 .79 8 . 07 5R .79 R 897 -.009 59.57 5 -.17 59.30 4 

1614 . 011 59.72 8 .11 59.84 7 898 . 005 59 .44 5 -.15 59.44 5 
1615 . 005 59.93 6 -.07 59. 96 5 1625 -. 03 7 59.28 7 -.40 59.28 7 

885 -. 003 5R.71 11 -.21 58.91 10 899 . 01 4 59.58 6 . 03 59.58 6 
1616 . 002 58 .76 7 -.09 58 .76 7 1627 . 062 58.77 7 .25 58.75 5 

888 . Q09 58.94 10 . 03 58.94 10 1650 -.150 58.32 10 -.06 58.32 10 

890 0 008 59.81 5 • 11 59.81 5 1628 . ooo 58 .77 5 -.25 58.77 5 
891 . 015 60.03 4 .48 60. 0 3 4 1629 . ooo 59.95 5 .os 59.95 5 
891 . 011 58 • 4R 7 .31 58.78 6 900 -.028 60.58 7 .06 60.57 6 
892 . 017 58.09 7 . 02 58.09 7 902 . 002 59 .8 9 7 -.03 59.89 7 

1619 -.011 59. ,7 5 .3 0 59.78 4 1630 .005 59.26 8 . 03 59 . 26 8 

LO W. IE R ( u MIN A T I C N 

1642 -.248 5R.2R 9 -.49 58.33 10 659 -. 018 60 .2 0 4 -.25 60.20 4 
451 -. 028 59.54 5 -.01 59.54 5 664 . 022 59.10 7 .03 59.10 7 
454 . 007 58.92 15 -.17 58 . 94 14 670 -.007 59 . 11 5 • 18 58.61 4 
472 -.021 59.26 5 -.26 59.12 4 913 -.295 58.08 7 -.21 58.08 7 
47R .0 32 59.02 5 .42 59.02 5 675 -.014 58 . 82 7 -.13 5R.R2 7 

486 .041 60.33 4 . 03 60 . 33 4 685 -.027 60.82 4 -.09 60.82 4 
499 -. 002 58.91 5 .26 59.44 4 914 .042 60.16 5 -.35 59.95 3 
500 -. 023 58.19 5 .15 58.19 5 695 .054 58.79 4 .03 58.79 4 
505 -.024 5R.64 4 -.04 58 . 91 5 1646 . 001 S8.41 n -.04 58.41 n 

1641 - . 148 58 . 56 11 . 22 58.54 10 700 . 0 16 59.70 8 -. 06 59.50 7 

511 . 042 60 . 01 6 • 15 59.71 7 701 .041 58.32 4 .58 58.32 . 4 
521 -. 05 1 59.55 6 .1 2 59.37 4 1494 -.003 59.19 8 -.29 59.47 7 
524 -.058 57.15 5 -.31 57.42 6 714 -. 0 45 59.67 5 -.52 59.40 3 

1179 . 07.8 59 • 19 12 -.29 59. 11 11 723 .029 58.53 6 -.OR 58.39 5 
536 . 012 60 . 37 7 .61 60.79 5 729 . 048 59.62 6 -.17 59.62 6 

550 -.151 5R.92 4 -.25 58.92 4 734 -.003 58.73 12 -. 09 58.96 11 
1644 . 014 5R.97 7 -.04 59.14 6 1647 -.172 58.39 15 -.09 58.31 16 

554 . 070 59.66 5 . 66 60.08 4 759 -. 024 58.17 10 . 03 58.16 11 
565 -.019 60 . 32 4 . 03 60.32 4 767 -. 011 57.74 8 .06 57.53 7 
569 -. 023 60 . 83 4 . oo 60 . 83 4 1538 -.029 58.70 8 - .19 58.70 8 

590 -.00 9 59.42 7 -.os 59.42 7 770 .019 58.85 8 • 11 58.88 6 
587 . 081 60 . 88 4 .64 60.86 3 783 -.028 58.80 5 -.26 58.80 5 

1645 -.048 58 . 97 5 -.35 58.97 5 915 -. 098 59.19 12 -.26 59.03 13 
606 -.001 60 . 6R 10 -.44 60.71 R 795 -.008 59 .70 7 -.1 0 60.31 5 
612 -.051 59 • ,R 9 . 03 59. 17 R R03 -. 003 57.88 8 .32 57.93 6 

619 . 001 59 . 59 7 .41 59.52 6 809 -. 060 58.73 6 .39 59 .21 5 
1432 . 023 59 . 97 5 .41 60.68 4 817 . 038 59.07 6 -.12 59.07 6 

623 .027 58.91 9 -.29 58.91 9 1572 . 024 59.70 6 . 63 59 .41 5 
912 -.045 58.61 6 -.1 0 58.61 6 1578 . 028 58.43 6 -.09 58 .43 6 
639 . 023 59 • 18 6 .10 59.18 6 830 . ooo 59.09 10 .17 59.17 9 
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OBSERVED - FK3R Il 
OBSERVED - FK3R 

FK4 No. t:;. (X Epoch No. 1 t:;. 0 1 Epoch 1 No. JI FK4 No. 1 t:;. ex 
1 

Epoch 1 No., t:;. 0 
1 

Epoch 
1 

No. 

R37 .021 59.41 7 -.34 59.42 6 182 . 009 58 . 87 6 . 61 58 . 73 5 
1648 - .18 3 59. 19 17 -.20 59.19 17 1637 -. 202 58.21 12 . 09 58 . 31 13 
1593 .022 56.65 7 .22 56.65 7 191 -. 008 58 .3 3 14 -.12 58.33 14 
1594 .064 59. 3 7 7 -.20 59.37 7 203 -.026 58.87 6 . 33 58 .87 6 

851 -.052 59. 61 6 -.31 59.69 5 205 . 022 58 .7 6 7 . 06 59.05 5 

85"1 -.001 57.R7 5 .22 57 . 87 5 1638 -. 229 58 . 64 11 -.1 2 58 . 64 11 
86"1 .010 59.77 6 -.05 59.88 5 233 . 009 58 . 30 10 .20 58.30 10 

1649 -.011 5R.39 11 -.51 58.20 10 234 -. oso 59 .69 6 -.15 59.69 6 
882 .023 58.57 8 . 29 58 . 99 6 247 -. 012 59.30 5 -. 06 59 .3 0 5 
893 .042 57.7R 19 .oz 57 .7 8 19 248 . 021 58.58 18 -.14 58.47 17 

895 -.055 58.07 4 . 09 58.07 4 259 -.001 57.92 6 -. 08 57.92 6 
1627 .127 60.30 5 -.01 60.30 5 260 . 017 58.89 10 -.42 59 .1 0 8 
1650 -.114 58.03 lR -.32 58 . 03 lR 909 -.538 57.61 11 -.28 57 . 61 11 

16 .001 57 . 68 6 .38 57.34 5 284 . 050 59.30 6 -.36 59.04 5 
24 .036 SR. 1 5 4 . oz 58.15 4 300 . 065 57 .64 9 -.37 57 .77 8 

29 • 0"19 57.79 5 .39 57.79 5 302 . 082 58 . 13 5 1 . os 58.13 5 
32 .087 60.07 4 .80 60 . 07 4 1639 -.113 58 . 63 11 -.1 5 58 .63 11 

906 -.127 58.03 16 -.22 58 . 03 16 1215 -. 021 59 .5 9 4 . 34 59.59 4 
41 .071 58.94 10 .06 58.94 10 310 . 005 58 . 98 13 -. 38 58 . 86 12 
46 .043 58.15 4 -.23 58 . 15 4 317 . 030 59.01 5 .3 9 59.13 6 

48 .001 59 . 15 4 -.08 59.35 4 322 . 082 57 .7 0 5 . os 57.70 5 
1042 -.016 57.58 4 -.44 57.58 4 338 -.004 59.03 5 .16 58.81 6 

51 -.038 58.37 6 .22 58.18 5 1640 -. 077 58.31 14 .28 58.31 14 
55 .002 59.59 4 .30 59.59 4 355 . ois 60 .5 9 4 .47 60.59 4 

907 -.007 57.21 12 -.18 57.19 11 910 -.048 59.36 12 -.25 59.36 12 

63 .016 59.35 4 .37 59 . 35 4 357 . 022 58 .8 4 5 .22 58.84 5 
70 .020 60.10 4 -.03 60.10 4 363 . 063 59.68 6 . 06 59.68 6 

1635 - • 191 58.60 13 -.15 58.62 12 372 -. 052 59.20 6 -.31 59.20 6 
76 .028 59. 60 5 .25 59.65 4 1262 . 007 59.78 5 -.zs 59.78 5 
87 -.053 57.60 5 .27 57.60 5 387 . 020 59.30 4 .27 59.30 4 

92 -.033 60.19 4 -.11 60.39 4 911 -. 096 58 . 09 11 -.35 58.02 10 
105 .077 59.35 8 .24 59.15 6 395 . 016 59 .4 1 12 -.41 59.28 11 
115 .076 58. 43 6 .51 58.43 6 403 -.006 58 .2 1 8 .1 9 58 .12 7 

}6'36 - • 34 t+ 57.6K R -.12 57.68 R 411 . 066 58 . 46 9 -.06 58 .46 9 
1096 .002 SG.44 4 .23 59.12 3 417 -. ozs 60 . 28 6 . 65 60.28 6 

129 -.005 58. O:' 7 .56 5R.16 6 1641 . 066 59.47 8 . 10 59 . 34 10 
}-:iR -.067 59.95 4 .03 59.95 4 429 . 012 SR.93 6 .59 SR . 66 8 
90R -. 367 58.lR 16 -.21 58.32 17 433 -.016 59.60 4 -.02 59 . 60 4 

1122 -.018 57.97 6 • 18 57.97 6 44C • OS 1 59 . 57 5 . 12 59.57 5 
173 -.038 59.33 11 -. 19 59.60 10 1303 .032 60 . 35 5 .45 60 . 35 5 

17R - • 04-:\ 59.67 5 .40 59.67 5 



July 25, 1967 

Please note the list of corrections to the Ottawa catalogue (Pub. D.O . 
Vol. XXV, No. 9) as detected and compiled by Robert B. Hanson of the U.S. 
Naval Observatory. 

E.G . Woolsey 
Astronomy Division 

LIST OF CORRECTIONS TO OTTAWA CATALOGUE (VOL. XXV, NO. 9) 

PART II 

The BD zone numbers for the following Ottawa Star numbers should be NEGATIVE: 

5 93 193 280 350 411 527 644 729 913 1055 

12 108 203 286 352 417 549 662 793 930 1066 

22 124 221 290 367 438 576 675 804 934 1084 

52 132 226 291 374 442 599 680 825 974 1088 

62 134 229 301 385 446 612 697 842 976 1100 

80 155 236 311 390 459 631 701 875 994 1116 

81 162 271 324 403 491 638 704 885 1012 1136 

87 182 278 332 406 502 640 719 911 1044 

PART IV 

OTTAWA NO. BD. NO. OTTAWA NO. BD. NO. 
-

FOR READ FOR READ 

33 20 44 20 422 135 61° 160 61 ° 1591 

44 31 "' 66 31° 642 136 20 319 20 3118 

54 60° 84 60° 768 138 31° 292 31° 2884 

90 37° 138 37° 1380 140 14 ° 327 14 ° 3207 

94 22° 125 22° 1241 149 71 ° 97 71° 889 

107 10° 122 10° 1220 151 58 ° 189 58 ° 1809 

112 58° 100 58° 982 157 44 ° 327 44 " 3234 

121 60 209 60 2036 159 69 " 107 69 ° 1070 

123 31° 197 31° 1907 163 52° 259 52" 2572 

124 67 ° 64 67° 577 182 14 445 14° 4369 

125 37° 201 37° 1965 183 35 :, 433 35° 4267 

126 20° 253 20° 2467 193 59 ° 237 59 " 2334 

128 11° 242 11° 2348 194 37 ° 424 3r 4240 

131 14° 277 14° 2770 204 24 '" 449 24 ° 4463 

132 27 ° 248 27° 2417 246 74 ° 106 74 ° 1006 

134 26° 274 26° 2722 249 30° 505 30 ,) 4978 
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Results of Observations Made with the 
Ottawa Reversible Meridian Circle 

1954-1962 

Catalogue of 2665 Stars 

E. G. Woolsey 

ABSTRACT: This catalogue contains the results of observations made at Ottawa with the Reversible 
Meridian Circ le during the period J anuary 1954 to December 1962. The pro gram consists of 1142 FK3 (Supp.) 
stars, 160 Ottawa zenith stars and 255 additional stars. The additional stars include the FK3 stars omitted 
from the Apparent Places of Fundamental Stars, Kopff's replacement stars and stars from the Galactic 
Research list of Blaauw and Parenago. The published positions were determined differentially using the 
1108 FK3 stars whose declinations are greater than -27 °30' and whose positions are published in the APFS. 

The catalogue also gives the relative corrections to the fundamental stars in the form observed minus 
FK3 position. The program stars were observed at least six times: the probable error of a single observation 
is :'28 in right ascension and :• 34 in declination. 

Résumé: Le présent catalogue renferme les résultats des observations faites à Ottawa, à l'aide du cercle 
méridien réversible, de janvier 1954 à décembre 1962. L'étude a porté sur 1,142 étoiles FK3 (Supp.), 160 
zénithales à Ottawa et 255 autres étoiles . Ces dernières comprennent les étoiles FK3 omises del' Apparent 
Places of Fundamental Stars, les étoiles de remplacement de Kopff et celles qui sont énumérées dans la 

liste du Galactic Research de Blaauw et Parenago. Les positions indiquées ont été déterminées de façon 
différentielle et on a utilisé les 1,108 étoiles FK3 dont les déclinaisons sont supérieures à -2 7°30' et dont 
les positions ont été publiées dans l'APFS. Le catalogue donne aussi les corrections relatives aux étoiles 
fondamentales comme elles ont été observées, moins les positions données au FK3. Les étoiles à l'étude 
ont été observées au moins six fois: l'erreur probable d'une observation est de :128 en ascension droite et de 
:•34 en déclinaison. 

INTRODUCTION 

This is the final catalogue of observations with the 
Ottawa Reversible Meridian Circle. Observations on 
this instrument ceased in December 1962 and the instru
ment has been dismantled to make way for a new time
laboratory. The work on star positions at Ottawa wilt 
continue but will be done using the new Mirror Transit 
which is being brought into operation. 

The principal program undertaken was the observation 
of the FK3 (Supp .) stars for the northern sky . Modern 
observation on these stars had been requested so that 
their positions and proper motions could be determined 
with sufficient accuracy to permit them to be included 
in the Fundamental Catalogue. Along with these stars , 

the re-observation of the Ottawa PZT stars was· undertaken 
to check their relation to the Fundamental Catalogue 
and to determine any periodic errors in the meridian 
circle results. 

ln order to produce this catalogue in an easily 
usable form , each group of stars has been published as 
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a unit. The first part deals with the fondamental or FK3 
stars, the second with the FK3 (Supp.) stars, the third 
with our own PZT stars , and finally the remainder of 
the stars observed. The positions are not given for the 
FK3 stars but are given in the form observed minus 
FK3 along with the numberand epoch ofthe observations. 

The observers were: 
E.G. Woolsey . ...... Jan. 1954 to Dec . 1962 
R. W. Tanner .. ...... Jan. 1954 to Dec . 1962 
I. Halliday . . . . . . . . . Jan. 1954 to Nov. 1954 
G.A. Brealey .... . .. June 1954 to Sept. 1961 
M.O . Wheeler .. . .... July 1955 to Dec. 1962 
R.A . Constanzo ..... Apr. 1959 to Sept. 1959 

Assisting in the reductions were Miss O. Boshko , 
Mrs . B. Crawford , Mrs . B. Dell and a number of summer 
assistants. 

Th anks are expressed to F .P . Scott and the U .S. 
Naval Observatory for providing the reduction to apparent 
place for the period 1956 to 1961 . 
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OBSERVING PLAN 

From exammmg the differences "Observed minus 
N 30" against the num ber of observations in our previously 
observed programs, we found the accuracy gained by 
adding more observations started to decrease noticeably 
after six observations , and the overall accuracy increased 
very slightly after ten observations . For this reason it 

was planned to observe each program star at least six 
times , three with each clamp position , and the reference 
stars ten times, five with each clamp position. On our pre
vious programs man y of the reference stars had recei ved 
too few observations, and an effort was made to observe 
these stars more uniformly. 

The reference stars were to be all the stars published 
in "Apparent Places of Fundamental Stars" that lie 
north of -27°30 •. These were divided in the following 
manner: 

-12°30' to 12°30' .......... Time stars 
over 80° ..... .. ........ .. . High azimuth stars 
75 to 80° ................ 75° azimuth stars 
60 to 75° ................ Refraction stars 
remainder ................ Comparison stars 

The method observing and calculating is the same 
as that described in our publication Vol. XXV No. 8 , 
except that the positions of the reference stars are all 
taken from the FK3 rather than the FK3R. 

FUNDAMENTAL STARS 
(Catalogue Part/) 

In forming this catalogue , each night's work was 
corrected using night constants derived from the fonda
mental stars in the manner described in Pub. D.0 . Vol. 
XXV No. 8. 

Briefly , the n ight corrections in right ascension 
were derived using all the FK3 stars observed on that 
night; and in declination the night correction for refraction 
was based on all FK3 stars, but that for latitude on 
those FK3 stars that lie between the equator and the 
pole. 

The observed positio~s for the fondamental stars 
were retained only in the form observed minus computed. 

Tables I to III give the comparison of the positions 
with the FK3: the star positions are averaged for each 
three hours in right ascension and ten degrees in decli
nation . 

Tables IV and V show the error of a single observa
tion. They gi ve the average standard deviation deri ved 
for each star. The weights given are the number of stars. 

A least square solution of the residuals (O-FK3) for 
the 311 time stars yields: 

(O-FK3)a cosô = ~ 0012cosa- ~0006sin ex - ~001lcos2cx 
- ~0017sin2cx 

The average difference, observed minus FK3, is 
tabulated for each star along with the number of observa
tions in each co-ordinate , and the average epoch. 

Since none of the program stars has been observed 
below the pole, the observed values for the fondamental 
stars obtained above and below the pole have not been 
combined. The values for lower culmination are given 
at the end of the table. 

FK3 SUPP. ST ARS 
(Catalogue Part li) 

The FK3 (Supp.) stars are the 1142 stars given by 
Kopff in the Supplement - Katalog des FK3 (FK3 Supp.), 
Supplement to the Astronomische-Geodatischen J ahrbuch 
1954 , Astronomischen Rechen-Institut , Heidelberg. 

The star observations were reduced in the same 
ma nner and with the same corrections that were applied 
to the FK3 stars . The reduction for each individual 
observation to mean place 1950.0 was clone using GC 
proper motions . 

The observations on each star were examined for 
consistency. Although six observations were considered 
adequate for any star, additional observations were taken 
if the mean e rror of a single observation exceeded ?033 

sec ô in right ascension or :•56 in declination. On com
pletion of the observing, these observations were re
examined and in any case where the difference ,observa
tion - average position, exceeded §-100 sec ô in right 
ascension or 1•)50 in declination , or the range exceeded 
§il 75 sec ô in right ascension or 2:• 50 in declination, the 
observation was considered a mistake and was omitted. 
After applying this criterion there was no star with less 
than six observations , three in each clamp. 

In order to eliminate mistakes as much as possible, 
the average observed position for each star was compared 
with that given in the FK3 (Supp .), the GC and the AGK2. 
Each star was examined individually and the reductions 
re-checked where necessary. 
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The positions given have been reduced from apparent 
place to mean place 1950.0 , using GC proper motions 
which are also published here for convenience. The 
precessional tables have been omitted since they are 
available elsewhere . This has made it possible to have 
all information pertaining to one star on one line in 
the catalogue and to retain the results on one punched 
card. 

Anyone requ1nng precessional tables may take 
the values from the AGK2 or use the formulae given 
on page 10 of Fourth Fundamental Catalogue (FK4), 
Veroffentlichungen des Astronomischen Rechen-Institut , 
Heidelberg , Nr 10. 

In the calculations of apparent place no corrections 
have been made for parallax. 

For the 108 stars of the FK3 (Supp.) whose parallax 

is given by A. Kopff , a calculation for parallax has been 
made using the formula : 

6. a = rr(Yc- Xd) 
6.ô = rr(Y c •-Xd•) 

as given on page 64 in the E xplanatory Supplem ent to 
the Ephemeris, H.M. Nautical Almanac Office, 1961. 

The values given in Table VI were calculated using 

the 11 as published in FK3 (Supp.) , the average value 
of X and Y for the day taken from the Astronomical 
Ephemeris 1960, and 1960 values of c ; d , c' and d• for 
each star. 

These corrections are of the order of the rounding 
off errors . However, anyone wishing to apply them may 
do so by substracting them from the tabulated positions 
of the indi vidual stars . 

PZT STARS 
(Catalogue Part lll) 

The Ottawa zenith stars observed are the 160 stars 
of the Ottawa PZT program being used in 1954. 

The reductions of these observations were done 
in the same manner as described for the FK3 (Supp.) 
except that the proper motions used in the reductions 
were the Ottawa proper motions . 

For each star the difference, observed minus cata
logue, has been given . These PZT star positions , used 
for comparison purposes , were supplied by the Time 
Service. They are considered as preliminary and may 
require minor corrections when they are eventually 
published. 

Five of the PZT stars , numbers 64 , 69 , 100, 117 and 
83 , are listed elsewhere in the catalogue. However, in 
this listing the PZT proper motions have been used. 

The first four appear in the FK3 (Supp .) as numbers 
479, 504 , 723 and 850 respectively . The last star , PZT 
number 83 , is FK3 number 1338 . 

The observations on this group of stars were checked 
for consistency by comparing individual observations 
wi th the mean; and for mistakes by comparing the results 
with the PZT positions. 

A comparison of observed minus catalogue for the 
PZT stars and the FK3 stars that lie between 40 and 
50°, is given in Table VII. These are given for three-hour 
zones in right ascension . On the whole it indicates good 
agreement between the PZT positions and the FK3 stars , 
but there does appear to be a seasonal variation in 
declination for the Ottawa Meridian Circle. 

ADDITION AL ST ARS 
(Catalogue Part IV) 

The additional stars consist of two lists which 
have been combined because of their small number . 

The first list contains the FK3 stars that were 
dropped from the fondamental catalogue, and A. Kopff's 
Ersatz or replacement stars that are listed in AN 231 , 
No. 5537 , page 310. These stars were included at the 
suggestion of F.P . Scott of the U.S . Naval Observatory . 

The second list contains the stars marked P (stars 
to be given priority) in a list of Galactic Research Stars 
dated November 1953. This latter list was proposed at 
the Conf erence on Co-ordination of Galactic Research , 
held at Vosbergen , Holland , June 22 to 27 , 1953 and was 
provided by A. Blaauw of Yerkes Observatory . A number 
of stars from both groups are already included in other 

sections of this publication and are not repeated here . 

All the stars of this list were reduced to epoch 
1950.0 without proper motion , except the FK3 stars which 
were reduced using FK3 proper motions . For these stars 
the apparent places for the years 1954 and 1955 were 
obta~ned from the American and Russian Ephemerides 
and for the remaining years the positions were calculated 
at the U.S. Naval Observatory . In order to bring these to 
the same basis as the other stars (position 1950.0 without 
proper motion) , the star positions were adjusted by adding 
the product of the proper motion and difference in epoch. 

A special case arises in connection with No. 129 
(FK3 No. 477). The position given is for the preceding 
star rather than the centre of gravity of the pai r. 
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. 

BOL 
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80 to 90° 
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60 to 70° 

sel' to 60° 

0 to so
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20° to 30° 

l 0° to 2 0° 

o0 to 10° 

-10° to - o0 

-20° to 
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-10 
0 

to -20° -30 

Mean 

oh to 3h 

Val. Wt . 

37 9 

31 7 

- 20, 3 

-297 3 

27 7 

40 8 

4 11 

-13 11 

- 9 12 

4 16 

2 14 

4 20 

-3 12 

-13 16 

-7 10 
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TABLE I Catalogue Çomparjaon lo Rjght Ascension ro-FK3) 
Unit ~001, Welght- Number of Stars 

3h to 6h 1 sb to 9h i 9h to 12h iah to J.5h 1 15h to 1shl 1s h to 21h 1 21h to 24h 

Val. Wt . Val. Wt. Val . Wt . Val. Wt. Val . Wt . Val. Wt. Val. Wt. 

-11 6 5 9 6 10 - 3 7 4 7 4 5 5 7 

-27 5 58 5 16 4 - 19 8 7 7 - 24 9 - 9 10 

-249 4 -349 2 -9 4 - 201 3 - 140 3 - 56 4 - 81 3 

-276 4 -348 2 -51 4 - 214 3 - 66 3 46 4 - 108 3 

- 9 5 47 5 28 4 - 16 8 - 22 7 -36 9 0 10 

4 6 22 9 19 10 14 7 4 7 - 5 5 - 6 7 

-10 9 10 5 8 8 1 8 -2 11 - 9 9 - 10 8 

-19 17 -10 14 - 1 12 - 15 12 - 18 15 - 12 9 -16 12 

-5 12 0 11 - 4 15 0 14 - 2 13 -5 13 - 6 14 

- 8 16 -2 19 - 6 10 -1 12 -9 15 8 14 0 14 

- 5 15 -1 14 1 14 2 13 - 7 14 9 16 - 4 12 

0 16 -4 14 -2 16 -4 13 4 16 8 14 0 17 

0 23 3 14 0 16 - 4 16 -6 13 3 20 - 3 18 

-19 10 -6 13 -11 15 -4 18 - 10 17 0 16 - 5 17 

-22 11 -10 9 -13 8 -7 13 - 14 12 - 4 12 - 7 10 

Mean 

Val. Wt. 

7 60 

0 55 

- 14 7 26 

- 149 26 

- 2 55 

1 3 59 

- 1 69 

-13 102 

- 4 104 

- 2 116 

0 112 

1 126 

- 1 132 

- 8 122 

-1 0 R5 

-5 159 1 -22 159 1 -7 145 1 -1 150 1 -12 155 -10 160 1 - 3 159 

1 

- 8 162 1 - 8 1249 

TABLE Il. Catalogue Comparison in Right Ascens ion (O-FK3) cos 6, 
Unit ~001, Weight - Number of Star s 

oh to 3n 1 3n to 6° 6u to 911 

9n to 12h ~ 12° to 15° 15n to 18hl 1sn to 21h 

Val. Wt. Val. Wt . Val . Wt Val. Wt Val. Wt. Val. Wt. Val Wt 

-15 9 4 6 -2 9 - 2 10 2 7 -2 7 - 1 5 

- 7 7 6 5 -14 5 -3 4 4 8 - 1 7 5 9 

21 3 21 4 21 2 4 4 20 3 9 3 5 4 

-19 3 -22 4 -19 2 - 6 4 -21 3 -4 3 - 2 4 

6 7 -2 5 12 5 7 4 -4 8 -6 7 -10 9 

17 8 1 6 9 9 7 10 5 7 1 7 -2 5 

2 11 -5 9 5 5 4 8 -0 8 -1 11 - 5 9 

-8 11 -13 17 -7 14 -0 12 -10 12 - 12 15 - 8 9 

-7 12 -3 12 -ù 11 -3 15 0 14 -1 13 - 3 13 

3 16 - 6 16 -2 19 -4 10 -1 12 - 7 15 6 14 

2 14 -4 15 -0 14 1 14 2 13 - 7 14 8 16 

3 20 0 16 -4 14 -1 16 - 3 13 3 16 8 14 

-3 12 -0 23 2 14 -0 16 -3 16 -6 13 3 20 

-12 16 -18 10 -5 l.3 -9 15 -4 18 -9 17 - 0 16 

-6 10 -19 11 -9 9 -11 8 -6 13 - 12 12 - 3 12 

-1 159 1 - 5 159 1 -1 145 -1 150 -2 155 -5 160 0 159 

n° to 24n j Mean 

Val. Wt Val. Wt. 

- 2 7 - 3 60 

3 10 0 55 

7 3 13 26 

- 8 3 - 12 26 

- 1 10 -1 55 

- 3 7 5 59 

- 5 8 - 1 69 

- 11 12 - 9 102 

- 4 14 - 3 104 

0 14 - 1 116 

- 4 12 - 0 112 

- 0 17 0 126 

-2 18 - 1 132 

-5 17 - 7 122 

- 6 10 - 9 AS 

-3 162 -2 1249 
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TABLE III. Catalogue Comparison in Declination (0 - FK3) 

Unit '!01, Welghl - Nu mber of Stars 

oh to 3h 1 3h to 6h 6h to 9h 9h to 12h 112h to 15h 
h h 

15 to 18 18h to 21h 

Val. Wt Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. Wt. Val. 

17 

- 5 

-3 

26 

2 

10 

12 

6 

- 6 

- R 

1 

6 

- 2 

0 

27 

4 

9 27 6 7 9 11 hl 19 7 4 7 1 

7 - 2 5 -14 5 -5 4 - 20 8 -9 7 - 2R 

3 -1 6 4 - 32 2 - 8 4 - 3 3 -40 3 -13 

3 14 4 7 2 11 4 18 3 5 3 19 

7 13 5 5 5 12 4 12 8 17 7 - 2 

8 - 4 6 - 9 9 3 10 11 7 15 7 1 

11 11 9 11 5 -2 8 -3 8 9 11 28 

11 12 17 4 14 4 12 -4 12 1 15 5 

12 5 12 -2 11 2 15 -7 14 -2 13 0 

16 -2 16 6 19 -5 10 - 8 12 -7 15 -13 

14 - 5 15 -4 14 - 6 14 -3 13 -9 14 -1 

20 -z 16 1 14 -4 16 -5 13 -4 16 - 2 

12 - 9 23 - 7 14 -6 16 -9 16 2 13 -4 

16 15 10 2 13 19 15 12 1 tl 11 17 16 

10 20 11 4 9 17 8 27 13 30 12 25 

159 4 159 0 145 2 1 50 

1 

2 155 1 3 160 2 

TABLE IV. Mean Error of a Single Observation in Right Ascension, FK3 Stars 

Unit ~001, Weight - Number of Stars 

Wt. 

5 

9 

4 

4 

9 

5 

9 

9 

13 

14 

16 

14 

20 

16 

12 

159 1 

oh to 3h 3h to 
5h 16h to 9h 9h to 12h 12h to 15h 115h to 18h 118h to 21h 

Val. Wt. Val. Wt. Val. Wt. Val. Wt Val. Wt Val. Wt. Val. Wt 

32 9 40 6 37 9 35 10 32 7 37 7 40 5 

30 7 32 5 36 5 28 4 31 8 31 7 29 9 

24 3 26 4 22 2 24 4 21 3 31 3 27 4 

26 3 24 4 25 2 25 4 25 3 23 3 24 4 

25 7 23 5 23 5 25 4 25 8 24 7 25 9 

25 8 28 6 27 9 26 lJ 27 7 24 7 29 5 

26 11 27 9 27 5 26 8 23 8 26 11 27 9 

25 11 27 17 23 14 24 12 21 12 29 15 31 9 

n 12 28 12 27 11 25 15 23 14 25 13 23 13 

30 16 26 16 25 19 26 10 26 12 27 15 25 14 

29 14 27 15 24 14 25 14 25 13 26 14 27 16 

25 20 27 16 25 14 24 16 24 13 27 16 ZR 14 

28 12 28 23 27 14 25 16 28 16 32 13 30 20 

30 16 35 10 32 13 29 15 34 18 32 17 34 16 

30 10 35 11 31 9 31 8 31 13 34 12 35 12 

28 159 29 159 27 145 1 26 150 27 155 1 29 160 

1 

29 1591 

21h to 24h I Mean 

Val. Wt. Val. Wt. 

19 7 13 60 

- 10 10 - 13 55 

- 44 3 -1 8 26 

-5 3 12 26 

-1 10 6 55 

5 7 4 59 

19 8 11 69 

2 12 4 102 

1 14 - 1 104 

- 9 14 -5 116 

-21 12 -6 112 

- 2 17 -1 126 

- 3 18 -5 132 

16 17 12 122 

35 10 24 85 

1 162 2 1249 

21h to 24h Mean 

V o l Wt Val. Wt 

35 7 36 61) 

31 10 31 55 

28 3 26 26 

23 3 24 26 

28 10 25 55 

25 7 26 59 

26 8 26 69 

25 12 25 102 

23 14 25 104 

24 14 26 116 

25 12 26 112 

25 17 26 126 

28 18 28 132 

33 17 32 122 

31 10 32 85 

27 162 28 1249 
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~ Decllnatlon 

F K4 

7 0°L to 8 cfl 

so°L to 9o°L 

80° to 90° 

60° to 70° 
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30° to 40° 
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l 0° to 2 0° 

0° to 10° 
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Mean 

Supp. 
No. .. t:. u. t:, 6 

2002 34 000 oz 

2010 24 000 01 

20211 31 000 01 

2031 21 000 02 

3941 25 000 02 

2071 ZR 000 OJ 

2073 ,3 000 00 

2084 25 000 00 

2089 21 000 00 

2115 20 000 00 

2120 36 000 01 

2173 ,4 - 001 -ùl 

2179 ,, 001 OJ 

21R7 40 000 01 

71o4 20 000 00 

2204 ,5 000 00 

2222 29 000 oz 

2236 21 001 01 
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TABLE VI Mean Error of a Slngle,Qb§ervation in Decllnatlon. FK3 Star_t. 
Un it \'01, We lght - Number of Stars 

Mean oh to 3n l 3n to sh 1 6n to gh I gll to 12° 1 12ll to 

Val. Wt Val. Wt. Val. Wt Val. Wt. Val . 

15° 15h to 18° 18u to 21h 121h to 

Wt. Val. Wt. Val . Wt . Val . Wt Val. Wt . 

51 9 

60 7 

54 3 

47 3 

4 9 7 

50 8 

42 11 

44 11 

4 3 12 

44 16 

4 1 14 

45 20 

4 7 12 

56 16 

59 10 

48 159 1 

FK4 
Supp. 

No . .. 
2249 28 

22A3 29 

2297 46 

2326 13 

231A 20 

2348 23 

2184 21 

23A7 21 

2457 22 

2477 14 

2491 23 

2558 ,4 

256A 21 

2604 53 

26"10 ,, 
26,, 29 

2649 27 

2658 26 

47 6 

5 1 5 

59 4 

4~ 4 

43 5 

46 6 

40 9 

4 1 17 

37 12 

42 16 

44 15 

45 16 

5 1 23 

52 10 

51 11 

46 159 

t:,u. t:. b 

001 01 

000 00 

000 OJ 

000 00 

001 00 

000 OJ 

- 001 OJ 

002 OJ 

- 001 -OJ 

000 - OJ 

000 01 

- 003 oz 
- 001 00 

- 009 01 

- 00] 00 

- 002 01 

-002 01 

- ùCl 00 

46 9 

56 5 

4 2 2 

52 2 

45 5 

42 9 

4 4 5 

44 14 

41 11 

41 19 

41 14 

4 4 14 

5 1 14 

53 13 

58 9 

46 145 

56 10 

57 4 

49 4 

5 1 4 

43 4 

51 10 

47 8 

4 ü 12 

4 3 15 

50 10 

4 5 14 

47 16 

4 9 16 

56 15 

5 5 8 

49 l 5ù 

54 7 

49 8 

50 3 

44 3 

51 8 

46 7 

44 8 

39 12 

41 14 

45 12 

45 13 

4 3 13 

53 16 

57 18 

57 13 

48 155 

53 7 

49 7 

5 2 3 

50 3 

47 7 

41 7 

45 11 

4 2 15 

46 13 

42 15 

45 14 

49 16 

5 2 13 

54 17 

59 12 

48 16 0 1 

57 5 

48 9 

49 4 

53 4 

49 9 

4 9 5 

44 9 

4 1 9 

4 0 13 

4 4 14 

44 16 

45 14 

5 5 20 

58 16 

58 12 

49 159 1 

TAB LE VI. Parallax Corrections for FK3 (Supp.) Stars 

FK4 FK4 FK4 
Supp. Supp. Supp. 
No. .. t:,u. t:,6 No. .. t:,u. t:.6 No. .. l:,u. 

2660 46 - 002 02 299 4 36 - 001 01 3243 30 - 00 1 

2724 4 2 - 001 0 1 1009 25 000 0" 32 4 A 46 - orJl 

2710 41 - 004 01 3020 21 - 001 02 1254 15 (H11) 

2719 20 - 001 00 3021 11 - 01)] r,2 3257 "'4 0(1(1 

2756 20 -001 0 1 3025 16 - 001 01 3259 41 - 001 

ZAZ6 20 - 001 0 1 3047 4 2 000 01 3293 40 - 00 1 

2A44 27 - 001 02 3083 30 00') 02 3305 ZR - 01)"1 

ZA46 27 - OOJ 00 3090 31 - 002 02 3124 ,o 00() 

2A52 3R - 002 02 3102 27 - 001 oz 3328 35 - 00) 

2A 55 29 - COZ 03 3103 23 - 00 ] 02 3193 , 1 - 001 

2R66 24 -002 02 3107 24 000 00 ,394 26 00(1 

2A79 2s - Oùl cc 3124 22 000 n2 3420 40 - 001 

291A 21 - 001 00 3 146 ,2 000 01 34,, 21 - 001 

2924 3A - 001 01 3160 15 0'.J') 02 3447 ?') - 001 

?9,A 2A - 001 01 1177 40 011" o, ,46'l 2, - nn1 

2961 27 - 001 02 3179 26 - 001 02 1513 20 OM 

2981 2, - 001 01 3185 26 - 001 01 3529 ,9 - 001 

2983 23 -001 01 3221 26 - 001 01 3530 29 - 0:Jl 

54 7 

48 10 

52 3 

51 3 

50 1 0 

50 7 

42 8 

45 12 

47 14 

49 14 

45 12 

49 17 

53 18 

57 17 

57 10 

50 162 

FK4 
Supp. 

t:.6 No. 

02 3536 

02 1 544 

02 "1571 

02 16 110 

01 1611 

03 3654 

1)2 "1656 

01 1666 

03 3693 

02 1 7 l l 

01 1716 

0 1 '1 965 

02 1 7 5 

02 ,796 

OJ "IA,'A 

02 ,A57 

1) l , R6, 

01 3919 

52 6 0 

5 2 5 5 

51 26 

50 26 

48 55 

47 59 

4 4 69 

42 10 2 

4 2 10 4 

44 1 16 

44 11 2 

46 126 

52 112 

56 12 2 

57 A5 

4 8 1249 

.. t:.a 

46 - 005 

2 7 - no1 

16 - 1) 1) ) 

"I l - 00 1 

2 1 000 

20 OO 'l 

·:n 001 

12 - 001 

10 - 002 

50 - 00 1 

22 0()(1 

11 - f\')S 

22 - 001 

21 oon 

,o - no, 

25 'll)n 

16 - 00 1 

3R - 001 

t:.I 

1) 3 

01 

0 3 

02 

oz 
0 2 

1)3 

07 

02 

01 

01 

oz 

02 

'll 

"" 
nJ 

02 

03 
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TABLE VII. Comparison of PZT Stars with F K3 Stars of the Zenlth Zone 

R.A. oh to 3h 3h to 6h 
j6h to 

9n 9h to 12n 12h to 15h 15h to 18h 1sn to 21h 21h to 24h I Mean 

Val. Wt . Val. Wt Val. Wt. Val. Wt Val. Wt. Val. Wt. Val. Wt . Val. Wt. Val, Wt. 
Declinatlon 

1 

Right Ascension 
Unit '!001., Weight - Number of Stars 

PZT - 4 18 - 8 20 - 15 20 -8 20 - 5 19 - 5 21 - 8 21 - 2 21 - 7 160 

FK3 - 8 11 -1 3 17 - 7 14 -0 12 - 10 12 - 12 15 - 8 9 - 11 1 2 - 9 102 

Declination 
Unit 1)01 , Weight - Number of Stars 

PZT 12 11:l 7 20 -11 20 -7 20 -10 19 12 21 7 21 9 21 2 160 

FK3 6 11 12 17 4 14 4 12 - 4 1 2 1 15 5 9 2 12 4 102 





Part I 

CORRECTIONS TO THE 1108 FK3 ST ARS 

The differences are in the form observed minus 
FK3. The mean epoch and the number of obser
vations in each co-ordinate are given. 

The observations at lower culmination are listed 
separately at the end. 
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OBSERVED - fK3 Il 
OB S ERV ED - F K 3 

FK4 No. .ô.a Epoch No. 1 .ô. ô 1 Epoch I No.JJFK4No.J .ô.a 
1 

Epoch 
1 No., .ô. ô 

1 
Epoch 

1 
No . 

905 . 008 61 . 69 11 . 01 62 . 38 10 41 . 048 58 . 45 36 . oo 58 . 55 35 
1002 • i.J 00 59 . 66 10 - . lù 60 .1 6 12 1032 -. 004 60 . 16 11 . 14 60 . 37 12 
1003 - . 003 60 . 99 10 . u9 60 . 99 10 43 . 003 60 . 73 14 - . 04 61.29 14 

1 -.010 58.26 14 -. J4 58 . 45 13 1033 . 009 59 . 44 40 . 14 59 . 62 39 
2 . 009 58.50 25 . 23 58 . 37 24 1034 . 014 58 . 33 59 . 09 58 . 61 54 

4 -.009 57 . 34 16 • 28 57 .1 8 17 45 - . 012 58 . 92 18 - . 11 58 . 95 15 
7 -.004 58 . 01 15 -.02 58 . 01 15 1035 - . 019 58 . 33 25 - . 02 58 . 27 26 

1004 -. 009 59 . 57 12 -. 12 59 . 81 13 47 -. 009 60.69 17 . 03 60 . 86 17 
1005 . ooo 57 . 84 19 - . 23 58 . 03 17 1037 - . 013 57 . 12 28 . 10 57 . 21 26 
1006 -. 028 57 . 56 17 -. 18 57 . 66 15 46 -. 018 57 . 36 16 . 19 57 . 61 16 

9 . 017 59.9c 13 - . 51 60 . 27 12 48 . 024 59 . 81 14 . 16 59 . 98 12 
1007 -. 065 59. lL 8 - . 28 59 . 39 lL 1039 . 010 60 . 68 13 - . 18 6 0 . 68 13 
1008 -.003 57 . 70 38 . o o 57 . 83 ::J6 1041 - . 035 59 . 49 15 . 46 60 . 0 1 15 
1009 - . 024 58. 4::J 14 -. 06 58 . 56 13 1040 . 051 57 . 79 13 - . 06 57 . 93 14 
1010 -. 007 58 . 28 47 . 06 58 . 60 46 1043 -. 025 59 . 81 15 . 45 59 . 93 15 

1011 -. 010 57.58 35 . 40 57 .77 30 1042 - . 018 59 . 34 22 . 06 59 . 74 21 
1012 . 001 59 . 1::J 14 . 26 59 . 13 14 50 . 008 58 . 63 13 . 07 58 . 86 14 

13 -. 007 58 . 11 54 -. 23 58 . 46 47 1045 -. 019 58 . 40 15 -. 02 58 . 40 15 
14 . 026 59 . 77 12 - . 01 59 . 66 10 10 46 -. 009 58 . 28 31 -. 04 58 . 56 29 
16 . 045 58 . 36 31 . 13 58 . 57 30 51 . 057 59 . 22 11 - . 09 59 . 22 11 

17 . 016 58 . 34 n . 35 58 . 45 19 52 -. 015 60 . 75 14 . 28 61.02 11 
18 -.013 58 . 58 16 - . 13 58 . 75 13 55 . 034 57 . 50 16 • 11 57 . 41 15 
19 . 004 58.35 13 - . 04 58 . 65 14 56 . ooo 59 . 21 39 . 14 59 . 46 35 
20 -.034 57.26 18 . 04 57 . 17 17 1047 . ooo 58 . 86 13 . 37 59 . 42 11 
21 . 014 58.44 14 . 31 58 . 48 13 1049 -. 021 58 . 54 15 . 04 58 . 81 14 

22 • u 11 59. 4::J 12 . 19 59 . 34 12 57 -. 010 58 . 97 15 . 20 59 . 91 14 
25 -. 018 57 . 76 21 - . 03 57 . 76 21 59 . 002 59 . 85 11 . 14 60 . 09 12 
24 -.003 57.93 ::J4 . 22 57 . 98 30 60 . ooo 57 . 44 24 . 08 58 . 05 21 
27 -.007 59 .1 0 14 -.1 9 58 . 90 13 61 . 008 62 . 17 9 . 52 61.55 11 

1018 . 015 60 . 50 12 . 58 60 . 89 12 1050 . 025 58 . 99 12 - . 20 59 . 20 13 

1019 . 005 57 . 50 33 . 31 57 . 55 28 1051 . 006 59 . 06 37 -. 0 1 59 . 26 36 
28 . 015 58.25 18 -. 03 58 . 25 16 907 - . 358 57 . 90 15 . 26 58 . 07 13 

1020 -. 005 58 . 97 13 • 16 59 . 23 12 1052 . 029 58 . 14 13 - . 15 58 . 14 13 
1021 -. 019 59.03 11 • 18 60 . 03 10 62 . 002 60 . 4 6 19 -. 06 60 . 58 20 

30 . 004 58.41 j,:' - . 29 58 . :,4 26 64 . 012 59 . 66 11 - . 1 7 60 . 29 11 

29 . 004 60 . 07 11 -. 03 60 . 42 11 63 . 074 58 . 7 5 10 . 25 59 . 11 11 
1022 . ooo 57 . 95 56 -. OR 58 . 02 55 65 -.004 58 . 33 22 . 10 58 . 17 24 

32 . 037 60.38 12 . 09 60 . 18 13 66 -. 007 59 . 53 12 - . 10 59 . 53 12 
33 -. 022 58.6,:' 14 - . 08 59 .42 15 71 - . 009 58 . 51 16 . 20 58 . 88 12 

1023 . uo9 59 . 40 10 . 27 59 .4 0 10 1054 -. 003 58 . 69 18 - . 01 58 . 69 18 

1024 . 001 58.41 26 -.1 0 58 .74 24 70 . 024 58 . 64 21 - . 09 58 . 51 20 
1025 -.036 59 . 08 11 -. 21 59 . 64 13 73 - . 049 59 . 16 12 - . 03 59 . 16 12 

::J6 -. 006 58.25 25 . 01 58 . 93 22 74 . 014 58 . 25 17 - . 11 58 . 44 1 7 
37 . 001 58.00 19 - . 11 58 . 02 17 75 . 00 4 59 . 66 13 . 0 1 59.66 13 

906 -.207 58.55 37 .1 3 58 . 75 38 1056 . 014 60 . 29 11 - . 16 60 . 65 13 

1028 -.002 58 . 81 14 . 03 58 .46 14 1635 - . 327 58.08 29 . 38 58 . 08 29 
1029 -.032 59 . 96 10 .45 60 . 91 11 7 7 - . 027 61 . 28 10 . 40 61 . 41 11 
1030 • O::J9 59 . 3l.J 11 - . 30 59 . 35 10 1057 . 001 61 . 37 10 . 28 61 . 64 11 

40 . 001 60 . 78 13 -. 21 61 . 38 13 1058 . 02 1 59 . 50 12 . 12 59 . 50 12 
42 -.017 59.22 11 • :i.\4 59 . 51 12 76 . 083 61. 80 10 - . os 61.64 11 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-196~ 239 

OBSER V ED - F K3 li O BSERVED - FK3 

FK4 No. A a Epoch No . 1 A.5 1 Epoch No. Il FK4 No. 1 A a 
1 

Epoch 1 No.1 A.5 1 Epoch 
1 

No . 

1059 . 010 59 . 34 13 - . 36 59 . 34 13 1091 . 00 7 59.57 27 -.30 59.72 26 
79 . 019 58 . 76 11 - . 19 58 . 76 11 115 - . 069 60 . 12 43 -.01 60.14 44 
80 . 005 59 . 30 22 . 21 59 . 30 22 1093 . 004 60 . 07 30 - . 06 60 . 18 29 
tl 1 . 012 61 . 1:; 13 - . 14 61 . 13 13 1094 . 006 59 . 59 14 . 29 59.59 14 

1061 . 004 58 . 84 17 -. 32 58 . 85 16 1636 - . 401 58 . 19 42 . 01 58 . 29 39 

1063 - . 007 58 . 15 14 - . 33 58 . 15 14 1096 . 035 60 . 14 14 -.01 60 . 33 15 
1064 -. 012 60 . 64 10 . 02 60 . 06 10 120 - . 027 60 . 58 11 .05 60 . 52 12 

83 -. 030 59 . 68 12 - . 06 59 . 68 12 121 - . 003 61 . 12 16 - • 12 61 . 12 16 
1066 - . 002 61 . 49 33 - . 10 61 . 50 32 123 - . 007 60 . 93 24 -. 16 60 . 93 24 
1068 . 021 58 . 57 19 - . 12 58 . 57 18 122 - . 022 58 . 99 20 .30 59 . 32 18 

85 . 006 58 . 68 40 . 10 58 . 92 40 124 - . 001 58 . 64 14 . oo 58 . 64 14 
106 9 . J09 58 . 85 11 . 03 58 . 85 11 125 -. 011 60 . 73 14 - . 30 60 . 65 13 
1070 . ù05 59 . 92 9 -. 32 59 . 92 9 1097 -. 006 59 . 48 52 -.28 59 . 60 51 
1071 -. 015 59 . 45 10 . 26 59 . 75 11 1098 . 001 59 . 52 11 - . 04 59 . 52 11 

87 . 051 60 . 20 18 . 03 60 • 55 15 127 . 001 60 . 87 25 - . 06 61 . 02 24 

1072 . 0 1 5 59 . 17 28 . 36 59 . 45 25 1099 . 009 59 . 05 15 . 33 58 . 84 11 
10 73 -. 003 60 . 66 24 . 12 60 . 66 24 1100 . 012 60 . 63 15 - . 03 60 . 63 15 
1074 . oos 59 . 64 20 . 36 59 . 62 18 1101 - . 007 58 . 83 53 -.06 58 . 94 53 

89 . 022 58 . 60 18 . û6 58 . 59 17 1103 - . 023 58 . 97 13 - . 25 58 . 97 13 
91 0 . 000 59 . 7tl 67 - . 18 59 . 84 69 129 - . 004 58 . 93 25 . 30 59 . 16 24 

92 . 063 59 . 22 13 . 10 59 . n 13 131 -. 017 59 . 31 13 . 19 59 . 60 12 
94 . 017 59 . 72 8 -. 42 59 . n. 8 135 - . 013 58 . 92 13 o. oo 59 . 16 12 
93 -. 012 60 . 92 11 . 18 61 . 30 12 134 - . 041 61 . 52 12 . 25 61.49 10 

1077 -. 022 60 . 94 11 . 21 60 . 94 11 136 . 003 60 . 89 10 . 04 60 . 89 10 
97 -. 022 6 1. 19 10 . 17 61 . 00 9 137 -. 003 57 . 77 19 - . 12 58 . 00 17 

1078 -. 023 61 . 43 11 . 13 61 . 99 10 1104 . 007 58 . 49 16 - . 33 58 . 65 15 
98 . ooo 58 . 2:; 2.4 . 09 58 . 38 23 139 - . 004 59 . 68 11 . 08 59 . 63 13 
99 -. 022 58 . 64 19 -. 07 58 . 93 16 140 - . 023 60 . 51 11 . 24 60 . 28 10 

100 -. 006 58 . 41 14 -. 15 58 . 35 12 138 - . 036 59 . 32 10 . 15 59 . 32 10 
1079 -. 018 60 . 80 11 . 17 60 . 80 11 142 . 003 61 . 76 10 . 09 61.78 11 

102 -. 001 61 . 27 11 . 34 61 . 82 10 1105 - . 003 60 . 54 14 . 39 60 . 44 15 
103 -. 022 59 . 0 7 14 . 20 59 . 07 14 1106 -. 010 60 . 37 12 -.04 60 . 56 13 
104 -. 010 58 . 40 14 . 04 58 . 50 12 1107 . 011 59 . 16 23 .os 59 . 62 22 

1080 -. 012 59 . 66 14 . os 59 . 66 14 144 - . 004 61.60 11 • 11 61.60 11 
1081 -. 002 60 . 84 11 . os 60 . 84 11 147 - . 014 58 . 11 17 . 42 58.67 16 

1082 . 003 60 . 55 11 -. 27 60 . 43 10 149 - . 019 59 . 99 10 - . 29 60.15 11 
1083 . 009 59 . 06 47 . 12 59 . 13 46 148 - . 027 59 . 47 13 .06 59.50 14 

105 . 029 59 . 86 53 . 03 60 . 12 50 150 - . 020 60 . 89 27 .os 60.85 27 
107 -. 001 59 . 38 17 - . 10 59 . 61 16 1111 . 007 58 . 23 33 - . 04 58.30 34 

1084 - . 054 60 . 37 9 -. 43 60 . 54 11 151 . 010 61.07 25 -.06 61.07 25 

1085 -. 023 58 . 25 10 . 13 58 . 67 11 1112 - . 012 59 . 69 13 -.35 59.69 13 
108 - . 007 59 . 94 13 . 17 60 . 98 11 1113 - . 020 59 . 48 16 .14 59.68 17 
109 - . 010 59 . 79 13 . 02 59 . 58 14 152 - . 010 59 . 56 16 .os 59.56 16 
111 - . 021 59 . 46 18 . 16 59 . 54 17 1115 - . 011 58.79 21 - . 27 58.93 20 

1087 -. 052 61 . 21 11 - . 21 61. 15 10 1116 - . 017 58.98 14 -.21 58.77 13 

112 - . 010 59 . 66 16 - . 26 59 . 71 14 154 - . 004 58 . 73 33 .02 58.99 30 
1088 . 003 58 . 28 18 - . 15 58 . 46 18 1117 -.009 60.37 11 .31 60.37 11 

114 . 003 58 . 91 15 - . 24 59 . 13 14 1118 - . 003 58.92 31 -.11 59.15 30 
116 - . 0 14 59 . 68 56 - . 2ù 59 . 73 54 159 - . 015 59 . 93 10 -.03 59.93 10 

1089 - . vol 59 . Qj 15 . 14 59 . 49 12 158 - . 006 59 . 78 10 .03 59.60 11 
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OBSERVED - FK3 Il OBSERVE D - FK3 

FK4 No. t.a Epoch No. 1 t. ô 1 Epoch I No. Il FK4 No. 1 t. a 
1 

Epoch 
1 No., t. ô 1 Epoch 1 No. 

1119 -.ùj4 62 . tU 10 - • 16 6;' . 81 8 198 -. ù47 62 . 11 12 . 24 62 . 52 12 
161 - .OU:l 61.92 7 . 18 61 . 76 6 1147 -. 008 59 . 62 28 . 31 59 . 58 27 
908 -.3j2 59. 16 32 . 08 59 . 38 j;' 201 . 003 61.06 25 . 48 61 . 34 25 
162 -.017 59 . 34 14 . 01 59 . 40 12 202 -. 022 59 . 39 13 - . 07 59 . 39 13 

l!LO . 015 59 . 73 28 - . 07 59 . 66 27 1148 -. 007 58 . 36 14 . os 58.36 14 

1122 . 050 60 . 75 16 -.18 60 . 68 15 203 -. 003 59.68 29 -. 11 59 . 78 30 
164 • ù 18 59. :il 11 • 2;' 59 . 80 12 2ù4 -. 013 58 . 6;' 14 . 4j 59 . 21 12 

1123 . 013 58 . 52 j2 . 13 58 . 62 ;'8 1150 -. 006 58 . 00 20 - . 13 58 . 10 21 
165 - . 003 59 . 68 18 -. 10 60 . 08 16 206 . 003 59 . 68 23 -. 31 59 . 92 21 

1124 -.020 59 . 14 14 . 32 58 . 99 13 1151 -. 003 60 . 48 13 . 07 60 . 48 13 

1125 . 005 61 . 06 13 -. 13 60 . 90 12 207 . 006 61 . 39 9 -. 09 61 . 46 10 
168 -.015 61 . 16 12 . 07 61 .1 6 12 208 . 004 56 . 67 27 - . 05 56 . 67 25 
169 -. 016 58 . 04 ;'6 . vl 58 . 31 25 209 -. 008 61.36 10 -. 15 61 . 36 10 
172 -.028 60 . 55 11 . 46 61. 80 11 205 . ü67 58 . 84 13 . 30 58 . 76 13 

1127 - . 040 60 .1 2 11 . 19 61.14 9 210 . ùl3 61 . 17 10 -. 37 61 . 17 10 

1126 -.014 58 . jQ 12 -.26 58.44 11 211 . 003 58 . 31 13 -. 03 58 . 80 11 
174 -.005 60.11 11 . 12 60 .1 1 11 1153 -. 035 60 . 70 9 . 39 60 . 81 10 

llL8 -.Ojl 59 . 61 11 . 30 59 . 61 11 216 -. 017 58 . 36 24 . 23 58 . 45 24 
1131 . 028 59 . 30 29 . oz 59 . 31 L8 217 -. 026 59 . ;>Q 15 -. 08 59 . 83 13 

173 -.003 60 . 14 41 . 24 60 . 56 35 218 -. 002 58 . 92 12 -. oz 58 . 92 11 

176 . 001 59 . 55 u -.04 59 . 55 u 219 - . 036 62 . 12 11 . 53 62 . 13 9 
175 . 005 59 . 95 11 . os 59 . 95 11 220 -. 006 61 . 00 16 . 07 61 . 07 17 

1133 -.008 58 . 71 13 . 19 58 . 71 13 1638 -. 075 59 . 24 20 . 01 59 . 40 22 
1134 -.001 60 . 43 15 . oo 60 . 33 14 1155 . 007 58 . 16 26 -. 59 58 . 81 16 
1135 . 010 59 . 47 12 -. 12 59 . 77 11 221 . 006 58 . 64 16 -. 06 59 . 00 12 

179 -.006 60 . 84 14 -.04 60 . 84 14 222 -. 018 6 1. 62 12 . 17 61 . 58 11 
178 -. 041 59 . 20 19 -. zo 59 . 33 16 1158 -. 012 60 . 17 14 . oz 61 . 00 11 

1136 . 011 61.33 12 - . 22 61.33 12 1157 . ooo 60 . 67 12 . oz 60 . 67 12 
180 .005 61 . 02 24 . 01 61 . 02 24 224 -. 018 60 . 39 18 . 01 61 . 05 17 
181 -.001 59 . 00 16 -. 01 59 . 20 15 226 - . 021 61.32 11 . 63 61 . 24 10 

183 -.035 60 . 03 16 . 33 59 . 83 13 225 -. 030 60 . 26 10 . 13 60 . 26 10 
182 -.011 58.78 27 -. oz 59 . 24 25 227 -. 011 60 . 48 10 - . 10 60 . 63 11 

1137 -.016 59.92 14 - . 13 60 . 00 13 1161 -. 004 58 . 22 50 . 17 58 . 58 48 
184 -.008 58 . 47 19 -.04 58 . 95 14 1162 -. 008 60 . 88 10 -. 40 60 . 88 10 

1140 -.012 58 . 85 17 . 24 59 . 02 16 1163 -. 011 59 . 77 13 . zo 59 . 94 14 

185 -.019 60 . 04 19 -. 05 60 . 21 17 230 . 006 59 . 10 69 . 21 59 . 27 65 
186 -.005 61 . 18 15 -. 07 61.07 13 232 . ooo 58 . 42 20 -. 01 58 . 56 18 
188 - . 004 60.99 28 -.12 60 . 96 27 1165 -. 030 58 . 36 13 -. 03 58 . 98 13 

1142 .005 58 . 89 n -.11 59 . 15 25 233 -. 014 59 . 27 49 -. 30 · 59 . 25 49 
1141 -.024 59 . 91 13 . 30 59 . 91 13 1168 -. 002 59 . 44 12 - . 08 59 . 46 11 

190 .ooo 59 . 16 21 . 10 59 .1 2 18 1167 -. 023 60 . 98 11 - . 27 60 . 95 11 
192 . 016 58.60 18 .18 58.60 18 234 . 027 61 . 15 10 - • 12 61 . 24 11 

1144 - .015 60.69 13 . 33 60 . 60 12 1169 -. 002 57 . 73 25 . 09 57 . 93 24 
194 - . 015 61.08 25 -. zo 61.08 26 237 -. 003 60 . 19 14 . 26 60 . 19 14 
193 - . 034 59.3tl 14 . 08 59 . 38 14 1170 -. 009 58 . 74 63 . 07 58 . 97 60 

1637 - • ;,9 5 58 . 16 20 . 44 58 . 36 20 241 -.004 57 . 89 15 • 15 58 . 17 13 
191 -.002 59 . 61 'é..7 -.oz 59.73 25 243 -. 015 60 . 60 11 . 13 61 . 14 10 
195 -.ù03 61.04 21 . 12 61.04 21 242 -. 026 61.26 12 . 14 61 . 38 13 

1145 -.011 60.57 12 . 29 61.J . 91 u 244 -.025 58 . 07 25 - . 13 58 . 15 24 
1146 -.005 61.83 11 ., 7 61 . 73 10 1171 -. 040 58 . 37 15 . 05 59 . 10 14 
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O BSER VE D - FK3 Il OBSERVED - FK3 

FK4 No . Aa Epoch No . 1 A6 1 Epoch No. lkK4 No. 1 Aa 
1 

Epoch 1 No.1 A6 1 Epoch 1 No. 

1172 -. 020 60 . 09 12 . 11 59 . 72 13 1197 - . 00 1 60 . 58 10 - . 05 60 . 77 10 
246 - . 002 59 . 15 64 - .35 59 . 44 58 289 . 008 58 . 05 47 - . 03 58 . 12 46 

1173 -. 015 60 . 13 12 . 21 60 . 28 13 291 - . 022 60 . 31 13 . 36 60 . '34 15 
1174 - . 002 58 . 66 21 . os 58 . 79 20 292 .035 58 . 87 14 - . 03 58 . 62 13 
1175 . 022 59 . lL 18 . 13 59 . 24 18 293 -. 003 57 . 67 28 .08 57.74 26 

249 . 001 62 . 19 10 . 23 62 . 20 10 294 - . 006 56 . 58 12 -.27 56 . 58 12 
24 7 . 006 57 . 51 12 • 01 57 . 51 12 295 . 001 60.30 12 - . 10 60 . 44 13 
251 -. 006 58 . 9L 12 • 18 59 . 17 11 12 00 -. 018 58 . 98 10 - . 26 58.98 10 
250 . 005 58 . 27 12 . 18 58 . 51 10 1199 . 012 59 . 51 11 . 07 59 . 52 11 
248 - . 019 58 . 91 49 . 06 59 . 06 49 12 0 1 - . 001 58 . 08 32 - . 27 58.04 31 

254 -. 002 57 . 84 18 . 20 58 . 12 15 1202 - . 008 61 . 64 11 - . 47 61 . 77 13 
256 -. U04 58 . 44 13 . 31 58 . 44 13 296 - . 036 58 . 73 13 -. 18 58 . 53 13 
25 7 -. 039 61 . 51 12 . 0 1 62 . 15 10 1204 -. 010 58 . 50 11 - . 02 58 . 83 10 
255 -. 036 59 . 41 15 . 04 59 . 82 15 1205 . 002 58 . 41 47 - . 15 58 . 34 49 

1177 . 004 58 . 62 48 - . 07 58 . 86 45 1207 -. 011 59 . 72 13 - . 12 59 . 76 12 

1176 -. 002 60 . 07 12 - . 07 60 . 07 12 299 . 017 57 . 91 20 -. 03 57 . 80 19 
258 . 003 58 . 14 24 . 0 4 58 . 18 24 1208 . 012 57 . 88 15 . 04 57 . 90 16 

11 79 . 008 58 .7 3 29 -. 53 58 . 93 27 300 . 046 59 . 05 24 -. 20 59 . 04 23 
259 . 022 58 . 74 14 . 13 59 . 10 14 1209 - . 009 57 . 73 14 - . 18 57 . 73 14 
261 -. 010 58 . 43 16 . 13 58 . 98 13 304 . 019 57 . 45 34 - . 27 57 . 49 33 

266 -. ùlO 58 . 66 41 -. 01 58 . 80 36 302 . 107 58 . 18 13 - . os 58 . 52 14 
260 . 020 59 . 20 34 . os 59 . 29 32 1212 . 036 61 . 85 10 . 17 61 . 85 10 

1181 . 022 58 . 97 58 . 39 59 . 15 57 1211 . 015 60 . 50 11 . 05 60 . 50 11 
1182 -. 014 58 . 22 13 . 17 58 . 22 13 1213 - . 024 57 . 84 36 . 33 58 . 06 36 

270 - . 003 6 0 . 18 12 . 29 60 . 58 10 305 . 009 57 . 61 13 . 08 57 . 61 13 

269 . 004 58 . 01 18 • 11 57 . 97 15 307 . 008 59 . 27 13 . 03 59 . 27 13 
27 1 -. 023 59 . 43 10 . os 58 . 87 12 1639 - . 079 57 . 35 27 . 03 57 . 28 26 

1185 . 022 58 . 64 44 -. 13 58 . 71 41 308 -. 007 62 . 17 10 -. 10 62 . 24 9 
273 . 001 62 . 23 13 -. 01 62 . 24 12 1214 . 049 60 . 89 11 - . 77 61. 00 12 

1186 -. 015 57 . 46 34 -. 03 57 . 59 31 1215 . 034 60 . 48 13 - .37 60 . 50 12 

274 - . 002 60 . 43 13 . 03 60 . 56 14 311 . ooo 61 . 71 9 - . 06 61 . 75 10 
1187 -. 003 58 . 13 32 - . 15 58 . 14 29 310 . 094 58.95 46 . 09 58 . 82 44 
1188 . 003 58 . 23 18 -. 17 58 . 36 17 312 . 005 60 . 56 17 - . 11 60 . 51 17 
1190 - . 026 58 . 70 16 -. 21 58 . 82 16 1216 - . 045 56 . 79 26 . 10 56 . 82 25 

276 . 017 58 . 13 19 - . 03 58 . 25 17 1218 . 055 57 . 71 31 .23 57 . 78 36 

277 . 003 58 . 67 13 -. 32 58 . 64 12 1217 . 007 59.66 13 . 20 60 . 11 13 
279 -. 006 57 . 87 15 . 03 57 . 99 14 314 - . 023 57 . 80 22 . 21 57.80 22 
909 -. 616 58 . 25 25 . 10 58 . 51 29 1220 . 008 58 . 18 16 . 08 57 . 94 17 
280 . 008 58 . 33 19 . 23 58 . 19 16 1221 -. 007 57 . 58 12 - • 15 57 . 58 12 

1191 - . 007 57 . 64 16 - . 07 57 . 74 15 316 - . 002 59 . 87 25 -.04 59.87 25 

282 . 001 58 . 53 11 . 36 58 . 55 10 1222 . 015 58 . 42 14 .12 58 . 12 14 
1192 - . 005 60 . 69 10 - . 11 61 . 47 10 317 . 011 58 . 36 22 - .12 58 . 13 21 

285 . 002 59 . 95 14 - . 15 60 . 09 15 320 - . 004 59 . 34 13 .oo 59.34 13 
284 - . 009 58 . 20 16 . 05 58 . 51 14 321 - . 004 59 . 80 10 -. 05 60.01 11 
286 . ùl6 58 . 49 13 . 13 58 . 49 13 322 . 095 58 . 83 11 . 24 59.11 12 

1193 -. 014 58 . 46 39 - . 25 58 . 44 39 1223 - . 004 57.18 44 .19 57.18 42 
287 - . 018 58 . 01 14 • 44 58 . 85 10 323 . 002 60.11 13 .05 60.28 11 
288 . 036 59 . 17 14 . 67 59.43 9 1224 . ooo 60.20 17 -. 02 59.85 18 

1196 . 005 58 . 26 12 - . 08 57 . 93 11 1225 . 004 59.01 12 .10 58.88 13 
1195 - . 008 59 . 33 12 . 01 59.33 12 325 . 007 57.35 32 . 03 57.40 '34 
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OBSERVE D - FK3 Il O BSER V ED - FK3 

FK4 No. D.a Epoch No. 1 6 6 1 Epoch I No. llFK4 No. 1 D. a 
1 

Epoch 1 No. , D. 6 1 Epoch l No. 

l 22t! - . 011 57 . 7t! 18 . 07 57 . 78 18 373 -. 030 60 . 50 14 . 18 60 . 81 13 
326 . ooo 58 . 52 14 - . 09 58 . 68 12 1257 . 014 57 . 73 40 . 14 57 . 88 36 

1229 -.084 60 . 74 11 - . 56 60 . 69 8 372 . 007 59 . 08 20 .1 7 59 . 23 19 
328 . ùOO 59 . 11 13 - . 12 59 . 35 12 374 . 012 58 . 53 13 . 16 58 . 53 13 

1230 . 007 58 . 78 31 - . 14 58 . 90 30 376 . 015 58 . 06 38 -. os 58 . 08 17 

334 - . 008 59 . 98 27 - . 01 60 . 37 25 378 . 002 57 . 94 37 -. ()5 58 . 07 35 
1231 - . 029 5R . 91 10 . 28 60 . 11 lù 1258 -. 023 58 . 78 12 -. 24 59 . 03 13 

337 - . ul4 58 . 11 39 -. 04 57 . 96 36 1259 . 004 57 . 54 30 . 11 57 . 65 28 
335 - . 027 59 . t!5 12 . 34 59 . 90 11 1260 - . 067 59 . 09 14 - . 11 58 . 84 10 

1232 . 010 59 . 01 L:' -. 01 59 . 01 12 1261 - . 005 60 . 35 11 . 23 61 . 08 12 

339 . ooo 58 . 43 16 . 16 5t! . 44 16 379 . Ull 59 . 22 1~ . 14 59 . 22 12 
338 . 016 58 . 66 20 . oo 59 . 15 17 380 -. 015 59 . 74 22 -. 02 59 . 76 21 

1235 . 012 58 . 03 44 - . 50 57 . 87 39 31'11 - . 010 58 . 37 19 -. 21 58 . 31 18 
341 . 008 60 . 57 13 . 01 6û . 59 14 384 . 009 5H . 61 12 . 01 5R . 61 12 
340 . 038 59 . 66 14 - . 11 59 . 93 13 383 -. 019 59 . 22 11 . 18 59 . 14 13 

1236 - . 025 57 . 94 35 - . 21 58 . 07 32 1262 . 016 59 . 37 14 . 02 59 . 39 13 
1237 - . Où8 57 . 59 13 . 24 57 . 56 14 1263 . 007 56 . 63 20 -. 16 56 . 64 17 
123t! . 011 57.07 15 -. 22 57 . 21 15 1266 . 001 57 . LS 28 -. 19 57 . 47 23 
1640 - . 103 56 . 87 19 . 3u 57 . ul 18 386 -. ùû8 60 . 46 13 -. 07 60 . 53 10 
1239 . 001 60 . 32 10 - . 01 60 . 32 10 1267 -. 022 59 . 00 14 . 09 59 . 31 13 

1240 . uo4 58 . 19 17 . 67 58 . 85 le 387 . 043 57 . 90 15 -. 18 58 . 3 1 15 
1242 - . 025 56 . 74 15 . 39 56 . 99 13 388 . 005 58 . 04 33 -. 03 58 . 06 3 1 

346 - . 004 58 . 11 25 -. 09 58 . 14 22 389 -. 030 60 . 82 12 -. 33 6 1. 33 11 
347 - . 011 60 . 22 32 . 15 60 . 22 32 390 -. 012 59 . 58 12 . 17 59 . 60 11 
350 - . 005 58 . 00 24 . 12 58 . Ot! 23 911 -. 056 57 . 55 53 . os 57 . 54 54 

352 - . 007 58 . 74 17 -. 35 58 . 71 16 1270 . 004 57 . 14 15 -. 26 57 . 28 14 
1243 . 001 60 . 10 10 . 08 60 . 10 10 1271 -. 019 60 . 43 10 . 07 59 . 95 11 
1244 - . 011 58 . 95 16 - . 27 58 . 93 15 394 . 013 61 . 15 11 . 18 61 . 15 11 
1245 - . 002 58 . 36 56 - . 07 58 . 51 52 1272 -. 004 59 . 96 12 • 16 59 . 96 12 

354 - . J06 5t! . 85 36 . 10 58 . 9t! 35 396 - . 010 59 . 82 11 - . 12 59 . 77 10 

355 . u37 57 . St! 19 - . 14 57 . 58 19 395 . 027 57 . 42 17 . 09 57 . 65 15 
1246 . 017 55 . 83 13 - . os 55 . 75 13 399 - . 010 60 . 05 9 . 14 59 . 76 8 

358 - . u07 59 . 86 10 - . 15 59 . 86 10 398 . 004 58 . 25 11 - . 16 58 . 05 10 
357 . 035 60 . 07 12 . oz 6U . 07 12 1274 . 026 57 . 62 48 . 07 57 . 69 47 
910 - . 061 58 . 84 44 - . 27 59 . 14 36 1275 - . 009 58 . 57 16 - . 14 58 . 53 15 

1247 . 025 60 . 62 10 . 29 60 . 75 11 404 . 006 58 . 08 58 -. 13 58 . 05 57 
360 . 008 57 . 40 15 - . 01 57 . 26 14 403 -. 002 58 . 4R 17 -. 01 58 . 48 17 

1249 - . 013 58 . 18 49 . 04 58 . 28 49 1276 . 006 58 . 64 12 . 09 58 . 57 11 
1250 - . 010 57 . 42 35 - . 17 57 . 60 32 405 -. 013 57 . 23 20 - . 21 57 . 43 20 

364 . 007 60 . 30 10 . 29 60 . 30 1 0 407 . 011 57 . 68 14 - . 26 57 . 68 14 

363 .vsz 58 . 57 15 • 08 58 . 47 13 1278 . 003 57 . 92 50 . 04 58 . 06 42 
365 . ùU4 58 . 40 13 - . 24 58 . 08 12 1279 . 023 59 . 13 12 • 06 59 . 39 11 

1251 . ù25 57 . 39 13 . 43 56 . 79 14 1280 -. 028 6 1. 48 11 . 43 61 . 53 12 
1252 . u28 58 . 21 13 - . 36 58 . 12 12 409 - . 002 57 . 44 44 - . 29 57 . 56 40 

367 . 003 58 . 10 16 - . os 58 . 55 13 410 - . 030 61.54 12 • 11 61 . 48 11 

1253 - . 010 58 . 21 13 - . 13 58 . 60 12 1281 . 001 58 . 53 15 -. 08 58 . 61 14 
1255 - . 006 57.40 :Cil . 09 57 . 39 28 412 - . 012 58 . 29 20 . 07 58 . 23 16 

368 . 006 57 . 77 1, - . 15 57 . 77 1, 413 . 042 57 . 39 19 . 20 57 . 65 17 
370 . 006 58 . 42 44 . oz 58 . 33 41 1282 -. 013 59 . 46 12 . 12 59 . 21 13 
371 .003 57 . 58 16 - . 09 57 . 67 15 1283 - . 015 62 . 15 11 . 32 62 . 15 11 
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OBSERVED - FK3 Il OBSERVED - FK3 

FK4 No. .:icx Epoch No. 1 .:i ô 1 Epoch No.11 FK4 No. 1 .:i ex 
1 

Epoch 1 No . , .:i ô 1 Epoch 
1 

No . 

1284 . ûll 57 . 06 24 -.24 57 . 09 21 454 . 060 58 . 43 29 .02 58.65 25 
416 -.004 58 . ù3 13 . 25 58 . 19 12 1314 . ooo 57 . 00 19 - . 18 56 . 73 19 

1285 -. u09 57 . 54 35 . 31 57 . 72 31 456 . 019 58 . 33 12 -.01 58 . 69 11 
417 . 002 57 . 68 12 . 28 57 . 76 12 457 -.028 60 . 82 9 . 28 60 . 57 10 
418 . 001 57 . 83 29 -.os 57 . 94 26 458 -.024 58 . 68 11 . 19 59 . 11 10 

419 . ous 61.06 11 . û5 60 . 94 10 1315 . 004 58 . 41 23 -.20 58 . 28 22 
1286 -. 014 57.02 15 . 84 56 . 92 14 460 -.008 58 . 63 24 -.18 58 . 82 23 
1287 -. 008 56.97 24 -.08 57 . 09 23 1316 -.045 59 . 15 13 - . 18 59 . 15 13 

420 -. 012 57.94 14 - . 21 57 . 94 14 1317 -.ou2 57 . 92 21 .1 0 58 . 24 17 
1641 . 015 57.87 47 . 31 57 . 82 46 1318 -. 010 57 . 88 32 -. 23 57 . 86 30 

421 -. 020 56. 54 15 . os 56 .70 14 1319 -. 002 56 . 5 1 15 . 61 56 . 32 10 
422 . 005 58.89 13 . 35 58 . 89 13 461 -.008 58 . 35 31 . 31 58 . 32 30 
4 23 -.003 59.51 12 • 11 59 . 51 lL 466 . 008 56 .7 2 24 -.16 56 . 78 23 
424 . 014 57.16 10 - .1 0 57 .16 10 465 -. 013 57 . 96 14 . 19 57 . 86 13 

12 92 . 009 57. 66 32 . 01 57 .5 8 31 467 . 018 57.50 21 -. 07 57 . 49 22 

4L5 .v03 s1.n 20 -. OL 57 .76 18 1321 . 010 59.81 9 -.1 5 59 . 62 11 
i293 -.011 57 . 84 L.5 . 32 57 . 84 25 1322 -. 005 57.71 12 -. 04 57 .71 12 

426 -. ù09 58.83 11 .1 8 58 .7 8 10 472 -. 054 57.68 19 . 17 57.89 19 
427 . 007 57. 42 49 -.1 5 57 . 63 42 470 -. 020 58 . 39 12 -. 16 58 . 39 12 
429 .U2 3 58.1 5 19 . 06 58 . 01 19 471 -. 027 59.97 12 . 30 61.04 8 

4 31 -. 007 58.01 12 .14 57 . 89 11 13L::l . 028 58 .45 16 .4 2 58 . 32 14 
1295 -.035 58.82 11 -. 33 58 . 82 11 473 . ooo 59 . 30 13 -.1 2 59 . 30 12 
1296 -.014 57.15 29 . 04 57. 29 27 1324 . 007 57 . 68 66 -.17 57 . 70 64 
1297 -.014 57.90 36 . 09 57 . 80 35 475 -. 005 58 . 06 41 .1 7 58 . 05 '19 

4 32 . 010 58.75 17 . 14 59 . 0l 15 1326 -. 012 58 . 55 58 -.17 58 . 50 57 

433 -.ùl 6 58.35 32 -.07 58 . 39 30 478 . 025 58.38 21 .1 6 58 . 39 20 
1299 . oos 57.45 33 -. 25 57 . 36 30 1327 -. 030 57.25 16 -. 02 57 . 18 15 

437 . ù05 56.74 16 -.24 56 .7 4 16 1328 . 003 58 . 36 51 -.1 3 58 . 50 48 
1300 . uo2 57.53 23 . 04 57 . 50 22 1329 . 005 59 . 89 10 . 45 59 . 89 10 

440 . ù36 57.66 25 . v4 57 . 66 25 1330 . 002 58.41 42 -. 04 58 . 41 42 

13 01 -. 025 58 .41 15 .1 3 58 . 04 13 1332 . 004 57 . 09 23 . 11 57 . 09 23 
1302 -. 005 57.93 51 -. 08 57 . 88 47 1333 . 034 58 . 14 17 . 12 58 . 14 17 

441 . ooo 58 . 34 14 • 2 1 58 .1 9 13 1334 . 024 60 . 04 11 . 17 60 . '.)4 11 
13 03 -. 002 58 . 66 16 .17 58 . 66 16 1335 -.010 57 . 66 34 -.20 57 . 92 31 
1304 . 002 57. 48 15 . u8 57 . 73 16 483 -.018 59 . 38 12 -. 09 59 . 38 12 

1305 -. 011 59.82 11 . 42 59 .47 11 484 -.006 59 . 81 15 -. 10 59 . 81 15 
444 -.021 58.30 11 -.17 58 . 3ù 11 486 . 026 58 . 24 17 . 09 58 . 24 17 
445 . 008 59.75 24 -. v4 59 . 93 22 485 -. 003 57 . 86 12 -. Q3 57 . 86 12 

1306 -. 014 57 .11 49 -.01 57 .11 49 1336 -. 001 58 . 37 54 -.31 58 . 30 51 
1307 . 015 58 .11 16 -.15 58 . 03 15 488 . 001 58 . 96 22 -.27 58 . 94 21 

447 . ulO 57.67 12 -.13 57 . 67 12 1337 -.014 57 . 03 15 -.06 57 . 37 16 
1308 -.vl9 60 . 27 12 . 03 60 . 27 l.è 1338 . 002 58 . 78 13 . 03 58 . 78 13 
1309 . 005 62.27 11 - . 11 62 . 27 10 1339 . 022 58 . 85 11 -.17 59 . 00 10 
1310 -. 016 58.68 19 . 15 58 . 38 16 490 . ooo 57 . 29 28 -.37 57 . 22 27 
1311 . 001 57. '::, 7 38 . 01 57 . 52 37 491 -. 016 60 . 48 11 -.17 60 . 48 11 

1642 - . 284 57 .17 34 . 03 57 .1 0 33 1341 -.043 58 . 18 10 . 59 58 . 51 8 
450 -. 002 57 . 61 20 -.32 57 . 70 18 492 -.010 57 . 25 15 -.03 57 . 25 15 
451 -.045 59.46 41 . 26 59 . 66 36 1344 - . 007 57.50 51 - . 19 57 . 53 49 
453 - . 002 59 . 88 14 -.03 59 . 92 13 494 -.029 57 . 85 15 - . 12 57 . 85 15 

1313 . 014 57 . 2.9 14 -.07 57 . 54 12 1345 . 009 60 . Ll 11 . 35 60.42 9 
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OBSERVED - FK3 
Il OBSERVED - FK3 

FK4 No. ô. (X Epoch No. 1 ô. ô 1 Epoch I No. Il FK4 No. 1 Ô.CI'. 
1 

Epoch 1 No . j ô. ô 1 Epoch 
1 

No. 

495 -.037 60.62 9 . oo 60 .7 0 10 1375 . 007 57 . 98 31 . 04 58 . 05 28 
1346 -.ùu4 57.31 45 . 11 57 . 31 43 1376 . 028 61.23 9 . 40 6 1.25 10 

497 -.011 57 . ts2 L'3 .1 0 5 7. 8L' n 531 -. 029 57 . 28 20 . 04 57 . 28 20 
49tl - . 009 59 .1 0 12 -.23 59 . 0tl 11 137tl . oos 58 . 39 11 -. 06 58 . 39 11 

1348 . ulO 57 . 54 25 • C, 2 57 . 67 24 533 -. 016 57 .44 34 - . 06 57 . 63 32 

499 . ùl2 57 • .::9 16 . 13 57 . L'4 16 1379 -. 005 57 . 98 38 . 20 58 . 15 36 
1349 . 006 57 . 79 11 • 0tl 57 .79 11 534 -. 012 59 . 73 11 -.1 9 59 . 73 11 
1350 .002 57.6.:: 13 - . lL 57 . 62 13 535 -. 022 59 . 08 13 -. 05 59 . 08 13 

500 -.013 57 .7 0 n -.16 57 . 94 21 536 . 012 58 . 07 16 . 18 58 . 32 17 
1351 -.004 57 . 10 51 . 02 57 . 34 49 1380 -. 025 56 . 52 15 -.19 56 . 45 14 

501 -.020 59.10 12 -. 02 59 .1 0 12 1381 -. 015 57 . 07 26 • 11 56 . 98 24 
502 . 010 58.65 10 -.os 58 . 65 10 540 -.008 57 . 89 28 -.05 57 . 83 27 

1352 . ùül 57.71 16 . 23 57 . 61 15 1382 . 003 56 . 98 33 .11 56 . 98 33 
1353 . 019 59.32 9 - . 06 59.61 10 545 -. 019 59 . 82 14 . 22 59 . 94 13 

505 -.016 57 . 68 32 -.35 57 . 84 30 1383 ~ . 022 57 . 06 21 - . 25 57 . 06 21 

1354 . 005 60.31 10 -. 06 60 . 31 10 1384 -. 003 57 . 52 17 • 11 57 . 52 17 
1355 . 012 57.56 29 -. 05 57 .6 0 29 547 -. 022 59 . 34 22 . 12 59 . 67 21 
1357 -.uos 60 .7 5 11 .41 60 . 60 10 1385 -. 009 56 . 11 15 -. 03 56 . 16 13 
1643 -.242 57 . 2:'l 59 . 26 57 .2 5 58 1386 . 012 57 . 57 20 -,20 57 . 51 22 
1358 -.002 57.78 16 . 01 58 0 01 15 1387 -. 015 59 . 49 13 . 45 59 . 31 10 

507 .008 59.80 11 . oo 59 . 80 11 54tl -. 022 58 . 45 13 . 29 58 . 56 11 
509 -.023 60 . 95 10 . 07 60 . 95 10 549 . 044 58 . 28 14 . 20 58 . 28 13 
510 -.019 61.48 10 . 26 6 1. 39 9 550 -. 074 57 . 88 18 . 32 58 . 40 17 

1359 -.024 57 . 15 30 . 26 57 . 41 30 1388 . 016 57 . 78 26 -.24 57 . 67 25 
511 . 020 57 . 77 14 • L'5 57 .64 14 1644 -.115 56 . 87 37 . 26 57 . 07 36 

513 -.009 58.36 12 o. oo 58 . 36 12 551 . 002 59 . 08 10 -. 14 59.08 10 
1360 . 048 57 .1 0 20 -. 08 57 . 10 20 1390 . 009 57 . 40 14 -.22 57 . 40 14 

515 -.018 58 • 11 14 . 24 58 . 40 13 1391 -. 009 62 . 22 10 . 42 62 . 21 9 
1361 . 021 60 . 24 10 .42 60 . 01 9 1392 -. 034 60 . 95 10 -.15 60 . 95 10 
1362 0 . 000 57.59 43 . 30 57 . 43 43 1393 -. 008 58 . 39 13 -. 17 59 . 14 11 

517 . 007 59.76 11 -.06 59 .76 11 554 . 022 57 . 27 17 . 13 57 . 26 1 5 
516 -.001 57 . 36 38 -. 03 57 .41 37 13 94 . 00 1 58 . 02 26 -. 01 58 . 08 25 

1365 -.004 56.82 11 . 20 56 . 82 11 555 -. 008 58 . 57 11 . 24 58 . 99 10 
521 . 005 57.97 13 . 15 57 . 71 14 556 -. 01 1 60 . 18 13 . 18 60 . 25 9 
519 -.008 59.63 13 . 19 59 . 91 12 557 -. 009 57 . 11 17 . 06 57 . 28 15 

1366 -.019 57 . 26 52 -. 21 57 . 31 52 1395 -. 027 57 . 70 27 . 03 57 . 74 26 
1367 -.003 58 .1 0 12 -. 17 58 .1 0 12 1397 . ooo 58 . 49 23 . 0 1 58 . 49 23 
1368 -.006 56 . 88 16 -.28 56 . 88 16 1396 -. 011 57 . 38 22 . 43 57 . 29 18 

522 . 017 57 . 75 11 -.26 57 .7 5 11 559 -. 020 55 . 80 16 • 19 55 . 93 16 
524 -.002 58 . 25 30 .1 8 58 . 36 29 562 . 007 57 . 34 35 . 06 57 . 25 33 

523 -.005 56 . 66 20 -.07 56 . 79 19 563 . 006 57 . 45 12 . 02 57 . 45 12 
526 -.027 58. 04 13 -.21 58 .1 9 11 565 . 022 59 . 45 13 . 0 1 59 . 80 12 
525 .012 56 . 95 38 -.59 56 . 79 37 564 -. 021 58 . 04 11 -. 05 57 . 75 12 
528 -.014 57.68 15 -. 22 57 . 68 15 1400 -.016 58 . 54 13 -.1 8 58 . 39 11 
527 -.011 58.12 13 . 01 58.10 12 1401 . 010 57 . 16 35 -.1 1 57 . 35 35 

1369 . 013 58 . 92 11 -. 05 58 . 92 11 1404 -.020 60 . 44 10 . 83 60 . 36 6 
1370 .015 57 . 4tl 19 -.21 57 .49 18 14ù5 . 005 6 1. 26 8 . 67 61 . 26 8 
1371 - . U08 59. 19 11 . 24 59 .1 9 11 569 -. 039 58 . 59 10 . 17 58 . 59 10 
1372 .001 5ts.39 15 . 29 58.39 15 1406 -. 009 57 . 34 16 -.31 57 . 86 13 
1374 -.003 57 . 19 37 - . 03 57 . 24 35 568 -. 016 58 . 68 11 . 09 58 . 68 11 
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OBSERVE D - FK3 Il OBSERVED - FK3 

FK4 No. 6a Epoch No. 1 66 
1 

Epoch No. lkK4 No. 1 6a 
1 

Epoch 1 No. J 
66 

1 

Epoch 
1 

No. 

570 . 003 59 . 04 12 . 04 59 . 04 12 614 - . U35 60 . 22 11 . 46 60 . 00 10 
571 - . 004 57 . 50 15 . oc 57 . 1'3 12 616 - . 028 58 . 58 12 • 19 59 . 09 9 

1407 . 001 57 . 44 11 • 1 7 57 .8 4 12 1430 . oos 59 . 46 11 -. '36 59 . 97 10 
572 - . 014 57 . 29 19 . os 57 . 45 18 618 -.oos 58.55 13 -.16 SR . 12 11 

1408 -. 0 12 57 . 95 66 -.11 57 . 94 64 619 - . 002 57 . 36 29 . 29 57 . 92 24 

573 -. 019 58 . 42 14 -. 22 58 . 42 14 1432 . 003 58 . 03 24 . 23 58.35 21 
576 . 002 57 . 99 14 .1 0 57 . 99 14 621 - . 030 57 . 75 18 .03 57 . 85 19 

1409 . 001 57 . 24 51 . 04 57 . 45 49 623 . 016 58 . 91 22 . 28 59 . 38 20 
571:l - , C,15 58.41 12 . J3 58 . 41 12 1433 -. 002 57.36 48 . 08 57.60 43 
577 - . 001 60 . 07 11 . 32 60 . 07 11 622 -.006 60 . 50 19 -.'35 60.40 19 

St!ù -, 014 56 . 44 24 -.13 56 . 31 22 1434 - . 039 56 . 94 27 -.26 57 . 06 2'3 
1412 - . 002 57 . 22 21 -.34 57 . 51 19 624 -.014 59 . 41 16 . oo 59.85 13 
1413 -,J29 56 . 99 13 .1 7 57 . 37 11 626 -.017 57 . 96 13 -.22 58.18 13 

582 - . ü07 57 . 45 22 -.l ù 57 . 60 21 627 -.011 58 . 90 11 -.20 58.78 12 
583 -. 019 56 . 90 16 -. 02 57 . 06 15 1436 . 032 56 . 84 27 -.23 56.88 24 

590 -.ü39 57 . 49 41 • 11 57 . 9J 35 1437 - . oos 60 .76 13 .58 60.02 9 
587 . 034 56 . 88 15 . 42 56 . 72 13 1438 -. 015 57 . 22 50 .01 57 . 54 43 
5tl4 -. 001 59 , 32. 12 . 17 59 . 49 11 1440 -. 013 58 . 99 11 -.68 58 . 44 11 
585 -. 015 60 . 63 10 -.19 60 . 53 11 629 -.003 60 . 03 11 - . 06 6Q . 66 11 
588 . 003 58.79 22 . u4 58 . 95 z:; 912 . 034 56 . 61 25 . 07 57.21 22 

1645 -.060 57 . 44 22 .1 3 57 . 76 22 1441 . 011 60 .1 6 13 . 03 60 . 31 12 
1414 -.014 57.04 19 . 04 57 . 02 18 1442 -.016 57.75 39 . os 57 . 97 36 
1415 - . Ull 59 . 42 11 . 39 59 . 91 10 633 -.012 58 . 94 36 -.24 59 . 44 29 
1416 . ü07 57.73 21 -. 04 57 . 82 19 634 . 011 59 . 33 15 -.27 59 . 62 13 

591 -. J3 4 56.92 22 . o3 57 . 06 22 1445 . 018 57 . 32 62 .1 9 57.80 50 

1417 -.uo1 56 . 98 12 . 32 57 . 39 11 1446 . 009 58.67 14 • 11 59 . 00 13 
593 -.uo1 57 . 61 18 -.11 57 . 71 16 635 -. 013 56 . 84 20 -.30 57 . 37 17 
592 . ooo 58 . 83 10 . 02 58 . 83 10 1448 -.010 58 .7 2 18 - . 03 59 . 25 16 
595 . 036 57 . 03 19 . 06 57 .1 6 17 1447 -.010 60 . 66 12 . 45 61 . 77 7 
594 -. ou 60 . 87 11 . 20 60 . 86 11 1449 - . 031 56 . 75 16 .os 57 .11 13 

1419 -. 013 61 .1 5 11 .15 60 . 98 9 636 -. 023 58 . 31 14 -.1 2 SR . 46 lB 
1420 -. 010 56 . 95 49 . 08 57 . 06 46 1450 - . 019 57.44 55 - . 52 57.RR 44 

598 . 008 58 . 18 21 . 14 58 . 31 19 639 -.os o 58.53 17 . o9 5R . 94 15 
597 -.U48 56 . 63 17 . oo 56 . 85 15 1451 . 011 57 . 46 66 . 01 57.77 59 

1421 . 008 57 . 59 11 . 17 57 . 59 11 641 -. 001 59 . 32 11 -.01 59 . 32 11 

1422 -. ù25 57 . 92 61 -.57 58 . 31 53 643 -. 027 59 . 50 13 -.10 59 . 91 12 
1423 . 002 59 . 05 12 . 40 59 . 00 11 1453 . 001 58 . 07 29 . 11 58 . 33 27 

601 - . 019 58 . 01 11 . 24 58 . 18 11 1454 -. 013 59.45 17 -.34 59 . 51 14 
603 . 001 58 . 54 23 . 17 58.49 22 1456 . 003 58.15 20 -.19 58.61 17 
606 -. v04 58 . 97 60 -. 03 59.06 59 644 -. 001 60.34 11 -.23 60.0R 11 

142 5 -. 007 56 . 78 26 - • 1 7 56.99 23 1457 - . 023 60.37 12 .18 60.76 10 
605 . 014 59 . 36 27 . 03 59 . 74 26 1458 -.037 57.10 36 .06 57.27 32 
607 -.019 60 . 03 10 . 34 59 . 94 1 0 647 - . 005 57.29 18 -.26 57 .64 17 
608 - . 051 59.21 12 .1 2 59 . 21 12 1459 . 006 58 . 23 19 • 13 58.51 15 
612 -. 005 58 . 55 24 . 30 58.79 22 650 -. oos 58.35 13 .2 3 58 . 58 12 

14 27 . 004 57 , 4j 25 , û8 57 .7 1 23 1460 - . oos 56 .5 8 25 -, 21 56 .73 21 
609 - . 00 1 58 .7 2 11 - , 54 58 .9 5 10 653 -. 012 57.41 24 • 05 57 .41 24 

1428 • ù31 60 . 09 11 -.1 9 60 . U9 11 655 . ooo 58,78 15 . 32 59 , 20 13 
1429 . 00 1 57 , 34 41 -.dl 57 , 47 40 6':>7 -.015 60.14 12 . 11 60,14 12 

613 . 00 1 SR , 30 12 -. 06 58.30 12 1462 -.001 60 . 84 11 . 32 6Q .84 11 
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OBSERVED - FK3 Il OBSERVED - FK3 

FK4 No. .la Epoch No. 1 Llo 1 Epoch I No. li FK4 No. 1 .la 
1 

Epoch 
1 No.\ Llo 1 Epoch 

1 

No . 

1461 , 034 57 . 40 21 , 16 57 , 56 17 699 . 002 60 , 03 15 . 40 60 , 60 12 
659 , U.2 8 57, 35 16 -, u5 57 ,4 7 14 701 , 034 58 , 23 15 . oz 58 , 36 14 
656 -,005 60 , 00 12 -, 22 60 ,4 9 12 1486 -, 007 57 , 91 37 . 11 58 , 32 33 
658 -.023 59 , 97 13 , 49 60 ,2 5 11 702 -, 005 57 , 06 38 , 11 57 , 48 '30 
664 -,006 58 , l'.:l 42 , 04 58 ,2 8 40 1487 , 001 57 , 01 16 , 13 57 , 24 13 

663 -,025 56 , 94 25 , 03 57 , 45 20 703 . 007 57 . 36 18 -. 11 57 , 45 17 
1463 -.020 56 . 90 15 , 52 57 . 44 11 148R -. 015 58 . 70 17 -.31 58 . 69 15 

665 . 002 59 , 94 40 , 06 60 , 07 40 1489 , 005 56 , 88 54 , 03 57 , 04 41 
670 -,084 57,85 24 , 03 58 ,11 22 1491 -.001 60 , 93 13 , 08 60 , 82 14 
667 - , 03 5 58 , 9 7 12 -,61 58 ,9 8 lL 1492 -, 038 59 , 83 12 , 24 60 , 29 11 

668 -,009 60 . 61 24 -,13 60 ,7 1 22 1493 , 007 60 , 02 12 . 11 60 , 69 12 
1465 . 021 58,61 14 ,4 5 58 , 92 13 1494 , 007 57 . 48 52 -. 06 57 , 71 42 
1466 , 042 57,29 31 ,2 6 58 , 06 26 705 -, 003 57 , 72 15 - , 17 5R , 10 12 

913 - . 171 57,4b 24 -, 06 58 , 00 27 707 -. 001 57 , 68 19 , 18 57 , 85 19 
675 -. 002 58 ,4 3 40 , 33 58 , 76 34 706 -. 005 60 .1 1 12 , 19 60 , 54 9 

1467 -, 001 57 , 32 43 , 24 57 , 77 38 1495 , 017 61 , 42 12 , 44 61.42 12 
671 , 025 58 , 98 11 , 07 58 , 98 11 709 , 007 57 . 23 21 -. 26 57 , 73 18 

1468 , 003 59.19 11 . oo 58 , 95 10 711 -. 020 60 , 45 12 . 21 60 . 63 11 
672 -, 031 56 , 94 20 - , 14 57 , 20 18 710 , 010 58 , 52 16 . 03 58 , 85 11 
676 -,016 58.12 21 -. os 58 , 31 20 714 -. 070 58 , 61 14 . 04 58 . 41 12 

674 -. 023 58 , 23 16 • 06 58 , 84 13 713 -, 011 57 . 34 24 . 09 57 , 75 19 
673 - . 017 5ts , 83 38 . 12 59 , 14 35 712 . 007 57 , 85 24 , 24 57 , 95 22 

1469 -, OZU 56 . 81 16 -.1 0 56 , 97 14 716 . 001 57 , 29 19 . os 57 . 83 14 
677 , 014 59,24 34 , 22 59 , 58 30 717 . 009 59 , 74 28 -. 19 59 , 92 27 

1470 , 004 60.33 14 , 41 60 . 72 12 1497 -. 045 57 , 24 49 -. 01 57 , 43 51 

680 -.006 58 . 94 48 -.12 58 . 98 46 1498 . 007 59 . 63 12 -. 27 59 . 56 10 
681 -. 006 57 , 87 19 -, L: 58 , 37 16 719 , 022 57 . 51 18 -.24 57 . 67 18 

1472 , 037 59 , 75 15 , 01 60 ,1 9 14 720 -. 004 56 , 04 13 , 01 56 , 31 11 
682 -.ou 58 ,1 9 16 , 36 58 , 02 15 1500 . 002 58 , 19 66 . 13 58 , 44 61 
685 -,003 57,89 22 - . 10 58 , 57 11:l 723 -. 029 57 . 37 29 - • 12 57 . 24 25 

684 -.023 59 . 51 10 , 36 59 , 51 10 724 -. 006 57 , 97 20 • 1 7 57 , 94 19 
14n . 011 56 ,7 2 39 , 16 56 , 88 33 722 -. 011 59 , 36 11 , 32 58 , 74 11 
1477 , 003 58,35 12 -.16 58 ~ 35 12 725 , 009 58 , 39 39 -. 34 58 , 65 35 
1476 , 006 57,31 69 , 03 57 , 81 57 7'L.6 -. 011 59 , 54 13 -, 08 59 , 30 12 

688 -, 004 60,21 23 -.22 60 , 37 22 729 -. 038 58 , 79 14 -.17 58 , 79 14 

914 , 334 57,66 15 , 38 57 , 52 14 727 -. 012 59 , 52 12 , 35 59 , 32 11 
690 -. 012 57,67 14 -.13 57 , 79 15 1503 , 006 57 , 07 27 . oz 57 . 33 21 
695 -. 027 58 . 64 22 ,1 0 58 ,4 9 19 730 . 016 58 , 65 13 -. 09 58 , 65 13 

1478 , 004 57,29 57 -. 05 57,79 45 1505 , 029 59 , 80 12 . 28 59 , 80 12 
1479 , 065 58 , 76 15 -,03 59 ,2 5 14 1506 , 015 59 . 58 13 -. 11 60 . 01 12 

692 -,006 58,55 10 . 06 59 . 15 10 734 -. 031 60 , 57 22 -, 04 60 . 73 18 
696 , 007 58 , 87 13 , 10 58 . 89 13 1507 . 033 57 . 81 12 . 39 57 , 73 11 

1480 ,007 57 , 31 49 -, 02 57 . 78 35 1508 , 019 57 . 00 18 . 06 57 , 00 18 
1481 .on 58 , 17 15 ,17 5b ,7 3 13 1509 , 011 58 , 31 66 -,22 58 . 63 58 
1646 -.066 57 , 37 40 , 30 57 , 46 38 733 -. 018 58 , 00 17 . 27 58 , 08 16 

700 -,051 58 . 34 23 , 09 58 , 86 20 732 , 006 57 , 59 19 . 41 57 . 96 16 
1483 -,028 60 , 00 11 . 06 60 , 05 10 1510 . 012 57 . 80 13 -. 22 57 . 73 12 
1482 . 011 58 , 30 21 , 09 58 ,1 0 18 1511 . 002 57 , 86 86 . 04 58 . 24 75 
1484 , 014 57 , 14 51 .11 57 , ô 45 736 , 007 58,88 14 , 15 58 . 79 10 
1485 -.022 60 , 24 10 . 59 60 , 44 10 737 -. 003 57 , 81 53 . 26 58 . 10 44 
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OBSERVED - FK3 
Il OBS E RVED - F K3 

FK4 No . Aa Epoch No . 1 Ao 
1 

Epoch No. Jj FK4 No. J Aa 
1 

Epoch 1 No. , Ao 
1 

Epoch 
1 

No . 

7 38 . 005 57 . 80 13 . 43 57. 80 13 780 -. 009 60 . 85 10 -. 15 60 . 85 10 
1512 -. 006 60 . 02 13 -. 03 60 . 49 12 783 - . 026 57 . 81 15 . OB 57 . 77 12 
15 13 . 010 57 . 48 22 . 31 57 . 53 21 1541 . 016 60 . 21 11 - . 19 60 . 37 10 
1 5 14 . 001 56 . 82 15 . 01 57 . 18 9 1544 -. 005 60 . 16 11 . 57 60 . 61 10 
15 15 -. 004 56 . 99 31 -. 16 57 . 27 25 781 -. 006 59 . 82 11 -. 11 60 . 13 10 

740 -. 003 57 . 49 28 . u5 57 . 99 24 1543 . 018 56 . 56 16 - . 26 56 . 62 15 
15 17 -. 004 59 . 76 14 . 26 59 . 70 11 915 -. 056 57 . 63 47 . 04 57 . 84 40 

741 -. 004 58 .7 5 25 -. 38 58 . 75 25 1545 . 020 59 . 39 15 -. 35 59 . 48 13 
743 . Uù6 57. 57 26 -. 29 57 . 65 25 1546 -. 0 11 60 . 08 13 . 58 59 . 82 10 
744 -. uzu 56 . 7ù 41 • 1 (J 56 . 98 34 1547 . 004 58 . 91 53 • O·l 58 . 89 49 

74 5 . uo7 59 . 14 1 5 -. 09 58 . 84 14 786 . 0 16 57. 11 21 - . 17 57 . 62 17 
746 . 0 1 2 60 .48 1 3 . 02 60 . 0ù 14 1548 . 021 60 . 21 16 . 36 60 . 63 10 

1 5 19 -. 00 1 56 . 57 ::;o . 18 56 . 94 26 7 88 . 008 59 . 03 14 -. 27 59 . 03 14 
749 . 0 1 5 59 . 49 n . 01 59 .7 4 20 1549 . 008 57 . 86 19 - . 27 57 . 99 18 

1521 -. J l7 59 . 66 12 -. 06 59 . 66 12 789 . 024 58 . 32 53 -. 06 58 . 62 48 

15 22 -. 006 61. 73 12 .1 8 61 . 18 lj 1551 - . 022 59 . 20 11 . 02 59 . 20 11 
7 52 . 008 58 .2 8 19 -. 24 58 . 36 1 5 792 -. 0 1 7 58 . 47 19 -. 09 58 . 80 16 

15 23 . ooo 58 . 12 23 -. 40 58 . 30 20 1552 -. 006 60 . 69 10 -. 30 60 . 98 10 
15 24 . 0 13 58 . 28 52 -. 0 4 58 . 97 41 1553 . 008 58 . 08 17 -. 49 58 . 30 16 
1647 -. 029 57. 8 7 28 . 03 57.7 8 25 7 9 1 . 011 6 1. 00 11 . 54 61 . 00 11 

1 525 . 00 1 59 . 68 1 2 -. 06 59 . 27 12 793 . 087 60 . 76 8 . 09 60 . 63 11 
7 56 . 008 59 . 44 12 -. 20 59 . 80 11 7 95 -. 082 57 . 82 18 . oo 58 . 00 17 
759 . 022 56 . 98 3 1 . 03 56 . 96 27 79 4 -. 002 58 . 63 20 -. 0 1 58 . 92 20 

15 26 . 00 7 58 . 6 7 1 1 . 35 59 .5 8 9 1555 -. 016 58 . 54 33 . 01 58 . 80 28 
757 -. 0 1 0 59 . 8 7 11 -. 10 60 . 34 11 797 . 008 57 . 91 25 . 01 57 . 97 21 

75 8 -. 03 4 59 . 98 1 2 . 36 60 . 43 10 800 -. 001 59 .1 4 67 .o, 59 . 23 62 
760 . 001 58 .2 6 17 -. 32 58 . 43 16 1558 -. 005 57 . 68 17 .1 6 57 . 97 17 

1 527 . 017 59 . 9 1 1 4 . 12 59 .7 2 13 1559 -. 009 59 . 02 13 . 01 58 . 71 14 
1529 . 0 11 60 . 2 1 14 . 68 60 . 42 8 803 -. 024 58 . 84 31 - . 01 59 . 11 29 

76 1 -. 020 62 .1 8 10 -. 23 62 . 15 9 1560 - . 011 59 . 44 18 . 29 59 . 40 19 

762 -. 012 59 .40 13 . 2 1 59 . 71 12 1561 -. 010 58 . 54 12 . 34 58 . 61 11 
76 5 -. 0 2 0 58 . 39 13 . 20 58 . 04 12 804 -. 003 57. 08 17 -. 05 57 . 08 17 

15 3 1 . 0 13 58 .47 70 -. 03 58 . 78 59 1562 -. 009 57 . 53 17 . 21 57 . 48 13 
15 33 . Ou5 57. 8U 37 -. 13 57 . 96 33 806 -. 022 58 . 51 15 • 11 60 . 0 1 10 
15 34 -. 011 59 . 35 11 . 29 59 . 35 11 1564 . 003 513.31 37 . 48 58 . 58 31 

1 5 35 -. 03 9 59 . 38 1 1 . 0 1 59 . 38 11 807 -. 038 58 . 46 10 . 10 58 . 46 10 
767 -. 003 58 . 35 15 . 16 58 . 90 13 1565 . 020 59 . 66 10 -. 16 59 . 66 10 

15 36 . 002 57. 54 29 . 03 57 . 60 24 809 -. 080 58 . 97 12 - . 17 58 . 68 11 
15 38 -. 061 58 . 51 17 - . 17 59 . 33 13 808 - . 001 59 . 77 11 . 05 59 . 77 11 

76 8 . 005 60 . 41 18 -. 25 60 . 57 17 1568 -. 003 57 . 63 17 . 08 57 . 63 17 

1 53 7 - . 013 57. 78 39 -. 06 58 . 09 34 811 . 003 58 . 64 16 - . 20 58 . 64 15 
770 -. 0 77 58 . 61 17 . 02 59 . 02 14 1569 . 004 58 . 71 61 . 06 58 . 84 55 

15 39 . 0 1 0 58 . 34 16 -. 0 1 58 . 59 13 1570 -. 017 59 . 37 12 . OB 59 . 71 11 
77 2 . 028 58 . 29 49 . 28 58 . 4b 46 812 -. 024 60 . 50 12 - . o5 59 . 76 11 
77 3 -. 0 1 5 59 . 32 12 . 27 59 . 66 11 8 1 3 -. 016 58 . 27 14 - . 19 5R . 78 12 

77 4 . 010 59 . 70 10 . 01 59 .7 0 10 817 -. 055 58 . 63 25 . oo 59 . 02 22 
777 -. 010 58 . 20 25 • 05 58 .1 5 24 8 1 5 -. 003 59.58 2 1 -. 13 59 . 58 21 
77R . 006 57 . 9] 27 -. 01 58 . 08 25 1571 -. 026 58 . 40 13 -. 23 58 . 40 13 
779 -. 020 57 . 44 15 . 12 58 .1 2 10 818 . 005 57 . 52 19 . 08 57 . 55 17 
7 82 -. 014 58 . 56 15 . 14 58 . 83 14 1572 - . 053 59 . 59 13 . 33 60 . 09 12 
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OBSERVED - FK3 Il O BS ERVE D - FK3 

FK4 No. Aa Epoch No. 1 Aô 
1 

Epoch 1 No. lkK4 No. 1 Aa 
1 

Epoch 1 No.1 Aô 
1 

Epoch 
1 

No . 

819 -.021 61 . 11 13 .20 61.24 10 1597 - . 009 61.34 11 . 48 60 . 79 10 
1574 -.004 57 . 35 ::l4 -.12 57 . 60 28 1598 -. 014 57 . 82 59 -. 37 5R . 07 57 

B21 - . 044 59.97 11 -.13 59 . 97 11 861 - . 012 58 . 62 11 . 18 58 . 62 12 
1575 -.003 58 . 43 22 - . 04 59 . 15 16 862 - . 022 58 . 36 15 . 01 58 . 62 13 
1576 -.ù32 58 . 79 13 . 31 58 . 79 12 863 . 012 57 . 64 32 -. 10 57 . 53 30 

1577 -.005 57.65 16 . 10 58 . 73 10 864 . 003 60 . 29 24 . 38 60 . 53 23 
823 .004 57 . 96 19 -.15 57 . 91 18 866 - . 006 57 . 45 12 . 17 57 . 78 11 

1578 - . 022 58.25 23 .oo 58 . 31 22 1600 - . 043 58 . 60 11 -. 17 58 . 68 12 
1579 .009 58 . 82 14 . 20 58.82 14 1649 . 071 58 . 24 43 -. os 58 . 62 41 
1580 .009 5R.37 61 . 15 58 . 54 60 869 -. 032 58 . 70 15 - . 14 59 . 0l 13 

826 .009 57 . 13 31 - . 43 57 . 22 30 1602 . ooo 57 . 76 52 -. 11 58 . 15 43 
827 - . 004 59.42 39 - . 17 59 . 82 37 870 - . 019 58 . 94 11 -. 31 59 . 36 10 
830 -.003 58 . 11 19 . 02 58 . 04 17 871 -. 025 60 . 98 10 . 17 60 . 98 10 
828 -.004 58 . 86 14 . 38 59 . 65 11 1603 -. 004 56 . 61 46 . 09 56 . 8 1 42 
831 .016 57 . 75 17 -.09 57 . 75 16 1604 -. 021 59 . 69 10 . 06 59 . 69 10 

833 . 004 56 . 40 22 - . 32 56 . 56 19 873 . 006 57 . 53 14 . 35 57 . 74 12 
834 .010 60 . 00 31 - . 34 60 . 16 31 1606 -. 006 58 . 22 42 . 09 58 . 62 35 
835 -.030 56 . 98 14 - . 17 56 . 91:l 14 875 -. 007 59 . 08 13 -. 04 59 . 0 2 13 
837 - . û25 58 . 91 17 - . U4 58 . 07 B 1607 . 003 57 . 17 26 - . 01 57 . 33 24 
836 . 004 59 . 05 14 . 32 59 . 48 14 1608 - . 016 56 . 93 21 . 09 57 . 38 20 

1583 - . 020 57 . 77 22 . 54 58 . 00 22 87R . 007 60 . 65 23 -. 10 60 . 74 24 
1582 . 024 58 . 19 13 . 39 57 . 92 11 1609 - . 012 57 . 59 49 . oo 57 . 52 45 

840 . 005 58 . 08 32 . 28 58 . 19 30 880 . 002 59 . 71 12 - . 22 59 . 71 12 
1648 - . 302 58 . 73 67 . 09 58 . 78 65 1610 . 014 58 . 09 18 . 3 1 58 . 12 17 
1584 -.034 60 . 55 11 .62 59.90 6 1611 . 013 59 . 71 10 . 68 59 . 57 7 

843 . 004 57 . 43 28 -.52 57 . 37 26 1612 . 015 58 . 50 13 -. 30 58 . 83 11 
842 -.005 59.60 10 . 05 59 . 60 10 1613 -. 004 58 . 83 16 -. 03 59 . 04 15 
844 .üll 58 . 86 20 . 47 58 . 93 18 882 -. 010 58 . 06 32 • 06 58 . 02 32 

1585 .006 57 . 74 43 . 20 57 . 84 39 881 . 001 57 . 63 15 -. 06 58 . 05 11 
1586 . 028 60.09 12 - . 38 60 . 09 12 884 . 003 58 . 10 38 -. 13 58 . 27 35 

1588 -.010 57 . 10 17 - . 11 57 . 3ù 15 1614 . 007 58 . 13 27 . 19 58 . 41 26 
1589 -.011 61.52 10 - . 04 61 . 52 10 1615 - . 011 60 . 43 14 -. 40 60 . 96 12 

H47 - . 017 59.05 12 . 53 59 . 45 11 885 -. 003 58 . 27 34 -. 54 58 . 68 32 
1590 -.026 60.48 9 • 01 60 . 69 10 1616 - . 017 59 . 13 12 -. 25 59 . 13 12 
1591 - . 009 5H.94 14 .17 59 . 55 11 888 . 015 58 . 63 37 - . 25 59 . 00 35 

848 - . 030 59.46 11 . 09 59 . 41 12 890 - . 009 58 . 30 14 . 01 5R . 30 14 
1593 .113 58 . 4::l 23 - . u 58 . 72 20 891 . 017 60 . 18 11 . 23 60 . 31 12 
1594 - . 005 57 . 06 22 - . 05 57 . 05 20 893 . 073 5R . 88 53 . 32 59 . 37 l+/l 

849 -.005 61.89 12 . 40 61 . 85 10 892 . 005 57 . 61 24 . 04 57 . 65 23 
850 -.006 56 . 9tl 24 • 10 57.47 22 1619 -. 017 59 . 92 12 . 39 60 . 12 11 

851 .010 58 . 30 11 -.21 58.30 11 1620 . 005 57 . 24 35 -. 37 57 . 16 32 
1595 . ooo 57.08 36 - . 20 57 . 52 31 894 . 013 60 . 49 15 . 25 61 . 00 12 

853 .ooo 59 . 34 19 -.02 59 . 33 18 1621 - . 010 58 . 15 15 . 08 58 . 40 14 
852 - . 016 57.:J4 14 . 17 57 . 56 13 1622 -. 017 57 . 47 18 . 06 57 . 73 15 
854 .003 57 . 92 16 . 46 58 . 30 12 1623 -. 001 57 . 74 30 . os 57 . 78 24 

855 -. 010 59 . 41 27 - . 07 59 . 67 26 895 . 038 57 . 72 24 . 05 57 . 98 22 
857 .ooo 59 . 80 13 . 26 60 . 19 11 1624 -. 024 60 . 54 14 . 36 61 . 31 13 
858 -.015 58.05 19 - . 14 58.0l Hl 897 -. 004 58 . 44 30 - . 01 58 . 40 27 

1596 .017 57.35 19 - . 09 57 . 40 19 898 - . 007 58 . 31 14 -. 26 58 . 50 10 
859 .003 5H.88 15 - . 04 58 . 82 13 1625 - . 03C 58 . 12 28 -. 05 58 . 28 29 
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OBSERVED - FK3 
Il O BS ERVED - FK3 

FK4 No. t:J.a Epoch No. 1 t:,. 0 1 Epoch No . Il FK4 No . 1 t:J.a 
1 

Epoch 1 No. 1 t:,.«5 1 Epoch 
1 

No. 

899 - . 0 11 59 . 9tl 12 . oz 60 .1 9 13 1629 . 004 60 . 4 7 12 - . 19 60 . 63 13 
16 27 . 0 74 58 . 26 16 . 14 58 . 32 14 900 - . 027 59 . 10 1 5 -. 11 59 . 60 12 
1650 - . 09 4 57·. 59 4 8 - . 17 57 .96 45 902 -. 00 4 59 . 0l 20 -. 09 59 . 04 21 
1628 . ü0v 58 . 3ù 12 - . 45 58. 30 12 16 30 -. 001 58 . 8fl 26 -. 20 59 . 02 27 

1642 - . 296 57 . 22 32 -.11 57.76 32 701 . 038 61 .1 3 14 .1 5 61 . 34 1 3 
4 5 1 -. o,n 58 . 86 1 5 - . 11 59 . 08 14 1494 . 010 59 . 6 9 21 -.45 60 . 0 4 19 
45 4 - . 018 58 . 43 59 - . 17 58 . 7 4 55 714 - . 0 57 58 .48 1 8 -. 1 7 58 . 74 17 
47 2 - . 00 9 58 . 60 20 - . 16 59 . 04 16 72 3 . 014 58 . 23 15 -. 20 58 . 17 14 
478 . 029 57.74 18 .17 5 8 . 07 14 729 . 022 5 9 . 69 14 -.17 59 . 98 14 

486 - . 0 1 5 57. 76 25 . 12 58 .1 6 17 7 34 -.1 02 58 . 06 24 -. 25 58 .7 5 21 
499 - . 0 14 59 . 3 1 19 - . 03 59 .7 2 17 1647 - . 0 46 58 . 29 38 -.11 58 . 2 7 36 
5 00 - . ù3 7 57 . 6 5 1 2 . 13 57. 82 11 7 59 -. 030 5 7. 62 30 -. 12 57 . 75 30 
505 - . 00 9 5 8 . 68 12 -. 30 59. 25 12 76 7 -. 033 57 . 18 26 . OB 57 . 22 22 

16 4 3 - . 169 59 . 02 5 1 . 06 59 . 03 4 8 1538 -. 042 58 . 70 17 -. 47 5R . RO 14 

511 - . 002 58 . 96 14 . 17 58 . 88 12 770 -. 030 57 . 8 7 1 5 - . 06 57 . 62 14 
521 - . 040 58 . 97 21 - • 10 59 . 4 5 16 783 -. 003 57 . 39 10 . oo 57 . 64 9 
524 . ooo 56 .49 19 -. 22 56 .42 18 915 -. 102 58 . 29 34 - . 33 58 . 35 33 

13 79 . 040 59 • 14 29 - . 36 59 . 39 26 7 95 -.1 02 58 .19 17 -. 04 58 . 75 1 2 
536 - . 023 58 . 58 16 . 4 1 58 . 51 13 803 - . 010 57.ll 25 • 15 57 . 40 18 

550 - . 0 64 58 . 50 16 - . 23 58 . 92 13 809 -. 071 58 . 74 12 . 34 58 . 93 1 0 
1644 - . 138 60 . 4 0 57 - . 03 60 . 53 53 817 . ooo 59 . 50 20 -.1 1 59 . 89 16 

554 . ù 6 5 6 0 . 84 17 . 40 6 1. 0:l 17 1572 . 008 58 . 87 14 . 38 58 . 95 14 
565 . 02 4 59 . 51 11 - . 25 59 . 51 11 1578 - . 026 58 . 20 14 -. 18 58 . 11 13 
56 9 . 05 7 6 1. 42 13 -. 12 6 1. 16 l lf 830 . 011 57 . 82 lR • 19 58 . 20 16 

590 . ù05 59 . 99 23 -. 06 60 . 46 20 837 -. 042 59 . 20 17 -. 44 59 . 25 14 
587 . 055 60 . 91 12 . 76 6 1 . 07 12 1648 -. 170 58 . 81 32 -. 29 58 . 83 32 

1645 - . 127 57 . 41 18 -. 56 57 . 83 14 1593 . 070 56 . 72 19 - . 13 56 . 93 16 
60 6 - . 0 14 60 . 71 l+fl - . 27 6 1. 08 39 1594 -. 004 58 . 24 20 -. 23 58 . 37 16 
6 12 - . 005 59 . 21 16 . 12 59 . 17 14 851 -. 042 59 . 78 13 . 09 59 . 78 11 

6 19 - . 020 59 . 73 19 -. 01 60 . 29 16 853 -. 00R 57 . 42 14 • 15 57 . 28 13 
1432 -. 002 60 . 28 14 . 02 60 . 31 12 863 . 002 60 . 24 11 . 19 60 . 5 1 11 

6 2 3 . 054 59 . 08 21 -. 25 59 . 04 19 1649 . 028 57 . 62 37 - . 52 57 . 74 31 
9 12 . 026 58 . 53 25 - . 34 58 . 66 27 882 . 030 58 . 26 24 . 10 58 . 08 18 
639 - . 018 58 . 68 21 . oo 58 . 59 20 893 . 063 58 . 83 54 - . 09 59 . 14 50 

659 -. 030 58 . 99 1 2 - • 12 59 . 34 11 895 . 005 57 . 42 2 1 . 18 57 . 49 15 
664 . 0 1 9 59 . 34 18 -. 12 59 . 27 19 1627 . 066 58 . 61 13 - . 21 58 . 73 9 
6 70 - . 046 59 .5 3 16 -. 01 60 . 0 1 13 1650 -.1 02 57 . 01 42 -. 51 57 . 03 38 
913 -. 319 58 . 55 14 -. 3 1 58 . 96 16 16 . 036 58 . 11 27 . 03 57 . 67 21 
675 -. 005 58 . 45 27 -. 04 58 . 68 25 24 . 033 57 . 96 21 -. 18 5R . 33 17 

685 . 003 59 . 43 1 2 . oo 59 . 73 11 29 . 040 57 . 83 14 . 26 5A . 03 13 
914 -. 040 61 . 74 12 -. 13 62 . 15 12 32 . 030 58 . 46 7 . 66 58 . 75 9 
695 . 018 60 . 81 10 -. 60 60 . 81 1 0 906 - . 291 57 . 81 58 - . 09 57.94 59 

1646 - . 037 58 . 47 42 . 01 58 . 67 4 0 41 . 087 58 . 87 29 . 06 59 . 20 25 
700 - . 004 60 . 11 16 - . 22 60 . 19 13 46 . 051 57.39 13 -. 08 57.57 11 
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OBSERVE D - FK3 Il 
OBSERVED -FK3 

FK4 No. Acx Epoch No. 1 Ab 1 Epoch 1 No. jkK4 No.1 Acx 
1 

Epoch 1 No.1 Ab 1 Epoch 1 No . 

4tl -.005 56 . 49 13 . 24 57 . 10 13 259 . 021 58 . 34 16 . 15 58 . 59 14 
1042 . 028 5B . 27 12 - • 11+ 58 . 48 10 260 . 055 58 . 05 45 -. 29 57 . 99 32 

51 -.007 57 . 50 14 . u3 57 . 27 14 909 -. 552 57 . 45 32 -. 38 57 . 43 29 
55 . u41 56 . 7 tJ 13 . 03 56 . 7tl 13 284 . 036 57 . 59 22 . 01 57 . 92 17 

907 . 095 56 . 3tl 26 . oo 56 . 34 22 300 . 026 57 . 60 30 -.01 58 . 44 18 

63 . 052 59.66 13 • 42 60 . 37 9 302 . 077 58 . 26 22 . 50 58 . 56 20 
70 -.013 59 . 94 11 . oo 60 . 31 9 1639 -.145 57 . 71 36 -. 25 57 . 76 29 

1635 -.4 14 57.96 30 . oo 58 . 09 26 1215 -. 021 59 . 71 11 . 03 59 . 72 10 
76 . 043 59 . 46 11 . 25 60 . 23 6 310 . 063 58 . 20 37 -. 17 58 . 44 30 
tl7 . 047 57 . 0tl 16 -.14 56 . 8:) 12 317 . 009 57 . 69 20 . 36 58 . 42 15 

92 . u44 59.55 11 - . 30 59 . 7'd 12 322 . 106 57 . 79 20 -. 03 57 . 90 19 
105 . ù39 56.87 31 . 03 56 . 54 25 338 -. 019 58 . 35 13 -. o3 58 . 30 14 
115 - . 006 59 . 82 29 - 0 09 59 . 61 24 1640 . 024 57 . 37 37 . 17 57 . 6 1 33 

1636 -.434 56.99 31 - . 10 57 . 05 29 355 -. 005 59 . 87 13 . 28 60 . 75 8 
1096 . 003 60.42 14 -. 04 59 . 92 10 910 -. 142 59 .1 7 55 -. 34 59 . 41 48 

129 . ooo 57 . 22 22 . 52 57 . 39 17 357 . 021 56 . 99 15 -. 21 56 . 89 13 
13H - . 065 59 . 44 11 - . 01 59 . 44 11 363 . 046 58 .7 5 23 . 07 58 . 57 20 
908 -. 293 57 . 21 42 -. 33 57 . 57 39 372 -.048 59 . 52 18 . 09 59 . 88 16 

1122 - . 026 56.88 22 • 13 57 .1 5 19 1262 . 023 60 . 48 14 -. 09 60 . 52 10 
173 -. 006 5R . 48 48 -.1 0 59 . 25 3R 387 . 047 59 . 93 13 .14 59 . 69 15 

178 -.059 59 . 49 13 . 20 59 . 41 11 911 -. 055 57 . 68 41 -.21 57.90 34 
182 . 019 59 . 20 12 .51 59 .17 11 395 . 024 58 . 81 26 -. 22 58 . 53 25 

1637 - . 147 57 . 61 37 . 09 57 . 96 33 403 -. 002 57 . 29 26 -.1 9 57 .7 0 22 
191 -. 044 58 . 07 37 . 01 58.44 32 413 . 067 58 . 02 26 .1 3 58 . 35 23 
203 -.004 57 . 19 23 . 29 57 .47 16 417 -.015 58 . 94 17 . 20 59 . 82 15 

205 -. ûl 2 58 . 75 20 . 01 58 . 64 20 1641 .1 38 58 . 56 39 . 07 59 . 02 42 
1638 - . 122 57 . 54 25 -.30 57 . 68 23 429 -. 026 58 . 31 29 . 40 58 . 68 24 

233 -.030 57 . 92 34 -. 22 58 . 18 27 433 -. 033 57 . 21 20 . 07 57 . 56 16 
234 -. ùl6 57 . 63 22 - • 10 58.16 16 440 . 025 58 . 84 16 -. 06 59 .42 14 
247 -.012 58.90 11 - . 03 59 . 20 12 1303 -. 003 58 . 76 15 . 24 59 . 08 13 

248 . 040 58 . 36 61 -.15 58.69 54 



EXPLANATION OF CATALOGUE FOR PARTS II, III AND IV 

The various columns give: 

1. A current number within the group in order of right ascension. 

2. The BD number. 

3. The visual magnitude and spectral type, mostly from the Henry Draper 
Catalogue. 

4 and 5. 

The observed right ascension and declination together with their adopted 
centennial proper motions. In Parts II and III the observed value has been 
reduced to the epoch 1950. 0 using the proper motions as given. These were 
taken from GC and the Ottawa Preliminary PZT Catalogue respectively. 
In Part IV the observed values have been reduced without proper motions to 
the epoch 1950. O. 

6. The number of observations and mean epoch of observation in right 
ascension and declination respectively. 

7 and 8. 

The catalogue comparisons. The catalogue number and the value "Observed
Catalogue" in right ascension and declination respectively. 
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No. [ B.D. No. 1 M~. 1 R .A . 1950 

l :B 4821l 6 . 23 GO 0 2 16.145 
2 26 4744 6 . 57 G5 ü 2 26 . 545 
3 12 5063 5 . 66 KO 0 3 7.752 
4 63 2107 5 .49 R8 0 3 49 . 591l 
5 3 3 6 . 32 KO 0 5 38.393 

6 40 29 5 .7 3 AS 0 10 54 . 523 
7 32 21 6 . 06 AD 0 11 26 . 127 
8 7 27 6 .1 9 G5 \) 13 59. 738 
9 47 50 5 . 82 A9 0 14 30 . 142 

10 0 21l 6.43 G5 0 15 13.510 

11 12 25 6.40 KO i.i 19 50 . 0SL 
12 3 49 6 . 28 Kü \.J 21 56 .31 0 
13 52 61 5 .72 B9 ü 22 23.365 
14 79 10 6 .5 3 B9 0 23 51.462 
15 24 52 6 . 72 F5 ü 24 26.963 

16 43 92 5 . 16 A2 0 25 31 . 854 
17 9 47 6.02 FL 0 25 44.71:!5 
Jlj 76 10 6.35 c;5 0 27 39.749 
19 6 64 5,66 AO 0 29 48 . 1:!40 
20 19 79 s.53 G5 0 29 57.908 

Ll 70 24 6.36 AO u 3U 18 , 55.< 
22 l 61:1 5.93 Fl:I u 32 58 . 7 05 
23 14 76 5 .86 B3 li 34 10 . 754 
24 2 80 6.58 KO v 34 55 . 867 
25 81 13 6 . 40 F8 0 35 54.405 

26 59 92 6 . 74 AO 0 35 56 . 818 
27 38 90 5.42 G5 0 31l 24 . 0 15 
28 23 94 5.98 AS 0 38 56 . 543 
29 65 83 5 . 92 G5 0 39 3 . 240 
30 49 164 4 , 85 B3 0 39 15 . 821 

31 11 96 5 , 68 G5 0 44 24 . 741 
32 18 101 6 . 06 A5 0 44 34,794 
33 44 176 6,12 AO 0 47 30 . 102 
34 tl2 20 5.55 AL ù 50 2,723 
35 26 151 5,94 Al. 0 53 16 . 767 

36 22 153 4,62 G5 0 54 31 , 829 
37 33 140 6 , 22 KO 0 55 29,304 
38 79 24 6 , 63 Fl. ü 56 14 , 6n 
39 70 65 6 , 46 AO 0 57 7 , 617 
40 51 220 6,27 K2 l l 5 . 240 

41 12 135 6,2 2 G5 l 3 55 , 560 
42 56 196 6,58 KO 1 3 57,016 
43 43 234 5 , 16 A2 l 5 7,994 
44 31 185 6 , 29 F2 l 5 14 . 858 
45 4 190 5,67 FO l 5 47,450 

46 68 77 5 , 34 AO 1 7 14 , 600 
47 41 219 5,74 GO 1 7 27 , 779 
41:l 64 127 5,49 BI:! 1 l:l 24,519 
49 9 138 6,65 G5 1 8 51,577 
50 23 158 4,64 KO 1 11 1,670 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

Decl. 195 0 

6 . 10 34 2L 48 . 26 
. so 27 23 47.85 
. 28 13 7 4 . 89 
. 13 63 55 4 . 51 
. oz -2 43 32 . 99 

-1. 07 40 45 34 . 28 
- . 12 32 55 41.80 
- . 20 7 57 45 . 31 

. os 47 40 11 . 16 

.s s l .<4 39 . 28 

. 39 13 12 18 . 07 
- . 26 -2 29 43 . 72 

. 23 5 .< 46 11.1:19 

. 80 79 46 31.84 

.9 0 24 45 56 . 36 

. 86 44 7 5 . 48 

.1 9 9 54 58 . 79 
9 . 84 76 44 38 . 04 

.21 6 40 46 . 78 

.91 20 l 8 . 92 

. 76 7 0 4.< 22 . 41 

. 89 - 0 46 48 , 05 

. 0 1 14 57 24 . 54 

. 60 2 51 40 . 76 
-5 . 46 82 13 5 . 70 

.43 59 33 5 . 62 
-.12 39 11 4.67 

. 73 24 21 18 . 68 
- . os 65 52 25 . 89 

, 11 50 14 19,60 

, 35 11 42 5 , 49 
,68 19 18 21 , 03 
, 64 44 43 48,58 

3 , 52 83 26 11 , 98 
- , 15 26 56 19 , 44 

- , 27 23 8 53 , 38 
.37 33 4 0 55 , 20 

3 , 55 80 16 33 , 52 
1 , 75 70 42 50 , 50 

. 10 52 14 6 , 06 

, 08 12 41 18 , 72 
1,34 56 4ù 10 , 42 
1 , 51 43 4J 34 , 51 
1 . 56 31 44 45 , 31 

-1 , 79 5 23 8 , 50 

,68 68 30 47 , 44 
-1 , 24 41 48 57 , 99 

• 31:l 64 45 13 , 82 
,06 10 l 35 , 50 
, 09 24 19 10 , 18 

10011' 1 No. 
a. • 

10.0 8 6 
-. 5 7 6 

. 2 8 8 

.4 7 8 
- . 4 8 7 

-14.4 11 11 
-2 . 1 8 6 
-1 . 0 8 6 

1 . 7 9 7 
1 . 0 6 6 

2 . 9 10 7 
-3 . 2 8 7 

- , 4 8 7 
. s 11 11 

- 1 . 6 8 7 

-1. 0 10 9 
-2 0 . s 8 9 
-2 . 2 9 6 

1.1 8 7 
-4 . 5 6 6 

. 4 7 6 
- 5 . 7 7 7 
-1 , 6 8 6 
-5 . 5 7 7 

9 . 1 8 6 

- . 1 7 8 
- . 4 9 6 

- 2 . 1 8 a 
-, 4 JO 9 
- , 5 6 6 

-2 , 9 8 6 
. 8 7 6 
• 5 7 7 

- 1 , 4 9 8 
1 , 0 6 6 

-4 , 0 7 7 
- 5 , 8 7 7 

2 , 6 8 7 
, 3 7 7 

- 5 , 6 7 6 

3 , 6 9 7 
-12 , 8 8 8 

-5 ,7 7 8 
- 3 , 4 9 9 

-17 , 6 9 7 

-1 , 8 8 7 
-4 , 0 6 6 
- 1 , l 9 6 

, 9 9 8 
- 3 , 0 7 7 

Epocb 

a. • 

56 . 88 56 . 58 
58 . 02 58 . 4 0 
59 . 66 60 . 52 
59 . 98 60 . 32 
57 . 74 57.87 

58 . 05 Sil.OS 
56 . 53 56 . 95 
56 . 39 56 . 57 
56 . 44 56 . 63 
55 . 51 55 . 51 

55 . 96 56 . 32 
55 . 81 55 . 95 
57 . 25 57 . 47 
60 . 0l 60 . 10 
58 . 64 58 . 20 

58 . 20 58 . 48 
58 . 97 59.28 
57 . 09 56 . 60 
57 . 39 57 . 46 
57 . 27 57,27 

56 . 34 56 . 43 
56 . 77 56 , 77 
56 , 27 56 . 62 
56 . 73 56 . 73 
59 . 13 59 . 94 

58 . 90 59 . 88 
57 . 49 57 . 17 
57, 36 57 . 11 
57 . 73 58 , 83 
57 , 77 57 , 77 

57 . 10 57 . 38 
56 , 70 56 , 70 
56 , 62 56 , 62 
57 , 11 57 , 27 
55 , 80 55 , 80 

57 , 47 57 , 47 
59 . 09 59 , 51 
58 . 07 58 . 24 
56 , 07 56 , 22 
56 , 4 7 56 . 75 

57 , 22 57 , 05 
58 , 14 58 .1 4 
58 , 08 58 , 54 
60 , 53 60 , 53 
58 , 65 58 , 47 

57 , 93 57 , 80 
59 , 11 59 , 11 
58 , 56 5 8 , 93 
59 ,1 0 59 , 64 
56 , 50 56 , 50 

0- G. C. 0 - FK3 (Supp.) 

No . âa. ... âa âl 

44 . 051 -. 57 2002 -.065 -.40 
48 . 03 7 . 30 2003 - . 024 - . 18 
75 . ooo - . 33 2004 . 012 - . 15 
94 - . 069 - . OR zoos . 037 - . 32 

124 . ooo . 60 2006 . 003 • 56 

244 -. 021 . 23 2010 . 015 .52 
256 . 014 . 15 2012 , 005 - , 70 
315 . 026 -. 28 2015 . 016 . 11 
335 -. 067 - . 84 2016 . 003 . 30 
346 . 043 . 36 2017 . 019 - . 22 

446 . 017 - . 21 2020 - . 007 . 35 
480 . 054 - . 37 2021 . 023 -. 08 
488 - . 011 . 04 2022 . 021 -. 25 
521 - , 078 -. 35 2023 . 062 -. 37 
527 - , 065 . 09 2024 - . 016 . 01 

546 -. 066 . 01 2027 . 014 . 15 
550 . 057 . 58 2028 . 031 -. 49 
588 -. 021 - . 31 2031 . 103 , 02 
636 . 024 . 12 2032 . 025 , 46 
641 . 029 - . 03 2033 . 001 - . 24 

648 -. 146 -. 12 203 4 . 043 -. 09 
701 . 041 . 09 2036 . Oll -. 06 
728 -. 009 • 20 2039 -. 016 - . 07 
744 . 001 . 35 2040 - , 001 . 01 
760 -. 106 -. 0 1 3941 -, 057 • ll 

762 -.1 21 . 02 2041 . 039 . 65 
812 - , 030 . 40 2043 -. 022 . 38 
822 . 013 . 41 20 44 - . 007 -. 29 
825 - , 188 , 35 2045 -, 007 , 03 
828 , 007 , 61 2046 . ooo , 18 

935 . 012 , 13 2050 , 004 , 32 
938 , 028 , 50 2051 -, 014 - . oo 
999 - , 035 , 31 2055 -. 002 -. 06 

1045 - ,151 -. oz 3942 -, 087 . os 
1105 , 007 , 24 2059 , 007 , 14 

1136 -,052 , 03 2060 - . 020 , 02 
1159 -, 093 - 1 , 13 2061 -, 005 , 36 
1175 -, 139 -. 0 1 2062 -, 099 , 59 
1190 -, 127 , 52 2063 , 042 , 51 
1275 -, 049 , 06 2066 -, 038 ,44 

1336 , 0 1 7 -, 26 2068 , 029 , 27 
1339 -, 125 1, 36 2069 , 033 , 01 
1 364 -, 0 1 5 -, 28 2071 -, 009 ,49 
1368 - , 004 , 54 2072 -, 003 , 19 
1383 - , 006 -. 10 2073 , 007 -, 29 

1406 -, 038 -,44 2074 , 077 -,36 
1410 -, 007 -, 28 207 5 -, 053 , 07 
1434 -, 070 , 87 2078 , 02 4 ,79 
1440 , 035 -, 76 2079 - , 028 . os 
1474 , 0 1 9 , 6 4 2082 -, 038 , 01 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1964-1962 

No. , B.D. No. 1 M~. 1 R.A. 1950 Decl. 1950 

51 15 177 5 . l:S5 Bl:S 1 11 27 . 991 - . 1 1:S 15 5.!. 9 . 68 
52 1 162 5 . 82 F5 1 12 15 . 858 - . 11 - 1 14 27 . 25 
53 47 357 6 . 50 Bll 1 13 26 . 876 . 15 47 49 7 . 37 
54 75 59 6 . 45 A3 1 17 51 . 942 2 . 00 75 58 40 . 06 
55 27 2 15 5 . 60 KO 1 18 21 . 081 . 20 28 28 38 . 9 1 

56 0 223 6 . 411 KL 1 20 2 . 310 . 35 1 27 57 . 32 
57 36 237 5 . 53 AO 1 2u 411 . 444 . 64 37 n 16 . 78 
51:S 2,! û6 6 . 07 F5 l LL 5 1. 410 • lL 23 15 7 . 65 
59 5 194 5 . 12 Kl 1 27 33 . BO 1 . 95 5 53 11 . 96 
6ù 34 265 6 . 28 Ali 1 29 16 . v22 - . 10 34 32 35 . 57 

61 52 382 6 . 80 88 1 32 14 . 786 . 04 53 5 25 . 00 
62 1 219 7 . 03 GO 1 34 42 . 617 - . 05 - 0 36 13 . 84 
63 61 304 6 . 61 AB 1 34 47 . 063 -. os 62 5 52 . 36 
64 57 349 5 . 74 KO 1 34 50 . 329 -. 14 57 43 25 . 72 
65 20 26 4 6 . 86 KZ 1 35 52 . 652 . 36 21 8 40 . 75 

66 43 343 5 . 17 G5 1 36 20 . 374 -. 20 44 7 57 . 84 
67 25 276 6 . 26 F5 1 38 30 . 655 . 85 25 29 37 . 92 
61:1 45 447 6 . 32 F5 1 44 43 . 115 . 09 45 58 54 . 12 
69 31 316 5 . 82 F5 1 45 49 . 237 -1.36 32 26 15 . 54 
70 2 27 0 6 . 00 G5 1 45 50 . 416 -. oz 3 26 11 . 98 

71 54 396 5 . 49 B::I 1 48 41 . 271:S . 24 54 54 3 . 25 
72 4 0 394 5 . 63 Kù 1 50 16 . 762 - . 05 4U 29 2 . 45 
73 8 292 7 . 05 MO 1 51 43 . 542 . 08 1:1 32 9 . 16 
74 67 169 5 . 03 88 1 52 4 . 896 . 22 68 26 27 . 04 
75 22 284 5 . 95 KO 1 53 3 . 382 . 06 23 19 58 . 87 

76 17 289 5 . 16 G5 1 54 36 . 1:134 . 24 17 34 27 . 39 
77 58 341 6 . 58 AO 1 54 49 . 3 18 . 29 59 u 59 . 39 
78 11 261 6 . 14 A2 1 56 44 . 997 . 02 12 :; 11 . 78 
79 76 63 5 . 36 FO 2 0 2 . 304 ::, . 73 77 2 33 . 91 
80 0 307 5 . 56 A5 2 0 37 . 623 . 51 - 0 6 42 . 21 

81 4 324 5 . 92 KO 2 1 9 . 204 . 13 - 4 zu 31.88 
82 80 64 5 . 99 AO 2 3 6 . 834 -1. 41 8 1 3 31 . 98 
83 37 486 4 . 77 A2 2 5 27 . 651 1 . 33 37 37 22 . 58 
84 53 460 6 . 40 G5 2 6 45 . 437 . 34 53 36 28 . 68 
8 5 30 34 7 6 . 20 AO 2 8 29 . 201 . 30 31 17 30 . 53 

86 73 121 6 . 19 G5 2 8 41 . 395 1 . 30 73 47 39 . 34 
87 2 375 6 . 04 KO 2 9 3 . 339 -. 05 - 2 3 34 . 06 
88 4 3 447 5 . 08 KO 2 10 4 . 441 -. 21 43 59 53 . 33 
89 28 374 6 . 57 G5 2 11 43 . 677 1.23 28 27 35 . 78 
90 23 307 6 . 50 G5 2 14 20 . 470 -. 34 23 32 14 . 96 

91 57 535 6 . 09 KO 2 14 26 . 351 . 76 57 4ù 9 . 02 
92 55 598 5 . 22 AL 2 18 5 1. 226 . oo 55 37 4 . 94 
93 1 322 5 . 62 A5 2 19 39 . 365 -. 16 -1 6 41 . 54 
9 4 40 500 5 . 87 FO 2 19 42 . 968 - . 78 41 10 13 . 77 
95 9 316 5 . 53 A5 2 22 7 . 971 . 13 10 23 6 . 75 

96 49 656 4 . 86 K5 2 22 16 . 462 . 24 50 3 13 . 27 
97 5 338 6 . 67 F2 2 23 37 . 919 . 62 6 4 7 . 63 
98 45 614 6 . 77 G5 2 26 30 . 625 . 32 45 48 38 . 57 
99 24 358 5 . 86 F5 2 27 39 . 399 . 46 25 0 52 . 47 

100 19 365 6 . 14 FO 2 27 49 . 835 . 57 19 38 4 . 05 

100,.• I 
- 2 . 4 
21. 0 

- . 2 
-2 . 4 
-6 . 9 

-4 . 4 
-1 . 6 
-3 . 7 
-4 . 3 

- . 1 

- . 3 
-6 . 9 

1 . 7 
- . 5 
-. 3 

1.4 
- 4 . 5 
-5 . 5 
30 . 1 

2 . 3 

- . 5 
- . 1 

. 4 
-. 8 
-. 6 

- 1 . 9 
- 2 . 0 
- 3 . 4 
-5 . 2 

2 . 2 

-5 . B 
. 8 

-3 . 8 
-4 . 7 
-. 9 

-3 . 0 
-2 . 9 
- 1 . 0 

-10 . 2 
-3 . 3 

1 . 2 
• 3 

-4 . 9 
- 10 . 2 

- 1 . 0 

-1 . 3 
-5 . 0 
- 8 . 9 
-7 . 8 
-3 . 6 

No . 

.. ' 
8 7 

lù 8 
11 10 
10 7 

9 7 

11 7 
10 8 

7 6 
8 6 

11 7 

9 6 
8 8 
8 7 
6 6 
7 7 

12 11 
7 6 
8 7 
li 8 
8 8 

9 8 
7 7 
9 8 
9 8 

13 11 

8 8 
6 6 
9 7 
7 7 
9 9 

7 6 
8 7 

10 9 
7 7 
7 7 

8 9 
12 8 

6 6 
8 7 

11 11 

6 8 
8 8 
9 9 
7 6 
7 7 

11 10 
9 8 
8 8 
9 9 
8 8 

Epocb 0 - G. C. 

.. ' No . Aa 

56 . 91 57 . 08 1482 - . 010 . oo 
59 . 15 60 . 12 1501 . 005 -.36 
56 . 71 56 . 90 1519 -.068 .27 
56 . 51 57 . 11 1616 - . 304 -.04 
55.34 55 . 37 1630 . 007 - . 58 

56 . 11 56 . 81 1657 . 026 . 34 
58 . 37 58 . 88 1681 . 012 .11 
56.36 56.28 1722 . 029 1 . 54 
56 . 40 56 . 62 1819 . 016 - . 17 
56 . 19 56 . 84 1850 . 001 . 15 

56 . 72 57 . 37 1910 .001 . 22 
59 . 00 59 . 00 1960 - . 025 - . 25 
57 . 66 57 . 93 1962 - . 027 - . 56 
58 . 61 58 . 61 1965 . 066 . 34 
59 . 63 59 . 63 1980 - . 056 . 37 

58 . 57 59 . 00 1991 - . 014 .46 
55 . 54 55 . 66 2042 . 025 - . 02 
56 . 22 56 . 42 2176 - . 015 . 68 
58 . 03 58 . 03 2195 . 018 - . 10 
59 . 41 59 . 41 2196 - . 020 . 11 

57 . 33 57 . 53 2241 - . 060 . 29 
58 . 53 58 . 39 2274 - . 062 . 24 
58 . 42 58 . 50 2308 - . 015 . 55 
58 . 38 58 . 33 2313 - . 019 . 15 
57 . 59 58 . 63 2323 . 036 - . 23 

56 . 10 56 . 10 2347 . oos . 04 
55 . 55 55 . 55 2353 . 104 . 02 
55 . 94 56 . 26 2395 . 014 . 29 
57 . 01 57 . 01 2459 .014 . 42 
60 . 17 60 . 03 2474 - . 010 . 02 

57 . 71 58 . 20 2485 - . 063 . 30 
56 . 81 57 . 10 2517 - . 232 . 57 
58 . 90 59 . 13 2552 - . 008 - . 18 
58 . 29 58 . 45 2580 - . 073 . 34 
59 . 99 59 . 99 2613 - . 039 . 26 

61 . 92 61 . 90 2618 - . 270 . 02 
60 . 57 60 . 56 2624 - . 008 . 54 
59 . 47 59 . 47 2645 - . 026 - . 34 
56 . 49 56 . 71 2689 . 013 . 61 
59 . 08 59 . 10 2743 . 065 .02 

60 . 0 1 60 . 22 2746 - . 049 - . 26 
55 . 47 55 . 47 2836 - . 010 -.41 
58 . 72 58 . 72 2850 . 006 .43 
58 . 00 58 . 51 2851 . 057 -. 03 
56 . 17 56 . 17 2901 - . 009 -.05 

56 . 63 57 . 09 2902 - . 012 . 35 
58 . 61 58 . 73 2934 -.033 . 65 
58 . 06 58 . 06 2978 . 031 .A2 
56 . 85 57 . 06 3001 . 008 . 22 
57 . 03 57.03 3003 -.019 .56 
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0 - F K3 (Supp . ) 

No . Aa 

2083 . 017 -.22 
2084 - . 032 -.Of! 
2085 - . 031 .42 
2087 -.145 . 25 
20A9 . 006 -.66 

2091 - . 034 - . 10 
2093 . 005 . 54 
2096 -. 014 . 09 
2099 .022 - . 44 
2100 . 018 - . 13 

2102 . 031 - . 15 
2106 - . 04R -. 79 
2107 . 036 . 84 
2108 - . 014 . 48 
2110 .002 - . 22 

2112 - . 030 .39 
2115 . 006 - . 65 
2119 . 005 . 64 
2120 . 051 - . 32 
2121 . 021 - . 01 

2122 . 008 . 43 
2124 - . 002 • 35 
2128 . 010 . 35 
2129 . 037 . oo 
2130 . 018 . os 

2132 .ooo -. 11 
2133 -. 002 . 03 
21'6 - . 005 . 39 
2139 . 044 . 45 
2142 - . 002 - . 09 

2143 - . 016 . 22 
3943 -. 135 . 24 
2145 . 014 -. 36 
2146 . 020 - . 07 
214R - . 105 . 71 

2149 .045 • 09 
2151 . 013 . 25 
2153 - . 025 - . 2A 
2155 - . 001 -.·n 
2156 .002 • 43 

2157 - . 015 . 11 
2159 .004 - . oz 
2160 -. 043 . 46 
2161 - . 038 -. 07 
2164 - . 011 - . 21 

2165 -.015 . 32 
2166 . 016 -.19 
2169 . 015 . 81 
2171 .025 . 02 
2172 .013 . 42 
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No. r B.D. No . 1 M~. 1 R.A. 1950 

101 83 56 6.82 KO 2 28 38 . 679 
102 1 438 5.44 KO 2 L8 54 . 739 
103 76 81 6.86 MO 2 29 3 , 297 
104 70 183 6.73 KO 2 29 23 . 543 
105 14 419 6.07 f5 2 30 9.524 

106 65 280 6.07 KO 2 33 29.299 
107 11 360 5 . 68 F5 2 33 54 . 035 
108 4 436 5.84 KO 2 35 10.481 
109 60 548 6 . 99 FO 2 38 42 . 593 
110 39 610 4.99 GO 2 39 4.956 

111 54 598 5 . 66 B8 2 39 27.174 
112 80 86 5.92 KO 2 40 25.390 
113 17 426 6 . 47 KO 2 41 31.354 
114 0 469 7. 08 G5 2 47 3 . 417 
115 37 646 4.27 FO 2 47 25.094 

116 68 200 6 . 0- f5 2 47 28 . 799 
117 46 648 5.97 G5 2 48 20.145 
118 34 527 4.67 K5 2. 48 25.464 
119 60 591 5 , 63 F5 2 51 57,726 
120 17 458 5.57 f5 2 53 36.465 

121 31 509 5.18 AO 2 54 14 . 733 
122 3 410 6 . 31 MO z 54 27 . 196 
123 39 681 4 . 62 A2 2 55 33 . 232 
124 3 475 5 , 48 B9 2 57 9.516 
125 10 401 6 . 20 K5 2 58 1.160 

126 25 477 5,91 A2 2 58 56 . 973 
127 56 767 5 , 08 KO 3 1 45 , 937 
128 1 534 6 , 05 KO 3 2 2,754 
129 63 390 5 , 82 B9 3 3 6 , 493 
130 12 436 5,84 G5 3 3 38 , 709 

131 80 97 5,95 AZ 3 3 47 , 894 
132 6 606 5,56 MO 3 4 4 , 953 
133 73 168 4,89 A2 3 6 27,603 
134 4 540 6,34 MO 3 8 48,412 
135 47 779 6 , 42 Kù 3 8 58,127 

136 6 496 5 , 84 G5 3 9 46 , 961 
137 59 609 7 . 09 B5 3 10 7 , 366 
138 38 690 5,97 AO 3 14 30 , 759 
139 69 205 6 , 68 AO 3 15 16 , 203 
140 33 619 4 , 92 KO 3 15 35 , 739 

141 28 516 4,72 K5 3 17 18,430 
142 42 750 4,98 A2 3 18 4 , 971 
143 0 581 6 , 64 KO 3 21 1 , 834 
144 24 481 5 , 66 KO 3 21 20 , 958 
145 12 473 6,22 G5 3 21 24 , 807 

146 18 484 6,45 A'- 3 24 11 . 6 73 
147 5 502 6,12 G5 3 1.8 5,881 
148 45 778 5,35 FO 3 28 57,800 
149 72 178 6,41 AO 3 29 40,730 
150 57 730 6 , 41 F5 3 29 42 , 891 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

Decl . 1950 

- 2 . 16 83 36 57 . 37 
, 15 2 2 47.58 

2 . 24 76 29 58 . 21 
1 . 41 71 4 32 . 29 
- . 13 14 48 51.91 

. 80 65 31 44 , 08 
1 . 90 12 13 54 , 79 

. 27 -3 36 41.32 

. 04 61 u 53 . 88 
- . 12 39 59 1 . 75 

.46 54 53 38 . 95 

.70 81 14 22 . 65 
, 28 17 33 12 . 48 
.22 0 42 52 , 90 

1 . 61 38 6 50 . 63 

.12 68 40 59 . 49 
- . 28 46 38 13 . 68 

. 14 34 51 19 . 34 
2 . 06 61 19 7 . 41 
1 . 94 17 49 29 . 90 

. 01 31 44 3 . 23 

.os 4 18 0 . 67 

. 21 39 27 50 . 66 
- . os - 2 39 46 , 16 

. 54 10 40 24.04 

-. 10 26 15 56 . 96 
- . 17 56 30 40 . 24 

. 20 l 40 10 . 49 
-. 22 63 51 55 , 55 

. oo 12 59 44 , 14 

-2 . 16 81 16 50 , 86 
, 03 - 6 16 50 , 54 
, 52 74 12 22 , 19 

- , 08 - 3 59 57 . 88 
,73 47 32 22 , 86 

- . os 6 28 25 , 76 
, 03 59 22 38 . 61 
, 23 39 6 4 , 65 
, 42 69 33 1 , 68 
, 03 34 2 28 . 40 

, 01 28 52 6 , 89 
-. 52 43 9 2 , 13 
- . 04 0 44 4 , 78 

.10 24 32 54 , 41 

. 10 12 27 12 , 59 

, 34 18 34 58 , 15 
, 20 6 1 8 , 28 

-,50 45 53 21 . 01 
,34 73 10 49 , 01 

- . 17 57 42 2 , 21 

100,.• l 
3 . 1 
-. 3 

-4 . 7 
- 6 . 0 

4 . 3 

-. 7 
- 8 . 2 
-3.8 

2 . 6 
- 18 . 6 

-2 . 1 
-6 . 8 
-3 , 3 
-3 . 3 

- 10 . 6 

- . 7 
- 2 . 4 
- 6 . 4 

3 . 7 
- 20.9 

-3 . 2 
2 . 5 

-3 . 9 
-2 . 0 
- 2 . 9 

. 7 
7 , 6 

. 8 
1 , 3 

- 5 , 8 

- . 3 
-.4 

-8 , 6 
-3 . 3 
- 7 , 7 

. o 

. 4 
-1, 4 

. o 
-1 . 2 

- 1, 4 
- , 1 

- 10,8 
-4 , 5 
- 2 . 1 

, 2 
- 1 . 2 
- 6 . 8 
-2 . 0 
-, 1 

No. 

a 1 

8 9 
7 7 
6 7 
7 7 
9 9 

10 10 
8 8 
9 7 

10 7 
9 9 

8 8 
8 7 

10 9 
9 8 
7 7 

7 7 
7 7 
8 7 
7 8 
8 8 

7 7 
6 6 
9 9 
8 9 
9 8 

6 7 
7 7 
6 7 
8 7 
9 8 

9 8 
10 8 

6 6 
9 8 

10 9 

6 6 
6 6 
8 8 
7 7 
9 7 

7 8 
9 9 
7 7 
8 8 
8 8 

8 8 
7 7 
8 6 
6 6 
6 6 

Epoch 

a 1 

61 . 71 61 . 83 
60 . 31 60 . 48 
61 . 65 61 . 08 
58 , 82 58 . 95 
57 , 01 57 , 01 

58 . 79 58 . 89 
60 . 23 60 . 23 
57 . 08 57 . 45 
57.19 57 . 37 
57 . 50 57 . 50 

57 . 15 57 . 27 
60 . 58 60 . 41 
57 . 98 58 . 23 
57 , 87 57 . 60 
58 . 44 58 . 44 

59 . 21 59 . 21 
60 . 47 60 . 47 
61 . 57 61 . 54 
59 . 08 59 . 28 
57 . 84 57 . 84 

58 . 96 58 . 68 
59 . 77 59 . 77 
58 . 78 58 . 78 
58 . 32 58 . 82 
58 . 59 58 , 56 

58 . 38 58 . 15 
57 , 26 57 . 26 
57 . 44 57 . 67 
58 , 02 58 ,19 
60 . 40 60 , 23 

59 , 26 59 , 70 
57 , 23 57 . 57 
56 . 71 56 . 71 
58 . 51 58 , 85 
60 , 63 60 , 50 

59 , 66 60 , 49 
58 , 20 58 , 20 
57 , 93 57 , 92 
59 , 14 59 . 14 
58 ,1 9 58 , 86 

57 , 45 57 , 37 
59 , 23 59 , 23 
56 , 73 56 , 73 
60 , 07 60 , 07 
60 , 80 60 , 80 

56 , 26 56 , 26 
56 , 86 56 , 86 
59 , 07 59 , 64 
60 , 68 60 , 68 
58 , 88 58,88 

0-G. C . 0 - FK3 (Supp.j 

No. Aa No. Aa Al 

3019 - . 096 - . 78 3944 - . 257 .11 
3029 - . 001 -. 17 2173 , 024 . 09 
3033 - , 299 . 69 2174 . 090 . 19 
3041 - . 129 - . 08 2175 . 016 . 21 
3055 - . 035 . 35 2176 . 012 -. 21 

3125 - . 108 . 27 2178 . 019 . 28 
3133 - . 002 -.16 2179 -, 002 - , 22 
3158 -. 026 . 25 211!0 -. 005 . 46 
3238 - . 011 - 3 . 83 2186 . 007 . 31 
3245 - . 043 . 33 2187 - . 005 . 14 

3253 - . 029 . 43 2188 , 039 . 35 
327-0 -. 242 . 09 3945 -. 228 . 15 
3294 -. 019 -. 06 2190 .002 . 07 
3392 - . 059 . 37 2193 -. 003 - . 30 
3401 . 010 -. 25 2194 -. 026 . 33 

3403 - . 097 , 24 2195 . 018 - . 17 
3418 . 014 . 01 2197 . 017 • 31 
3419 - . 092 . 22 2198 -. 019 -. 36 
3487 -. 082 -. 31 2201 . 013 - .18 
3532 -. 024 . 0 1 220 4 -. 008 -. 23 

3544 -. 001 . 28 2205 -. 010 . 23 
3547 . 013 -. 10 2206 , 007 - , 37 
3567 -, 062 . 03 2207 -. 046 -. os 
3597 . 008 . 10 2209 -. 011 . 01 
3616 -, 009 -. 39 2213 . 04 1 -. 91 

3629 -, 030 . 04 221 4 , 007 -.21 
3674 -. 057 -. 10 2217 , 049 , 34 
3683 -. 019 -. 35 2218 . 0 12 -, 32 
3705 . 0 1 1 , 13 2219 , 072 , 92 
3712 -. 022 - . 16 2220 -, 026 -, 32 

3715 -. 122 . 29 39 46 -, 190 , 42 
3718 -. 002 .1 2 2221 -. 025 -. 18 
3759 - . 160 , 11 2222 -, 048 , 07 
3806 -, 009 1 . 11 222 4 . 0 10 -, 42 
38 12 -. 027 . 06 222 5 -, 048 ,27 

3827 -. 008 , 06 2226 , 031 , 03 
3836 -. 064 . 17 2227 , 027 . 21 
3927 -. 041 , 5 1 2 230 -. 0 12 , 51 
3938 -. 200 , 08 2231 -. 060 . 21 
3948 . ooo , 17 2 232 , 006 -, 31 

3981 - , 050 - , 23 2234 -, 026 -. 56 
4004 - . 054 , 23 2236 -. 071 , 15 
4046 .01 0 1, 14 2239 ,041 ,76 
4051 -. 009 - . 03 2240 -. 020 -, 04 
4056 , 027 -. 02 2241 . 002 -, 28 

4103 -, 028 - ,48 22 4 2 , 005 -,47 
4183 , 069 -. 02 224 7 , 002 ,27 
4210 -. 011 -. 20 2249 -, 0 15 , 02 
4225 -. 11 1 -, 04 225 1 -, 004 . oz 
4226 , 138 2 , 55 2252 , 044 , 32 
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No. 1 B.D. No. 11-16p. 

1 
R.A. 

1 
100,.• I No. Epoch 0-G.C . 

A• 1 

0 - FK3 (Supp.) 
1950 100,i Decl. 1950 

a • a • No. Aa No • Aa Al 

151 39 !lll 5 . trn AO 3 30 16 . 74 3 .08 39 43 57.21 -3 . 9 7 7 56.72 56. 71 4236 .014 -. 07 2254 .004 -.45 
152 31 616 6.62 FO 3 31 53 . 828 . 44 31 51 4.90 -4.5 7 6 55.83 55 . 64 4264 - . 030 .89 2255 - .009 .75 
153 16 484 6.33 G5 3 36 35.789 .29 16 22 31.49 -3 .3 8 7 56.62 56. 73 4348 - . 014 -.14 2257 - . 005 -.2, 
154 2 581 5.76 G5 3 37 14.664 - .23 2 53 43 . 89 l • l 9 7 56.79 56.75 4365 - .026 -.2R 225R - . 001 -.14 
155 5 715 5 . 52 B8 3 38 9 . 639 -.01 -5 22 15 . 16 - . 4 11 9 58.70 59 . 41 4395 - .025 .27 2260 - .002 .09 

156 74 16!:I 6 . 82 G5 3 39 15 . v45 . 62 74 23 5.87 3 . 8 10 7 59.57 60.46 4423 - . 234 -1. 19 2262 -.044 .40 
157 19 578 5.50 B8 3 39 25 . 627 . 03 19 3 2 29 . 68 -1 . 2 6 6 58.25 58.25 4430 -.013 -.21 2263 -.009 -.25 
158 45 804 6 . 09 AS 3 41 9 . 931 -. 04 45 56 36.43 -3.7 10 11 58.54 58.38 4459 -.040 .82 2266 -.042 -.11 
159 66 284 5 . 84 F2 3 41 15 . 312 l.68 67 2 49 . 94 -1 0 . 9 7 7 61.27 61 . 27 4463 - .193 -.01 2267 .033 .28 
160 36 742 5 .57 A2 3 41 16.806 .40 36 18 13 . 86 -3.5 8 7 59.10 59.42 4464 -.020 -.25 2268 -.008 - .11 

161 9 494 6.95 G5 3 45 47 . 384 . 49 9 29 35.68 1.3 8 6 58 . 92 59.74 4574 .012 -.22 2270 .043 -.os 
162 0 602 6. 10 KO 3 46 4.812 . 39 0 4 32.20 -.4 6 7 60. 72 60 . 29 4584 -.036 -.03 2273 - .046 -.14 
163 52 715 6 . 87 B2 3 46 38 . 457 . 01 52 19 51 . 11 -.6 6 6 57.22 57 . 22 4598 -,040 ,46 2274 -.ooo -,01 
164 6 594 5,62 B9 3 49 20,05!1 , 07 6 23 9 , -34 -.4 7 6 58 . 86 59 , 37 4662 - ,017 -,33 2275 ,012 -. 14 
165 71 222 6.39 FO 3 51 4.330 -1. 02 71 40 34 . 00 1,0 9 9 60,5"1 60,51 4691 -,092 -1 ,07 2277 -,098 .20 

166 86 51 5,84 F5 3 51 16.143 16,77 86 29 19 , 82 -7,5 7 7 60.69 60 , 55 4693 -,398 ,33 3947 -.478 ,38 
167 47 912 5,34 B5 3 5L 21,475 ,1 9 47 43 35 , 26 -.l.8 10 8 58 , 22 58 ,75 4721 -,011 .60 2279 -,045 ,12 
16!:I 62 628 4,!:17 A9 3 52 59 ,47!l , 07 62 55 41,10 . 6 7 6 57.49 57 , 56 4730 ,009 ,31 2281 -,023 ,21 
169 22 60 5 5,76 FO 3 53 54,496 ,51 22 20 8 , 07 -10,8 8 6 57 ,1 0 57 , 68 4744 - . 021 -,04 2283 -.010 -,11 
170 77 138 7, 04 KO 3 56 2 , 331 ,15 78 3 48,86 -2.7 9 8 57,64 57 , 71 4781 -,435 ,92 2285 -.142 ,17 

171 17 666 5,76 FO 3 57 55,668 , 94 18 3 16 , 28 -3.3 8 7 57,20 57 , 52 4807 - . 012 ,30 228R ,030 -,04 
172 58 690 5,07 FO 4 0 16,217 , 01 59 l 7,93 • 2 9 7 57,71 58,19 4858 - . 052 ,04 2290 ,024 ,34 
173 68 303 6, 14 K2 4 l o . 338 ,2 4 68 32 40 , 13 1,2 7 7 59,05 59 , 05 4874 - , 091 - . 37 2291 , 081 -. 11 
174 2 645 5,39 F5 4 l 32 , 835 1,00 2 41 32,80 -12,4 10 8 58,92 59 , 62 4892 -,005 -.01 2292 ,016 .oo 
175 28 619 5,29 FO 4 3 54,654 -,64 28 52 4,14 , 6 8 8 55 , 92 55,92 4944 -.024 ,15 2295 ,004 ,01 

176 42 !197 6,67 B8 4 4 44,277 ,07 43 3 32,66 -2.0 8 7 59 , 39 60,02 4958 -,003 -.11 2296 .012 -. 38 
177 37 882 5.59 F8 4 5 16,209 1.42 37 54 38 ,5 0 -20.0 7 8 57 , 34 57 , 27 4973 - . 041 - . 12 2297 -,006 , 04 
178 13 648 6,02 fl9 4 6 13,802 ,10 13 16 2,35 -,9 10 9 57 , 59 57 . 76 4994 -,010 -.09 2298 -.024 - , <12 
179 33 807 5,91 KO 4 7 46 , 068 ,02 33 27 27 , 96 -1.6 9 9 57 ,57 57,57 5018 -,060 ,32 2300 -.022 ,33 
180 5 601 5, 71 FO 4 8 40,366 1,00 5 23 39 ,74 1,1 9 6 57,52 58.10 5042 - . 035 -. 19 2301 ,004 -,66 

181 57 785 6,09 A2 4 10 5'4,785 , 03 57 20 6,20 -1.0 7 6 57.42 57 , 64 5091 -,057 ,4 7 2304 ,008 , 34 
182 l 600 6,34 B5 4 11 5,647 , 05 -1 16 32 , 68 . 2 7 8 58 ,43 58 , 34 5097 -,041 - , 51 2305 .002 -,22 
183 40 912 4,89 GO 4 11 28,683 , 15 40 21 32 . 21 -2,5 7 7 58,51 59,09 5103 -,056 -.14 2306 -.oos , 38 
184 53 750 5,12 A2 4 12 48,332 -,10 53 29 18,63 - .l 10 9 58. 73 58 , 39 5132 -,077 ,2R 2310 -, 016 ,25 
185 75 173 6,63 B5 4 14 43,002 , 60 75 59 11,82 - 2 . 2 7 6 57,94 57,91 5180 - . 190 . 64 2312 -.047 . 23 

186 21 618 5,56 A5 4 15 25 , 400 ,7 0 21 27 31,33 -3,5 8 6 57 , 33 57, ·,5 5189 -.010 -.11 2313 , 006 -,43 
187 64 433 5,40 GO 4 15 56,912 -,42 65 l 16, 11 -.2 11 10 57,85 57,93 5199 -,031 ,12 2315 ,007 , 27 
188 50 973 5,54 A3 4 16 23 , 606 , 09 50 48 5 , 59 -.4 9 8 59.92 59,69 5207 -.062 ,04 2316 -,052 ,13 
189 60 800 5,67 KO 4 17 25 ,791 ,79 60 37 8 , 97 -10,6 7 6 58,80 59,26 5244 - . 033 -,34 2317 . 012 -. 13 
190 46 872 4,89 A3 4 17 55,691 .21 46 2L 53,60 -3,9 6 6 61,91 61 , 91 5256 .010 , 68 2319 -,017 1,02 

191 5 631 5,90 G5 4 18 1,110 -.11 6 0 47 ,03 -4,8 7 7 60,20 60,20 5259 -.011 ,23 2320 - . oos ,19 
19.l 80 133 5,58 KO 4 l!I 14,432 ,40 80 42 35 .47 -2.0 9 7 59.66 59,47 5265 .017 .46 2321 -.097 ,37 
193 7 798 5,72 B8 4 18 17,195 , 02 -7 42 38 ,16 -.4 8 8 61,31 61 , 31 5267 -.033 ,34 2322 -,007 ,45 
194 57 800 6,23 AO 4 22 50 , 993 ,1 8 57 28 24 , 05 -1.8 12 10 59,74 59 . 89 5358 -,036 ,39 2324 ,062 , 40 
195 31 776 5,33 KO 4 22 54 , 969 ,6 0 31 19 40 , 72 -11,8 8 7 60,70 60 , 98 5359 -.060 ,49 2325 - , 018 ,73 

196 22 696 4,40 A5 4 23 18,683 ,7 8 22 42 6,80 -4,7 10 10 59 , 13 59 , 13 5370 -,018 ,13 2326 -.021 -,12 
197 8 687 5,99 B5 4 23 38,162 , 02 8 28 41 , 88 -1 , 4 8 8 57,97 57,97 5378 -.039 ,64 2327 -,013 -. 17 
198 12 598 5,12 A5 4 26 1,877 ,76 12 56 18,46 - 1 , 3 6 6 58 , 37 58,37 5443 -,064 , 21 2330 -,006 ,30 
199 27 661 6,61 AO 4 26 14,247 ,1 4 27 17 44 , 04 -2.2 6 6 58, ll 58. 11 5447 -,051 -.27 2331 -,003 ,45 
200 72 227 5,97 A5 4 27 40,853 ,77 72 25 26 ,57 -7,9 6 6 57 , 30 57,30 5478 - , 097 -,45 2333 ,009 -,22 
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No. , B.D. No. 1 M-+Bp. R.A. 1950 

201 5 679 5.78 AO 4 31 28.550 
202 63 515 5.91 AO 4 31 41.975 
203 8 887 5.45 MO 4 31 47 . 019 
204 40 1000 4.46 KO 4 33 13.173 
205 0 798 5.32 85 4 34 38.905 

206 20 785 5.73 89 4 35 18.594 
207 12 618 4.30 A3 4 35 21.524 
208 24 674 6.27 A3 4 36 19.934 
209 7 681 5.55 FO 4 36 23.516 
210 15 666 4 . 85 A3 4 36 24 . 689 

211 79 150 6 , 57 AO 4 36 57 . 891 
212 48 1128 5.70 AO 4 37 39.838 
213 37 954 5 . 82 F5 4 38 25 . 995 
214 43 1043 5.25 AO 4 39 n.D68 
215 11 646 5.43 AD 4 43 14. 711 

216 70 322 6 . 39 B9 4 44 59.167 
217 31 Rl6 5 . 76 KO 4 46 0.293 
218 48 1162 5.79 G5 4 47 23.357 
219 63 543 5 . 81 MO 4 47 23.564 
220 27 701 5.91 F2 4 49 39 . 485 

221 5 1068 4.45 FO 4 50 26 . 134 
222 80 155 5,32 KO 4 50 54 . 314 
223 55 941 5.58 AO 4 50 57 . 320 
224 11 675 5.15 A3 4 52 0 , 310 
225 7 755 5,54 KO 4 52 5,411 

226 1 762 6,23 F2 4 54 44.808 
227 24 717 5.65 89 4 55 5.577 
228 0 923 6. 18 KO 4 59 15.807 
229 3 998 5.98 85 5 2 24.290 
230 35 973 6 . 37 A3 5 2 40 . 258 

231 69 302 6. 58 KO 5 4 7 . 395 
232 20 885 5 . 29 A3 5 4 50 , 661 
233 64 500 6 . 40 F2 5 4 52 . 033 
234 48 12Z6 6.63 A3 5 5 15 . 6B 
235 73 274 5 . 38 AO 5 6 2 . 596 

236 2 1165 5,93 F2 5 8 48,039 
237 15 759 5,36 KO 5 8 49.075 
238 53 872 6 . 16 AD 5 10 43,166 
239 4 877 5 , 82 KO 5 12 4 , 440 
240 11 756 5 , 50 AO 5 13 17.321 

241 71 299 6 . 76 G5 5 14 46 . 318 
242 62 742 5,88 K2 5 15 41 . 997 
243 21 816 5,14 KO 5 16 16 , 152 
244 33 1013 5 . 16 A5 5 16 42,984 
245 41 1162 s . 12 B3 5 18 15.785 

246 8 933 5,71 B2 5 19 0 . 103 
247 57 879 5 . 25 AO 5 19 10 . 567 
248 77 195 6,54 A5 5 21 42 , 082 
249 1 1005 4 . 73 B3 5 22 8,982 
250 35 1102 6,30 K2 5 23 33 , 646 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

Decl. 1950 

- . 13 5 27 55 . 38 
-.32 64 9 35 . 59 
-. 18 -8 20 4 . 74 
- . 10 41 9 51 . 05 
-.03 0 53 54 . 66 

-.10 20 35 9 . 43 
. 69 i; 24 43.63 
.16 7 14 . 69 
. 60 7 46 23.38 
. 58 15 49 13 . 99 

- . 45 79 33 46 . 22 
. 46 48 12 20 . 96 

2,04 38 11 11 . 41 
. 39 43 16 19.45 
,49 11 36 56 . 91 

.32 70 51 20 . 55 

.16 31 21 8 . 30 
- . 35 48 39 24 . 24 

.67 63 25 21.86 

.39 27 48 56 , 93 

-.12 -5 32 5 . 79 
. oo 81 6 59,73 

- . 10 55 10 45 . 01 
-,09 11 20 45 , 54 
-.13 7 41 59 . 09 

-.27 -1 8 36 . 78 
.24 24 58 30 . 03 
.11 0 39 4.00 
. oo -3 6 26.55 

-.07 35 52 10 . 90 

1,33 69 34 35 . 25 
-.32 20 21 15 . 25 

. 39 64 51 31.24 
- . 22 49 3 29 . 80 

.21 73 53 9.86 

. 48 -2 33 3 , 95 
,08 15 59 8 . 13 
,19 53 9 25 . 28 

-,04 5 5 59 . 16 
- . 02 11 17 12 . 13 

-,39 71 39 49 . 58 
.os 62 36 11 . 17 
. 10 22 2 47 . 69 
.01 33 54 28.14 
. 18 41 45 24.56 

.01 8 22 50,12 

. 33 57 29 54.23 

.36 77 56 9,98 

. oo 1 48 8 , 11 
- . 13 35 24 55 . 15 

l OOi,' 1 

-1.0 
-1 . 4 

. 7 
-1 . 8 

- . 3 

- . 7 
-1.2 
-,4 

. 2 
-1.8 

1. 5 
-4 . 4 
-9.8 
-5.1 

- . 5 

-1 . 5 
-10.3 
-4 . 2 
-9.6 
-3 . 2 

2 . 4 
2 , 9 
-. 8 
2 . 0 

-3 . 2 

-3 . 6 
- 5 . 1 
- 3 . 1 

• 2 
. o 

-6 . 5 
-3 . 6 

- 16 . 8 
- . 5 

-3.3 

1 . 0 
. 6 
• 0 
, 9 

-1 . 0 

-1 . 8 
. 3 

- 8 , 3 
-1 . 3 
-3 . 5 

. 2 
- 5 , 7 
- 1 . 3 

. o 
-1 . 1 

No. 

a a 

9 7 
7 6 
8 8 
7 7 
7 7 

6 6 
8 8 
9 7 
8 7 
7 7 

8 7 
6 6 

12 10 
7 6 
7 7 

8 7 
9 7 
7 7 
8 9 
7 7 

7 6 
10 8 

6 6 
9 8 
9 9 

8 7 
9 7 
7 7 
8 7 
9 6 

6 7 
7 7 
8 6 
6 6 
9 9 

9 9 
6 6 
7 7 
9 8 
8 9 

8 7 
6 7 
6 6 
6 6 
9 10 

8 8 
9 9 

10 7 
6 7 

11 9 

Epoch 

a f 

58.27 58 . 32 
60 . 18 59 . 92 
60 . 48 60 . 48 
58 . 30 58 . 30 
59 . 07 59 . 07 

58 . 65 58 . 65 
60 . 75 60 . 98 
56 , 85 56 , 92 
58 . 93 58 . 90 
61 . 34 61 . 34 

61 . 09 60 . 55 
57.34 57.34 
58 . 83 59 . 27 
58 . 81 58 . 80 
60 . 72 60 . 72 

58 . 10 57 . 97 
56 . 90 57 . 13 
58 . 14 58 . 14 
60 . 08 60 . 17 
57 . 95 57 . 95 

58 . 63 59 . 06 
61.94 61.97 
60 . 50 60 . 50 
57 , 73 57 . 94 
60 . 25 60.25 

56 , 58 56 . 65 
56 . 90 57 . 44 
58 . 48 58 . 48 
56 . 65 56 . 73 
57 . 06 57 . 04 

58 . 13 57.55 
56 , 98 56 . 96 
58 . 15 58 . 67 
59 . 71 59 . 71 
61 . 10 61 . 10 

58 . 32 58.63 
57 . 95 57 . 95 
56 . 77 56 . 77 
58 . 87 59 . 09 
59 . 98 59 . 74 

58 . 32 58 , 50 
58.61 58,49 
58 . 90 58 . 90 
61 . 43 61 . 43 
59 . 99 59 . 77 

58 . 97 58 . 97 
59 , 73 59 . 73 
60,82 61 , 46 
56 . 86 56 . 89 
59 , 31 60 . 04 

0 -G .C . 0 - FK3 (Supp . ) 

No. â a No. âa 

5570 - . 027 . 57 2335 - . 024 . 46 
5574 - . 025 . 82 2336 . 020 . 10 
5576 .016 - . 21 2117 . 011 - . 22 
5609 . 019 . 56 2338 -. 017 . 61 
5627 - . 017 .02 2339 . 010 .lR 

5644 - . 0% . 10 2341 - . 010 - . 28 
5645 - . 061 - . 06 2342 -.043 . 10 
5663 - . 044 -. 45 2343 , 020 -.04 
5665 . 016 - . 20 2344 . 008 - . 45 
5666 - . 021 - . 12 2345 - . 004 . 22 

5677 - . 019 - . 17 2346 - . 153 -. os 
5687 - . 056 , 08 2347 - . 065 . o9 
5701 - . 042 . 27 2348 -. 082 . 20 
5719 -.068 .51 2349 - . 04R . 41 
5802 - . 033 . 01 2353 - , 024 . 07 

5835 - . 188 . 12 2358 . oso 1 . 56 
5853 -. 002 - . 10 2359 -. 007 -. 5, 
5880 - , 002 . 76 2361 -. 010 . 57 
5881 - . 096 . 04 2362 - . 093 - . 12 
5940 - . 026 . 60 2365 . 001 1 . 02 

5954 -. 028 - . 39 2166 , 015 - . 4R 
5962 - . 151 • 16 3948 - . 210 - . ,6 
5964 - . 061 , 48 2367 -.038 . 38 
5983 - . 022 . 26 2368 - . 006 , 5R 
5986 - . 019 . 20 2369 . 012 - . 02 

6043 -. 027 1 . 00 2373 . 010 -. 47 
6048 -. 039 - . 0 1 2374 . 0 15 - . 30 
6143 -. 088 . 76 2376 -. 008 . 93 
6206 - . 007 . 06 ~378 , 032 . 20 
6216 -. 035 - . 25 2379 -. 090 . 65 

6245 - . 203 . 61 2382 -. 069 . 32 
6259 -.045 . 29 2383 . 006 . 18 
6260 - . 328 -. 31 238 4 . 02 1 . 72 
6272 . 026 . 56 2386 -. 055 - 1 . so 
6288 -. 140 . 76 2387 . 012 • 51 

6348 - . 006 -. 71 2390 . ooo - . 44 
6350 - . 055 . 10 2391 . 008 . 15 
6383 - . 130 . 27 2393 . 023 -. 06 
6407 -. 032 - , 29 2394 -. oos • 07 
6436 -. 033 -. 07 2195 . 022 • 03 

6471 - . 133 , 30 2396 , 037 -. 10 
6496 - . 054 -. 07 2397 . oos . 29 
6506 - . 048 - . os 2398 -. 039 . 03 
6515 - . 001 . 3 4 2399 , 034 , 23 
6556 - . 072 -. 10 2400 - . 057 . 17 

6574 - . 019 -. 50 2401 , 016 -. 55 
6578 -, 080 ,1 4 2402 , ORS -. 03 
6647 - , 089 , 06 2404 , 034 , 65 
6660 -. 026 . 28 2406 , 008 , 06 
6691 -. 003 -. 02 2408 , 046 -. 66 



RESULTB OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No. , B.D. No. 1 M+Bp. 1 R.A . 1950 Decl. 1950 

251 41 1206 6 , 09 KO 5 27 16 , 435 -. 14 41 25 30 . 08 
252 14 947 5 , 58 83 5 31 3 , 642 - . 04 14 16 20 . 28 
253 23 954 5 , 28 A3 5 32 23 , 751 , 08 24 0 29 , 53 
254 54 914 5 , 96 K5 5 32 28 , 700 , 01 54 23 52 . 17 
255 47 1178 6 , 05 FO 5 3;i 29 , 162 , 12 47 41 4 , 43 

256 10 828 6 , 10 KO 5 34 17 . 522 , 32 11 0 20 . 77 
257 4 1002 4 , 54 B3 5 36 32 , 620 - . 02 4 5 40 , 68 
258 25 902 5 , 00 A3 5 36 38 , 111 , 17 25 52 15 , 38 
259 31 1048 5 , 96 Btl 5 37 21 , 641 , 13 31 19 57 , 93 
260 65 485 5 , 78 KO 5 37 25 . 409 . 02 65 40 25 . 25 

261 l 1105 5,24 G5 5 39 53 , 376 -, 36 l 27 7 , 13 
262 42 1396 6 , 41 KO 5 43 39 , 741 , 17 42 3v 37 , 17 
263 9 954 5 , 89 G5 5 44 7 , 324 -. 23 9 30 20 , 58 
264 13 979 5 , 20 B5 5 44 52 , 619 . 11 13 52 59 , 2B 
265 24 970 5 , 02 KO 5 45 56 , 718 , 03 24 33 9 , 30 

266 71 324 7 , 17 A3 5 46 26 , 502 , 36 71 16 35 , 43 
267 51 1117 6 , 40 G5 5 46 57 , 823 1. 81 51 30 6 , 52 
268 68 4 12 6 , 40 KO 5 47 32 , 496 , 32 68 27 37 , 03 
269 4 1052 6 , 12 KO 5 47 34 , 114 , 12 4 24 37 . 92 
270 37 1336 4 , 99 MO 5 47 37 , 664 , 36 37 17 35 , 60 

271 7 1187 5 . 32 B3 5 48 57 , 055 . 01 -7 31 47 , 71 
272 33 1179 6 , 38 MO 5 49 21 , 401 , 09 33 54 23 , 27 
273 l 1151 5 , 01 KO 5 49 50 , 556 - , 04 l 50 40 , 20 
274 59 920 5 , 26 AO 5 50 28 , 949 . os 59 52 47 , 29 
275 19 1126 5 , 89 B2 5 51 58 , 979 . 01 19 44 30 . 23 

276 66 413 6 , 59 KO 5 52 30 , 19'.:l , 73 66 5 25 , 45 
277 11 975 6 , 08 G5 5 54 1 , 734 , 68 11 3ù 58 , 40 
278 9 1 285 5 , 10 A5 5 56 41 , 783 , 11 -9 33 37 , 20 
279 16 957 6 , 75 K2 5 57 31. 013 -, 02 16 17 52 , 60 
280 3 1256 4 , 68 KO 5 57 33 , 158 , 06 -3 4 28 , 95 

281 48 1333 6 , 24 KO 5 57 52 , 548 -, 07 4B 57 33 , 57 
282 75 247 6 , 52 K5 5 58 15 , 491 , 55 75 35 17 , 76 
2tl3 42 1473 6 , 13 G5 5 59 41 , 589 1 , 08 42 54 55 , 25 
284 51 1146 6 , 30 A5 6 0 3 1. 130 , 06 51 34 37 , 49 
285 38 1377 5 , 31 A3 6 3 8 , 208 . 12 38 29 21.31 

2t!6 4 1362 5 , 37 B3 6 4 9 , 900 -, 06 -4 11 13 , 56 
2tl7 19 1253 5 , 70 B9 6 9 3 , 56t> , 04 19 48 12 , 86 
288 32 121 7 5 , 96 K2 6 9 3 , 56ù , 06 32 42 22 , 99 
289 13 1173 5 , 81 R2 6 12 18 , 178 . 23 13 52 3 , 09 
290 6 1469 4 , 09 KO 6 12 24 , 93::l - , 03 -6 15 28 , 22 

291 0 1234 5 , 68 F5 6 13 1 , 610 -1.08 - 0 29 30 , 53 
292 4 1181 6 , 44 B::l 6 1 3 8 , 271l -, 12 4 18 4 , 23 
293 61 869 5 , 30 MO 6 13 18 , 212 , 01 61 32 3 , 02 
294 9 1173 5 , 29 A2 6 14 21 , 161 , 02 9 57 44 , 70 
295 14 1235 5 , 98 AO 6 15 14 , 788 -. 12 14 24 10 . 60 

296 53 1008 5 , 41 F5 6 17 42 , 437 , 36 53 2t! 38 , 72 
29 7 44 1426 7 , 04 G5 6 18 23 , 107 . 16 44 5 U, 32 
298 35 1397 6 , t!8 KO 6 21 18 . 157 , 03 35 16 59 , 49 
299 25 1255 6 , 56 KO 6 21 38 , 910 , 06 25 4 36 . 79 
3ù0 56 1125 5 , tl - A3 6 22 12 , 625 - , 23 56 18 51 , 80 

100,.• I 
-4,2 

- .6 
-1.6 

, 2 
-1 , 7 

-1 , 3 
• 1 

-2 , 3 
- , 8 

-2 . 1 

- 1 , 4 
- 8 , 6 
-6 , 5 
-1 , 6 
- 2 , 8 

, 4 
-4 , 0 
-4 , 0 
-4 , 3 
-4 , 4 

. o 
, 3 

- . 7 
-2 . 0 
-1 . 0 

- 2 , 3 
-5 , 4 
- 5 , 2 
-5 , 3 
-7 , 0 

- , 8 
- 1 , 6 

- 14 , 6 
-4 , 6 
- 5 , 3 

- . 2 
-1.2 

- , 3 
. 7 

-1 , 8 

-22 . 2 
- . 2 
- , 4 

- 6 , 4 
- . 1 

-9 , 6 
- 3,7 
-2 , 3 

- . 9 
1 , 9 

No. 

a I 

7 7 
6 7 
8 8 
8 8 
6 6 

7 6 
12 11 

6 6 
8 8 

12 10 

11 8 
9 8 
8 6 
9 9 
6 6 

8 8 
6 7 
8 8 
6 6 
9 8 

7 7 
8 9 
7 6 
8 8 

10 9 

9 7 
6 7 
7 7 
6 6 
6 7 

8 8 
6 6 

12 8 
6 7 
8 8 

8 8 
9 6 
7 7 
8 7 
7 8 

6 6 
6 6 
7 7 

10 9 
8 8 

8 7 
7 7 
9 8 
7 7 
8 8 

Epoch 

a I 

57,01 57 , 16 
57 . 20 57 . 28 
60 . 39 60 . 39 
61 , 97 61,99 
61 , 58 61 , 58 

56 , 22 56 , 07 
58 , 58 58 , 72 
59. 11 59 . 11 
57 , 37 57 , 37 
59 , 02 59 , 82 

56 . 91 57 , 35 
58 , 63 59 , 10 
57 , 01 57 . 48 
60 . 58 60 , 58 
59 , 56 59 , 56 

60 , 65 60 . 65 
59 , 41 59 . 23 
61 , 65 61 . 65 
58,87 58 , 87 
60 . 89 60 , 88 

59 , 04 59 , 59 
61.60 61 , 22 
60 , 07 60 , 92 
6 1. 05 61.05 
58 , 21 58 , 79 

58 , 24 58 , B5 
58 , 22 58 , 22 
60 . 66 60 , 66 
61.26 61 , 26 
59 , ,7 59 , 30 

58 , 64 58 , 69 
59 , 0 1 59 . 01 
55 , 82 55 , 93 
57 , 54 57 . 63 
57 . 80 57 , 80 

57 . 22 57 , 48 
56 , 46 57 , 28 
55 , 77 55 , 77 
57 , 90 58 . 17 
58 , 95 58 , 95 

61 , 01 61 , 01 
61 ,1 7 6 1, 17 
61 . 07 61 , 07 
58 , 03 58 , 25 
57 , 84 57, 84 

58 , 27 58 , 74 
58 , 88 59 . 19 
60,50 60 . 57 
60 . 83 60 , 83 
61.83 61.83 

0 -G .C . 

No. 4,a 

6797 .043 . 30 
6886 - . 021 - . 15 
6916 - . 022 - , 2R 
6921 - . 083 -1.09 
6922 - , 030 - . 19 

6975 -.016 ,06 
7042 -.022 ,09 
7047 -,092 ,02 
7066 - . 121 -,49 
7068 - , 043 ,31 

7136 -,029 - , 04 
7221 - , 098 , 08 
7228 - , 039 . 42 
7249 - , 110 , 21 
728, - , 061 , 09 

7297 - . 289 , 37 
7308 - , 004 , 72 
7319 - , 183 - . 44 
7320 - . 123 , 83 
7322 -.096 - , 18 

7354 - , 027 , 20 
7369 . 027 , 63 
7380 - . 044 -. 02 
7402 - , 057 , 15 
7436 - . 037 , 18 

7452 - , 008 , 92 
7488 -,014 -. 23 
7565 - . 048 -, 27 
7586 , 027 2 , 67 
7587 - , 035 - . 22 

7598 , 028 - , 22 
7606 - . 152 . 73 
7641 - , 058 ,12 
7663 - , 010 . 21 
7723 - . 031 . oo 

7750 -,034 , 41 
7887 -, 040 , 24 
7888 - . 114 - . 02 
7984 - , 074 - , 44 
7986 -, 036 • 39 

8001 -, 028 -.03 
8010 , 031 -. 31 
8016 - . 135 - , 45 
8051 - , 011 ,44 
8073 , 013 -.02 

8151 -.073 , 45 
8169 -,070 , 95 
8247 , 017 - . 43 
8261 - . 055 . so 
8281 - . 093 , 41 
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0 - FK3 (Supp.) 

No . 4, a 

2412 -,041 ,24 
2414 - ,000 -.11 
2415 ,007 - . 31 
2416 -.053 - . 33 
2417 -,070 .78 

2420 -.005 , 03 
2423 , 016 ,13 
2424 - , 026 . n 
2425 - , 024 , 16 
2426 , ORO , 07 

2427 , 009 , 18 
2431 - , 049 -2 , 78 
2432 , 008 ,00 
2433 -,035 , 15 
2435 -, 021 -,41 

2436 ,062 ,05 
2437 , 025 , 33 
2438 . 035 -, 29 
2439 - . 010 ,41 
2440 - . 011 , 12 

2442 - , 018 , 13 
2443 -. 043 -. 33 
2444 . 002 - . 13 
2446 -. ooo , 06 
2447 , 005 , 38 

2448 , 047 , 53 
2453 -,027 -. 36 
2455 . 017 - , 71 
2456 -. 001 -. 12 
2457 , 005 - , 18 

2458 -,017 - . 02 
2459 , 001 , 02 
2461 -, 033 , 05 
2463 - . ooo , 41 
2465 - , 039 , 46 

2467 - , 007 , 54 
2471 , 004 , 56 
2470 ,038 -. 09 
2474 - .007 -.13 
2475 -. ooo , 43 

2477 - . 034 - , 24 
2478 . 012 · .36 
2479 -.022 - . 28 
2480 - , 009 , 24 
2481 , 009 - , 20 

2484 , 036 , 41 
2485 - , 087 ,27 
2487 - ,182 - . 65 
2488 ,004 -. 14 
2491 . 012 , 54 
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No. , B.D. No. 1 M+Bp. 1 R.A. 1950 

301 l 1242 5. 73 AO 6 24 7.574 
302 16 1159 6.33 G5 6 25 '.:15.311 
303 46 1149 6.01 KO 6 26 18.867 
304 32 1324 5.6- AO 6 29 11.405 
305 86 79 6.57 G5 6 _;o 9.039 

306 73 340 6.22 F2 6 31 36.886 
307 28 1168 5.05 AO 6 32 3 . 118 
308 10 1186 6.06 K5 6 32 32.185 
3ù9 78 227 5.88 KO 6 32 44.110 
310 82 177 6.39 A'- 6 33 59.399 

311 5 1710 5.48 89 6 34 7.590 
312 71 359 6. 07 G5 6 '.:14 38.253 
313 2 1315 6.42 KO 6 35 3.568 
314 22 1416 6.28 KO 6 36 4.805 
315 36 1482 6.33 F5 6 38 16 . 3 77 

316 44 1518 5.17 K5 6 39 26.725 
317 29 1327 5.54 KO 6 41 35.332 
318 57 1004 5.47 G5 6 42 33.959 
319 67 454 5.04 B3 6 45 44.807 
320 32 1414 5.76 KO 6 46 25.875 

321 16 1298 5.69 88 6 46 57.107 
322 41 1536 5.04 KO 6 47 13.907 
323 21 1405 5.22 AO 6 48 33 . 248 
324 0 1487 5.33 A2 6 51 52.136 
325 10 1335 5.88 RB 6 53 40.728 

326 45 1367 4.80 A2 6 53 58.325 
327 38 1656 6.15 K2 6 55 38.547 
3l.8 52 1152 6.74 KO 6 55 46.122 
329 3 1488 6,02 KO 6 56 19,169 
330 63 678 6,71 K5 6 57 12,502 

331 17 1479 6.20 MO 6 59 31,ù26 
332 4 178!l 4,!l9 83 7 ù 25. 776 
333 44 1584 6 . 95 G5 7 4 30,493 
334 34 1533 6 . 47 KO 7 4 56,567 
335 78 240 6,91 A5 7 5 59.497 

336 72 352 6,45 Kù 7 8 9,831 
337 27 1327 5.60 A2 7 8 17,061 
338 51 1295 5,69 MO 7 9 29 ,7 64 
339 59 1065 5,33 KO 7 11 33.390 
340 12 1469 5.84 KO 7 11 45.388 

341 31 1529 5 , 98 R9 7 14 52,434 
342 2 1640 6,06 G5 7 16 45.544 
343 7 1684 5.95 F8 7 17 5.743 
344 45 1422 5 . 64 FO 7 17 40,537 
345 37 1707 5,21 KO 7 18 42.318 

346 82 201 5,11 M3 7 20 40, 776 
347 66 502 6,L9 B9 7 a. 29.693 
348 49 1623 4,45 AO 7 22 56.823 
349 19 1743 6,79 KO 7 26 34,770 
350 1 1738 5.80 K2 7 26 46,998 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

100,. 1 Decl. 1950 

-.02 -1 28 34.57 
-.68 16 16 18.33 
-.02 46 43 10.98 
-.17 32 29 32.65 
1.57 86 44 7 . 54 

-3.45 73 44 16.62 
. 05 28 3 47.38 

-.09 10 l 45.79 
.55 78 2 24 . 27 
.33 82 9 49 . 39 

.oo -5 10 5 .7 5 

. 43 71 47 39 . 09 
-.21 2 44 55 . 93 

.06 22 4 35.78 
-.32 35 58 49 . 80 

-.38 44 34 29 .1 6 
-.04 29 1 24 . 28 

. 28 57 13 25.20 
• 11 67 37 48.83 

-.31 32 39 55 . 34 

-.11 16 15 41.22 
-.18 41 50 31.69 
-.05 21 49 19.41 

. 06 -1 3 47.00 
-.18 10 1 22 . 51 

-.19 45 9 40.48 
-.32 38 7 22 .19 
-.21 52 38 31.66 
-.OB 3 4ù 18,20 

.19 63 44 55 . BO 

, 13 17 49 41,79 
- , U9 -4 9 54,80 

, 06 44 7 9.64 
- .1 0 33 54 45,08 

, 39 78 50 8,93 

,42 71 54 4,67 
- .14 26 56 26 ,31 

, OB 51 30 50,26 
-1.21 59 43 44,48 

- . 37 12 12 12,04 

-. 18 31 2 50.62 
-,03 2 5U l,94 

,55 7 14 14, 17 
-.40 45 19 21 .78 
-,72 36 51 23 .64 

-.oz 82 3ù 50,47 
,09 66 25 58,09 

-. 10 49 18 46.22 
,17 19 44 14,91 

-.12 -1 48 3,46 

100,.' 1 No. 
a • 

-3.5 9 8 
-5 . 3 7 8 

. 4 8 7 
-2.l 9 8 

-10.6 6 7 

-2.6 7 7 
-1.9 7 7 

• l 7 7 
-. 1 6 7 

-5.4 10 7 

-1.4 7 7 
. 5 9 8 

-4. B 6 6 
-2.9 7 6 
-2.5 9 6 

-3.2 6 6 
-2.8 7 7 
-4.l 6 6 

.3 7 7 
-4.3 6 7 

-1.4 6 7 
-13.4 7 8 
-3.5 10 9 
-1.1 7 6 
-2.1 7 6 

-.4 7 6 
-12.5 6 6 
-4,4 10 9 
-,7 7 7 

-l. 7 7 6 

4.0 8 6 
• 1 7 6 

-1,4 10 6 
-3,tl 6 6 
-.1 9 10 

z.o 7 7 
-4,1 6 6 

,9 7 6 
-26 , 0 7 6 
-2, 0 7 6 

-2. 0 10 8 
-1,8 8 6 
-5,4 10 9 

,9 6 6 
-2,8 9 8 

-4,1 6 6 
- 2.4 7 6 
-5.0 6 6 

,2 8 7 
-1. 0 7 8 

Epocb 

a • 

57.24 57 . 39 
58.96 58 . 87 
59.37 59 . 84 
57.97 58 .46 
59.34 59 . 70 

59.10 59.10 
59 . 65 59.65 
60 .38 60.3R 
61.04 60.63 
60.02 59.76 

57.80 58 . 06 
60.02 60.66 
60.93 60 .93 
60.34 60 . 87 
58.16 58.55 

60.06 60 . 06 
57 .1 0 57.54 
57.56 57.56 
58.38 58.38 
59.07 58.95 

60.95 60.99 
59.13 60.26 
56.28 56.77 
56.10 56.10 
57.32 57.53 

57.69 57 .79 
57.26 57.26 
58 ,59 58,87 
57,96 58,52 
58.92 58.91 

58.01 58,52 
57.29 57,49 
57.00 57,81 
58,43 58,43 
59, 72 59.96 

59,61 59.20 
61.32 61,32 
57,58 58.02 
58.42 58.64 
57.53 57,96 

57,69 57.52 
57.30 57.53 
58.18 58,52 
57.94 57,94 
58.64 59,07 

58,15 58,15 
57,80 57,92 
57.33 57,33 
59,71 59,64 
59,92 60.20 

0-G . C. 0 - FK3 (Supp.) 

No. âa No. âa 6• 

8335 -.060 . 05 2493 -.038 -.28 
8382 . 029 . 15 2494 . 013 -. 20 
8411 -.087 .45 2496 -. 047 . 18 
8474 -.064 -.02 2500 -.024 . 12 
8505 -.512 . 27 3949 -.607 . 26 

8540 - . 020 . 24 2503 .1 19 -.20 
8557 -.043 .1 0 2504 -.002 -.13 
8567 -.00R -. 83 2505 -.005 . 11 
8574 -.076 -. 57 2507 . 094 -.61 
8605 .154 . 61 3950 -.128 .33 

8609 -. 013 -.58 2509 . 014 -.12 
8630 -.301 .7 9 2511 .020 .11 
8642 -. 051 • ll 2512 . 020 .10 
8672 -.UOR -.06 25i3 -.001 -.43 
8724 . 091 -.2 8 2516 -.011 -.47 

8751 -.052 .1 2 2517 -. 02 4 .34 
8799 -.059 . 20 2518 -.026 . 12 
8826 -.103 .1 8 2520 -.031 . oo 
8902 -.073 .24 2523 -.001 .17 
8915 -.010 -.44 2525 -. 002 .15 

8927 -.055 .36 2526 -. 013 .1 0 
8931 -.045 -.51 2527 . 001 .o3 
8965 -.026 .31 2530 .01 6 . 35 
9052 -. 032 -.36 2533 -.009 -.73 
9100 . 025 .21 2535 .009 .21 

9113 -.035 -.14 2537 -.013 -.03 
9151 -.028 -.30 2538 -.015 -.52 
9156 , 045 1.46 2539 .038 -.oz 
9175 -,018 ,34 2540 .01~ ,32 
9198 -,122 ,31 25 4 2 .066 -,01 

9270 -,042 -.76 2543 -, 007 ,15 
9293 .001 .05 2547 -.007 ,21 
9397 -.046 -,14 2548 -,047 -,11 
9405 -.043 .33 2549 -.007 , 02 
9 4 34 -.060 l,89 2550 -,016 ,72 

9489 -,027 ,03 2552 . 034 , 07 
9493 -,042 ,53 2553 .ozo ,28 
9526 -.031 ,30 2555 ,OZR ,21 
9581 -,108 -.29 2558 ,003 -,06 
9592 -,006 -.31 2559 ,015 -.25 

9688 ,0 38 -,36 2563 ,079 -.41 
9739 -. 043 .32 2564 -. 009 .23 
9752 -,120 -,09 2565 .035 .50 
9769 -,059 -,23 2567 -.027 ,01 
9796 -.010 ,24 2568 -.021 .37 

9851 -,224 .09 3951 -.162 ,23 
9894 -.179 -,34 2571 ,106 ,47 
9909 -,050 -,30 2572 ,013 - . oo 

10008 -. 078 -,60 2577 -.014 .1 3 
10017 , 035 -,lR 257 8 , 000 -, 47 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1964-1962 

No. , B.D . No. 1 M~p. 1 R.A. 1950 Decl. 1950 

351 62 934 6 . 75 G5 7 27 33 . 369 - . 01 61 51 56 . 98 
352 4 1979 6 . 38 KO 7 28 22 . 998 - , 07 -5 7 13 . 23 
353 17 1596 5 . 64 KO 7 28 55 . 464 . 34 17 11 38 . 39 
354 2 1691 5 . 26 A5 7 29 30 . 096 - . 09 2 1 18 . 77 
355 40 1903 6 . 57 MO 7 33 52 . 663 - . 03 40 8 19 . 62 

356 54 1167 6 , 59 B9 7 :;5 1 5 . ù7tl - . 14 54 0 58 . 61 
35 7 34 1649 4 . 92 FO 7 35 54 . 276 - . 23 34 42 2 . 67 
358 57 1093 6 . 20 KO 7 36 41 . 917 - . 17 57 11 57 . 02 
359 48 1561 5 . 77 G5 7 37 31 . 144 - . 44 48 15 1 . 08 
36Ü 23 1780 6 . 18 K5 7 37 58 . 981 -. OB 23 8 8 . 58 

361 14 1729 5 . 81 M3 7 39 14 . 10::S - . 03 14 19 36 . 76 
362 44 1666 7 . 19 G5 7 40 15 . 970 - . 73 43 54 53 . 01 
363 50 1460 5 . 28 AO 7 40 17 . 366 -. 09 50 33 15 . 10 
364 65 593 6 . 00 KO 7 41 54 . 315 . 56 65 34 39 . 93 
365 70 474 7 , 14 GO 7 42 10 . 591 - 1 . 86 70 19 54 . 28 

366 5 1 790 6 . 95 KO 7 45 23 , 946 - . 07 5 32 6 . 26 
367 5 2280 5 . 75 F2 7 50 19 . 723 - . 15 -5 17 52 . 04 
::168 77 ;!Uj 6 . 78 A::S 7 5U ::SIJ . u6~ . 29 77 4L 35 , 19 
369 35 1 705 6 . ll AO 7 52 25 . 4 72 -. 51 35 32 44 . 79 
370 20 1946 5 . 36 AO 7 52 44 . 929 - . 12 20 1 2 , 96 

371 79 .:65 5 . 33 AO 7 57 0 . 948 -. 99 79 37 13 . 91 
372 17 1731 5 . 79 Kù 7 57 55 . 466 -. 06 17 26 50 . 24 
373 63 749 6 . 04 F8 7 5tl 2 . 8B -. 16 63 13 48 . 07 
374 0 1882 4 . 88 KO 7 58 40 . 701 . 39 - 1 15 8 . 46 
375 9 1843 6 , 11 F5 7 59 7 , 850 -, 04 9 3 11 , 63 

37 6 2 1854 4 , 52 KO 7 59 39 . 835 -. 21 2 28 23 , 65 
377 13 1831 5 . ll AO 8 2 17 , 419 - . 23 13 15 43 . 83 
378 4 3 1 770 6 , 24 AO 8 3 42 . 420 -. 04 43 24 20 . 26 
379 22 1862 5 . 38 GO 8 4 49 , 413 . 16 21 43 42 . 17 
380 25 1865 5 . 83 G5 8 7 26 . 635 -, 48 25 39 38 . 17 

38 1 39 2065 6 .47 GO 8 8 2 . 987 -. 84 38 52 53 , 54 
382 48 1621 6 . 7 5 B9 8 9 51. 076 -. 17 48 25 56 . 28 
383 56 1278 5 . 90 KO 8 9 5 1. 789 -, 2ù 56 36 15 , 15 
38 4 30 1664 5 , 59 AO 8 10 3 . 103 -. 03 29 48 28 . 50 
385 0 1938 6 . 51 KO 8 10 4 9 , 199 - . 21 -1 0 50 . 89 

386 60 1124 5 . 52 A5 8 13 42 . 026 , 01 59 43 35 . 36 
387 82 235 6 , 17 AO 8 15 3 . 157 -, 67 82 35 26 . 19 
388 2 1 1817 5 , 93 G5 8 17 26 . 097 . 47 20 54 25 . 23 
389 53 1246 5 . 58 A2 8 20 1 . 920 -, 25 53 22 57 . 66 
390 5 2512 6 , 07 A3 8 20 2 . 425 -. 35 - 6 1 5 . 48 

39 1 35 1819 6 , 21 KO 8 2 1 53 , 137 - . 01 35 10 28 . 76 
392 2 1965 5 . 91 KO IJ 22 59 . 809 - . 13 2 15 58 . 88 
393 8 2053 5 . 23 KO 8 23 13 , 885 -. 23 7 43 43 . 73 
394 28 1602 5 . 83 K2 8 23 25 . 463 -. 22 28 3 34 . 86 
395 13 1912 5 , 75 MO 8 23 58 . 088 -. 17 12 49 15 , 41 

396 78 287 7 , 14 G5 IJ 23 59 . 83tl . 04 78 23 44 . 61 
397 46 1398 6 . 33 GO 8 24 8 . 0lll -. 23 45 49 23 . 99 
398 67 545 6 , 01 G5 8 25 4 . 689 -1 . 01 67 27 51 , 16 
399 33 1703 6 . 60 AO tl 26 4 . 607 . 22 32 51 33 . 92 
4 00 24 1940 5 , 73 FO 8 28 33 . 270 -. 60 24 15 4 . 18 

100,.• I 
-10 . 9 

- . 8 
-8 . 4 

- . 3 
- 4 . 1 

-7 . 6 
-11 . 6 
-1 . 4 

- 13 . 6 
-. 4 

-1 . 2 
- 2 . 2 
- 3 . 5 

1 . 9 
- 14 . 5 

-3 . 6 
-2 . 9 
- 1 . 4 
-1 . 6 
- 4 . 5 

- 5 . 2 
- 1 . 0 
- 2 . 2 
- 7 . 5 

2 , 5 

10 . 2 
- 7 . 1 
- 3 . 4 
- 7 . 6 

-35 . 2 

-6 . 6 
-2 . 4 
-3 , 6 
-2 . 4 

.5 

. o 
-2 . 9 
-5 . 6 

- 10 , 7 
, 2 

- 1 , 9 
- 2 . 3 
-. 8 

-12 . 5 
- 10 . s 

-3 . 4 
-35 . 7 

. 9 
-.5 

-5 . 1 

No. 

a I 

6 6 
9 7 
7 7 
7 8 
6 6 

8 8 
6 6 
6 7 
6 6 
7 7 

6 6 
6 6 
8 8 
8 6 
6 7 

9 8 
7 7 
9 9 

10 9 
7 7 

7 7 
8 9 
6 6 
8 7 
6 7 

6 6 
7 6 
7 7 
7 6 
7 6 

8 9 
6 6 
8 8 
8 7 
6 6 

7 7 
8 8 
7 A 
8 7 
7 !l 

6 7 
8 7 
7 7 
8 9 
7 8 

7 7 
7 7 
6 6 
7 6 
6 7 

Epocb 

a I 

58 . 86 58 . 86 
57 . 03 57 . 29 
58 . 86 59 . 00 
56 . 58 56 . 29 
57 . 82 57.50 

58 . 58 58 . 58 
56 . 99 56 . 99 
59 . 29 59.13 
58 . 01 58 . 0l 
57 . 0l 57 . 0l 

59 . 52 59 . 52 
57 . 20 57 . 20 
58 . 70 58 . 70 
58 . 39 59 . 50 
57 . 52 57 , 04 

56 . 49 56 , 56 
56 . 73 56 . 73 
59 . 63 59 . 63 
57 . 73 58 . 90 
55 . 73 55 . 73 

57 . 27 57 . 27 
59 . 21 59 . 53 
60 , 95 60 . 95 
59 . 34 58 . 97 
58 , 89 58 , 79 

59 . 97 59 . 97 
56 . 09 56 . 23 
57 . 46 57 , 46 
57 . 03 57 . 18 
58 . 33 58 . 69 

58 . 52 58 . 92 
57 . 72 57 . 72 
59 . 27 59 . 27 
58 . 93 59 , 87 
57 . 97 57 . 97 

57 . 86 57 . 86 
59 . 45 59 . 45 
57 . 76 57 , 57 
55 . 30 55 . 31 
56 , 89 57 . 05 

56 . 32 57 . 04 
55,78 55 . 85 
58 . 47 58 . 47 
59 . 49 59 . 97 
58 . 88 58 . RO 

57 . 64 57 . 64 
60 . 29 60 . 29 
57 . 02 57 , 02 
56.57 56 . 80 
58 . 02 58 . 05 

0 - G . C . 

No . Aa 

10036 - . 078 - . 36 
10053 - , 021 . 16 
10073 - . 045 .14 
10085 , 011 - . 19 
10193 - . 113 - . 71 

10234 - . 019 - . 19 
10257 - . 057 - . 39 
10279 - . 059 .12 
10305 - . 062 , 23 
10318 -. 008 - . 57 

10351 -.033 - . 37 
10376 -. 061 - . 02 
10377 - . 020 . 41 
10420 - . 099 - . 16 
10433 . 011 . 11 

10509 -. 013 , 12 
10649 - . 001 - . 58 
10657 - . 151 -.zo 
10701 - , 019 - 1 . 08 
10707 - , 007 -, 19 

10808 - . 029 . 07 
10845 - . 035 . 42 
10851 - . 044 , 57 
10870 - . 001 . 26 
10880 - . 025 - , 5A 

10891 - , 047 - . 06 
10959 - . 050 , 40 
10995 -.065 - . 47 
11021 - . 036 - . 11 
11091 - . 058 - . os 

11107 - . 105 - 1 . 04 
11157 - .11 7 . 59 
11158 - . 050 , 23 
11163 - . 076 - , 18 
11179 - . 018 . 31 

11252 - . 091 . oz 
11296 -. 189 . 18 
11358 - . 054 . 83 
11424 - . 076 • 51 
11425 - . 083 - . 05 

11473 -,077 .12 
11493 - , 038 , 77 
11505 - . 039 - . 13 
11509 - , 030 , 25 
11525 - , 016 - . 18 

11526 - , 217 . 07 
11534 . 013 . 19 
11561 - . 121 . 01 
11591 - . 144 - . 54 
11655 - . 035 . 03 

261 

0 - FK3 (Supp .) 

No. Aa Al 

2581 . 076 .72 
2582 - . ooo . 03 
2585 - . 017 -.28 
25R7 .ooo - , 03 
2589 - , 036 , 15 

2590 - . 031 . 17 
2592 . 008 - . 37 
2593 -.004 - . 24 
2594 .069 . 37 
2595 .006 - . 11 

2597 . 013 - . 49 
2598 - . 051 . 42 
2599 , 015 . o9 
2602 . 041 - , 03 
2604 . 070 , 19 

2606 - . 021 - . 19 
2611 . 003 - . 59 
2612 . 195 . 55 
2613 - . 164 . 13 
2614 , 047 -. 40 

2617 . 201 -. 11 
2618 .018 .34 
2619 ,042 . 15 
2620 . 001 .24 
2621 , 002 - . 31 

2623 - . 028 -. 01 
2625 -, 008 . 20 
2627 -. 032 - . 21 
2630 - .001 - , 70 
2633 -. 015 - , 42 

2635 . 001 . Q6 
2639 , 036 , 91 
2640 . 010 . 63 
264 1 -. 002 . 17 
2643 . 005 . 47 

2645 . 022 -. 04 
3952 - , 098 - . oz 
2646 -. 002 .53 
2649 . 024 ,29 
2650 -,034 ,30 

2652 - . 012 . 16 
2&54 , 014 . 61 
2655 . ooo , 17 
2656 -, 005 - , 16 
2658 - . 004 - . os 

2659 ,063 - . 06 
2660 , 015 .89 
2662 . 090 -,18 
2663 -,095 ,17 
2666 - . 010 -.21 
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No. , B.D. No. 1 M~p . 1 R .A. 1950 

401 18 1963 5 . 57 MO 8 28 44.800 
402 59 1176 6 . 77 AO 8 29 54.788 
403 1 2074 5.61 AO 8 31 29.863 
404 70 523 7.10 KO 8 32 14 . 878 
405 43 1834 6.98 A2 8 32 53 . 695 

406 7 2540 5 . 61 A2 8 33 1.754 
407 24 1955 6.84 AO 8 33 5 . 323 
408 10 1837 5.98 AO 8 34 23 . 196 
409 64 698 4.76 KO I:! 35 51.859 
410 82 253 6 . 69 AO 8 37 31 . 895 

411 8 2452 6.48 AO 8 38 36 . 066 
412 13 1972 5.67 A3 8 40 27 . 086 
413 3 2039 4 . 32 Fl3 8 40 36 . 695 
414 10 1864 5.58 AO 8 42 2 . 272 
415 31 1876 6.14 KO 8 42 17 . 616 

416 78 293 7 . 30 M3 I:! 44 13 . 470 
417 1 2130 s.22 AO 8 44 42 . 930 
418 89 13 7.01 AO I:! 45 53 . 867 
419 15 1917 6.29 GO 8 48 14 . 492 
420 44 1794 5,24 G5 8 48 35 . 926 

421 62 1027 5 0 72 FO 8 49 16.494 
422 52 1343 6 . 99 F5 8 49 28 . 724 
423 36 1883 6 . 02 A2 8 50 47,063 
424 28 1666 5 , 25 G5 8 52 40 . 195 
425 40 2125 5.88 F2 8 53 16 . 188 

426 22 2029 7 . 01 G5 8 54 12 . 026 
427 9 2093 6.32 KO 8 55 0 . 278 
428 18 2090 6.56 AO 8 55 28 . 704 
429 2 2112 6.50 AO 8 55 33.185 
430 25 2029 5 , 45 AO 8 59 49 . 067 

431 59 1217 6 . 19 AO 9 2 51 . 149 
432 5 2116 5 , 41 KO 9 3 20 . 467 
433 2 2145 6,41 MO 9 4 24 . 942 
434 30 1817 5 . 38 G5 9 5 0 .1 86 
435 52 1365 4,54 A3 9 5 21 , 305 

436 34 1949 5 , 95 FB 9 5 47,249 
437 27 1715 5,96 G5 9 5 51 , 084 
438 8 2588 5 , 50 RB 9 6 15 , 337 
439 64 723 4,74 F5 9 6 49 , 0·55 
440 72 444 6,46 KO 9 9 13 , 779 

441 62 1058 5,23 F8 9 10 24 . 596 
442 0 2158 6 , 99 A2 9 12 19 , 394 
443 15 2009 5 , 57 KO 9 12 28 , 339 
444 54 1285 4.1:!9 A5 9 12 36 , 211:! 
445 47 1658 5,70 AO 9 14 10 . 426 

446 5 2762 5 . 40 KO 9 14 12 . 729 
447 5 2158 6.51 A5 9 17 13 . 521 
448 57 1214 5 . 98 M3 9 18 3 . 936 
449 37 1978 6,45 AS 9 21 17 , 517 
450 75 377 6,29 A2 9 22 39,872 

PUBLICATIONS OF THE DOMINION OBSERVA TOR Y 

Decl. 1950 10011' 1 

- . 39 18 15 53 . 53 - 6 . 2 
- . 07 58 46 44 . 48 -4 . 2 
-.26 -1 58 47 . 36 2 . 2 
- . 33 69 52 23 . 53 -4.7 

. 18 42 45 13 . 15 -1.9 

- . 18 -7 48 32 . 42 1 . 7 
. 02 24 13 29 . 62 - 1 . 4 

-.22 9 49 50 . 02 -1.2 
- . ao 64 30 16.78 2 . 3 
- . 44 82 25 13 . 35 -2 . 0 

- . 19 - 8 52 23 . 82 -. 3 
- . 01 12 51 41 . 18 - . 2 
-.12 3 34 46 . 05 -. 5 
- . 10 10 15 50 . 28 -2 . 2 

. oo 30 52 48.81 -. 8 

.23 71:! 21 3 . 67 -2 . 4 
- . 22 -l 42 45 . 75 -. 2 

- 2 . 79 88 46 14 . 65 . 7 
- . 78 15 32 14 . 06 7 . 2 
-. 10 43 54 51 . 38 4 . 1 

-.11 62 9 3 . 90 2 . 0 
-.38 52 34 43 . 89 2 . 4 
-. 18 35 43 42 . 97 - 2 . 8 
- . 00 28 7 10 . 64 - 3 . 8 
- . 72 40 23 39 . 92 - 5 . 4 

. 02 22 3 12 . 90 -. 9 
- . 12 9 34 53 . 16 -.4 
- , 17 18 30 9 . 73 -3 , 3 
- . 22 l 44 8 . 87 - 1 . 2 
-. 01 24 39 3 . 20 - , 9 

- . 25 59 32 44,24 - 2 . s 
- . 11 5 17 35 , 58 -1 . 0 
- . os 1 39 52 . 36 -2 . 8 
- . 22 29 51 23 . 38 - . 5 

-1 . 44 51 48 28 . 91 - 4 . 2 

-1,48 34 5 12 , 23 - 12 . 6 
- . 92 26 5ù 13 . 88 - 37 , 4 
- . 16 -8 23 10 , 70 -1 . 2 
l , 50 63 43 7 , 57 - 6 , 6 

, 21 71 51 46 , 38 -5 , 2 

, 03 61 37 5 1, 34 - 3 , 5 
- , 03 -1 22 43 , 99 - 1 , 3 
- . 27 15 8 59 . 93 -1. 5 

.64 54 13 4 7. 46 5 ,5 

. 21 47 1 36 . 93 . a 

. 13 -6 8 37 . 35 . 3 
- . 24 5 25 41 . 89 -2.l 
-. 10 56 54 44 . 87 - 1 . 3 
-,68 36 48 10 . 26 -3 . 4 
- , 65 75 18 55 , 22 2 , 7 

No. 

a I 

7 6 
6 6 
8 8 
7 7 
6 6 

7 7 
6 7 
7 7 
8 7 
7 6 

8 7 
7 6 
8 7 
9 9 
6 6 

7 7 
8 8 
6 6 
8 8 
7 7 

6 6 
8 7 
6 6 
9 8 
6 6 

6 6 
7 8 
6 6 
8 8 
8 10 

7 7 
8 7 
6 7 
7 7 
6 6 

6 6 
7 8 
7 7 
6 6 
7 7 

6 7 
10 10 

8 7 
8 6 
8 Il 

9 9 
6 6 
7 7 
8 8 
7 7 

Epoch 

a I 

55 . 90 56 . 01 
59 . 02 59 . 02 
56 . 04 56 . 42 
57 . 20 57 . 20 
58 . 03 58 . 03 

59 . 39 59 . 39 
61 . 17 60 . 74 
60 . 11 60 . 11 
60 . 73 61 . 10 
59 . 96 60 . 59 

57 . 51 57 , 72 
56 . 45 56 . 65 
56 . 92 57 . 32 
59 . 20 60 . 07 
57 . 89 57 . 89 

58 . 18 58 .1 8 
59 . 13 59 . 02 
57 . 19 57. 19 
57 . 97 57 , 97 
57 . 83 57 . 83 

57 . 32 57 . 32 
56 . 63 56 , 96 
56 . 71 56 , 7l 
56 , 21 56 . 46 
56 . 9 1 56 . 91 

58 . 86 58 . 86 
57 . 35 57 . 34 
59 . 18 59 . 18 
60 . 52 61 . 00 
58 . 27 58 . 65 

57 . 37 57. 37 
56 . 94 56 . 61 
58 . 52 59 . 03 
58 . 62 58 . 62 
61 , 37 61 . 37 

60 . 00 60 , 00 
60 , 26 60 , 50 
60 , 15 60 , 1 5 
59 . 90 59 . 90 
56 , 6 5 56 , 6 5 

55 , 89 56 , 0 7 
58 , 48 58 , 48 
56 . 56 56 . 63 
56 ,48 56 , 89 
57 . 33 57 . 33 

56. 00 56 . 36 
57 . 58 57 . 58 
57.1 0 57 .1 0 
56 , 45 56 , 82 
57 , 68 57 , 52 

0-G.C. 0 - FK3 (Supp.) 

No. Aa No . Aa Al 

11659 -. 035 . 15 2667 - . 002 . 09 
11688 - . 160 . 83 266R . 057 . 41 
11743 -. 017 -. 56 2669 -. 015 -. OB 
11756 . 024 1 . 47 2670 . 149 - . 16 
11772 - . osa . 37 2671 . 069 -. 48 

11775 -. 023 -. 30 2672 -. 024 . 11 
11778 -. 073 . 54 2673 -. 021 - , 22 
11807 -. 017 . 24 2675 -. 006 -. 29 
11850 - . 121 . 02 2677 . 055 . 16 
11900 - . 056 • 17 3953 . 044 . 34 

11938 -, 047 -. 04 2682 . 003 , 31 
11981 - . 066 - . 04 26R6 -. 015 -. 03 
11987 - . 023 . 42 26R7 . 021 . 12 
12029 -, 033 -. os 26R8 . 005 -.1 7 
12037 - . 033 -. 06 2690 , 052 -, 24 

1 2105 -. 278 -. 25 2692 . 046 -, 13 
12122 -. 027 . 18 2693 -. 002 -. 15 
12 154 . 159 -.1 3 3954 -. 889 -. 10 
12211 -. 006 - . 32 2699 -, 002 -. 20 
12221 - . 058 . 35 2700 -. 020 -. 04 

12235 -, 053 -. 41 2701 , 001 -. 16 
12241 -, 043 . 45 2702 . 034 -. 28 
12272 -. 039 . 21 2704 -. 064 -, 99 
1 2326 -. 036 . 0 1 2705 - . 009 -. 29 
12 341 -. 022 . 90 2706 -. 055 . 51 

12362 - . 021 . 30 2708 . 041 -. 11 
12389 . 009 -. 54 2710 . 01 4 -. 65 
12396 -, 013 . 33 2711 . 021 .40 
12398 - . 051 , 34 2712 -. 04 8 . 17 
12496 -. 032 -, 17 27 14 . 002 -.24 

12551 . oo o . 68 2 716 , 039 -. 01 
12 564 -, 04 0 -, OR 27 17 -, 0 14 -. 01 
12581 - . 066 . 3 1 2718 -. 0 13 . 03 
1259'3 - , 04 3 ,1 5 271 9 . 003 -,24 
12604 -, 039 , 7 5 2721 . 027 , 51 

12 613 -, 077 -, 05 27 2 3 -, 051 -, 04 
12615 -. 04 0 -. 17 2724 , 0 19 . 07 
12626 , 0 1 5 , 29 2725 . 006 . 1, 
12646 -. 092 , 4 2 27 27 -. 021 -. 18 
1 2687 -,497 ,2 5 2 729 -, 0 15 ,27 

12 713 -, 063 , 2 2 2730 , 032 , 0 1 
12755 . 002 ,1 2 2732 , 00 4 , 00 
1275R - . 031 -. 07 2733 -. 003 . 03 
1276 1 -,044 , 38 2734 , 023 , 26 
12799 -. 059 -. 15 27''1fl -. 012 -. 02 

12800 -. 015 -. 64 2739 , 007 -. 45 
12 863 -. 072 . 03 27 4 0 . 01 2 -.23 
12883 -. 04 1 . 0 1 2743 . 015 -, 16 
12957 , 04 7 , 40 2748 , 036 ,04 
12988 , 113 -, 8 2 27 4 9 , 088 , 51 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No. , B.D. No. 1 M.Sp . 1 R.A . 1950 1001' 1 Decl. 1950 

451 17 2078 6 . 27 KO 9 22 46 . 429 - . 60 16 48 8 , 21 
452 46 1509 5 . 56 G5 9 25 23 , 859 - . 09 45 49 18 . 50 
453 8 2226 5 . 88 KO 9 25 49 . 503 - . 22 8 24 26 . 74 
454 34 1999 5 . 98 KO 9 27 42 . 236 - . 12 33 52 35 . 54 
455 23 2107 4 . 48 K5 9 28 52 . 245 - . 17 23 11 22 . 27 

456 2 2217 6 . 15 F5 9 ::10 6 . 335 -. 11 2 5 11.12 
457 29 1913 6 . 35 A2 9 30 22 . 853 - . 35 28 35 25 . 92 
458 40 2224 4 . 99 KO 9 31 57 . 067 - . 20 39 50 40 . 37 
459 5 2A40 5 . 70 KO 9 32 2 , 931 . 04 - 5 41 27 . 30 
460 31 20ll 5 . 74 MO 9 33 45 . 125 , 06 31 23 12 . 72 

461 17 2109 5 . 92 KO 9 34 17 . 196 -. OB 16 39 46 . 42 
462 7 2160 5 . 14 KO 9 34 34 . 339 - . 40 7 3 39.12 
463 67 602 6 . 28 K5 9 35 20 . 847 - . 13 67 29 56 . 24 
464 43 1943 6 , 63 KO 9 36 o . 576 - . 38 43 22 16 . 94 
465 72 466 5 , 39 KO 9 38 23 , 667 -. 58 72 28 52 , 90 

466 40 2241 5 , 50 KO 9 38 54 , 847 - . 45 39 59 12 , 52 
467 49 1868 6 , 34 AO 9 39 26 , 389 -. 26 48 39 35 , 86 
468 55 1345 6 , 34 A2 9 39 40 , 227 -, 47 54 35 34 , 93 
469 35 2042 6 , 03 F2 9 39 42 , 220 - , 12 35 19 22 . 39 
470 79 319 6 , 13 FO 9 41 28 , 416 -, 85 79 22 5 , 00 

471 7 2181 5 , 99 MO 9 43 31 , 827 , 03 6 56 24 , 88 
472 2 2246 5 , 69 F2 9 43 48 , 820 -, 38 2 1 3 , 67 
473 21 2113 6 , 01 FO 9 47 2 , 359 -, 32 21 24 47 , 71 
474 38 2076 6 , 74 FO 9 49 20 , 184 -, 45 38 8 59 , 72 
475 0 2573 6 , 29 KO 9 49 38 , 204 -, 26 0 18 40 , 83 

476 61 1151 6 . 42 KO 9 51 25 , 635 , 09 61 21 10 , 58 
477 50 1698 5 , 34 A2 9 52 27 , 768 - , 06 50 3 24 . 70 
478 9 2262 5 . 93 KO 9 53 47 . 014 - , 60 9 10 14,94 
479 46 1566 6 , 50 KO 9 54 48 , ù98 , 04 45 39 12 , 68 
4 80 13 2183 5 , 18 AO 9 55 32 , 108 -. 17 12 41 3 , 15 

481 57 1242 5 , 71 K5 9 56 26 , 093 -. 37 57 3 7 , 51 
482 30 1946 5 , 86 KO 9 56 43 . 452 - , 67 29 53 8 , 38 
483 75 399 7 , 09 G5 9 57 22 , 309 - 1 , 42 75 0 1. 66 
484 22 2164 5 , 59 R3 10 0 1 , 855 -. 14 22 11 28 , 37 
485 84 225 6 . 48 KO 10 0 52 , 011 - , 30 84 9 43 , 73 

486 6 2259 6 , 29 G5 10 4 10 , 577 -, 23 5 51 2 1. 81 
487 35 2110 4 . 47 AS 10 4 29 , 165 , 43 35 29 20 , 91 
4 88 0 2615 4, 50 AO 10 5 22 , 696 -. 11 - 0 7 35 , 38 
489 64 770 6 , 75 K5 1 0 5 28 , 900 , 21 64 11 5 1. 70 
490 38 2110 6 , 14 KO 10 8 15 , 367 -, 24 37 38 56 , 17 

49 1 6 3096 6 , 06 AO 10 8 4 7, 861 , 06 - 7 4 10 , 33 
492 79 328 6 ,7 2 AO 10 11 8 , 444 , 55 79 11 44 , 58 
493 60 1246 6 , 1- MO 10 1 1 41 , 722 . 20 60 14 3 , 08 
494 30 1981 5 , 35 AO 10 13 24 , 257 - , 56 29 33 37 , 12 
495 14 2228 5 , 74 MO 10 13 59 . 807 -, 15 13 58 42 , 18 

496 44 1973 6 , 69 G5 10 15 49 , 796 , 55 44 18 12 , 07 
497 49 1940 6 , 15 KO 10 16 20 , 980 -. 97 48 38 58 . 07 
498 69 568 5 , 84 FO 1 0 17 16 , 437 -. 94 68 59 59 , 74 
499 54 1367 6 , 22 KO 10 17 17 , 840 -, 43 54 28 6 , 77 
500 6 2301 6 , 50 F2 10 20 38 , 86::l - 1 , 61 5 56 54 , 90 

lOOi<' 1 No. 
a I 

-2.2 6 6 
- 13 . 1 9 7 

- 3 . 7 9 9 
-5 . 1 8 8 
-4 . 4 8 9 

- 3 . 9 8 7 
- 4 . 1 6 6 

1 . 0 7 8 
- 5 . 7 6 6 
- 4 . 2 8 7 

- 1 . 0 9 8 
- . 3 7 B 

-4 . 5 7 6 
-7 , 0 6 6 
- 3 . 2 8 7 

- 4 , 6 7 7 
- 1 , 9 7 7 
- 3 , 6 7 7 
- 5 , 5 6 6 
- 3 , 3 8 6 

-3 , 4 7 8 
- 4 , 8 8 7 
- 1 , 7 11 9 
- 2 , 4 8 A 
- 2 , 8 8 9 

-. 4 10 7 
1 , 6 6 6 
1 , 1 8 8 

- 3 , B 6 6 
- 2 . 2 10 7 

- 3 . 5 8 8 
-4 , 3 7 6 
- 4 . 3 8 7 
- 1 . 3 10 8 

, 4 9 8 

- 2 , 1 9 7 
- . 2 8 7 

- 1 , 3 6 8 
- . 3 6 6 

- 3 . 3 8 6 

-, 8 8 7 
- . 5 8 7 
-, 5 7 6 

-3 . 0 6 7 
-2 , 2 7 6 

- 30 , l 6 6 
- 12 , 8 6 6 

- 4 , 2 6 6 
-1 . 0 9 7 
- 7 , 6 10 9 

Epoch 

a I 

58 , 76 58 . 76 
56 , 09 56.24 
56 . 22 56.22 
56 . 48 56.48 
56 . 59 56 . 89 

59 . 28 59 . 28 
60 . 20 60 . 20 
56 . 37 56 . 60 
55 . 04 55 . 04 
56 . 24 56 , 52 

57 , 21 57 . 48 
57 . 36 57 . 46 
57 . 70 57 . 44 
58,85 58 . 85 
57 . 11 56 , 80 

59 . 74 60 , 74 
57 . 50 57 , 95 
57 , 95 57 , 95 
58 , 42 58 . 42 
58 , 10 58 , 2 1 

57 , 38 57 , 48 
58 , 21 58 , 52 
56 , 06 56 , 17 
58 . 11 58 , 11 
56 , 88 57 , 02 

56 , 41 56 , 95 
56 , 44 56 , 44 
59 . 36 59 . 36 
57 , 28 57 , 28 
56 . 81 Sï , 40 

58 , 00 58 , 00 
57 . 13 57 , 61 
61 , 03 61 , 28 
56 . 00 56 , 48 
57 , 44 57 , 86 

56 , 59 56 , 56 
58 , 88 58 , 8 1 
58 , 25 58 , 47 
60 . 02 60 , 02 
55 , 57 55 , 55 

57 , 08 57 , 51 
56 , &5 56 , 27 
55 , 76 56 . 02 
57 , 25 57 , 25 
57 . 70 58 , 10 

58 , 28 58 , 28 
57 . 73 57 , 73 
57 , 24 58 , 09 
56 , 79 57 , 11 
56 , 74 57 , 59 

0-G.C. 

No . Aa 

12990 - . 036 - .5, 
13051 -.016 - . 20 
13063 . 005 , 20 
13112 -. 035 - . 26 
13143 - . 029 . 16 

13172 - . 025 - . 35 
13182 .004 .16 
13221 -.070 . 23 
13226 -.003 - . 37 
13265 -. 040 - . 21 

13277 -.027 - . OA 
13283 - , 032 . 04 
13304 - . 204 ,33 
13318 - . 017 , 20 
13364 -, 029 - , 15 

13372 - . 059 - . 21 
13379 - . 070 - , 2A 
13386 , 005 - . 37 
13388 - , 065 - . 15 
13419 -, 188 , 36 

13452 - . 034 , 3A 
13459 -, 023 , 16 
13528 - , 025 -. 24 
13573 -, 019 - , 3A 
13583 , 024 ,16 

13613 -, 022 - . 14 
13643 -, 036 - , 18 
13679 ,005 - . 02 
13704 - , 020 . 02 
13724 ,000 . 37 

13735 -,043 , lA 
13742 -, 048 - . 10 
13749 . 011 , 16 
13796 - . 010 , 26 
13814 -, 218 . oo 

1 3888 - , 023 , 18 
13896 - . 023 - , 35 
13916 - , 044 . oo 
13920 -, lîA - , 27 
13985 - , 004 -, 51 

13995 - . 024 -, 41 
14041 -, 037 .27 
14054 , 006 , 52 
14086 - , 015 - . 05 
14110 - . 020 . 18 

14143 -.011 - , 15 
14154 - ,078 . 77 
14180 - , 060 ,25 
14181 -, 005 - . 2, 
14263 , 009 , 54 

263 

0 - FK3 (Supp. ) 

No . Aa Al 

2750 - . 004 .01 
2751 - .050 -. 10 
2752 . 005 -.26 
2755 .015 - .26 
2756 .011 - . 12 

2758 - . 006 .oo 
2760 - . 003 . 10 
2762 -.053 .48 
2763 ,020 - . 07 
2765 . 003 - ,03 

2766 -.001 -, 06 
2767 , 006 . 01 
2769 .059 • 09 
2770 - , 007 , 41 
2772 , OR3 - . 23 

2773 - , 036 -. 07 
2774 - . 037 - , 27 
2775 , OlA - .oo 
2776 , 003 - . 14 
27AO , 026 , 59 

2781 - . 021 , 10 
2782 , 010 , 29 
2785 , 006 - ,30 
27A7 -,038 , 20 
2788 ,001 -. 17 

2790 , 093 - , 63 
2793 - , 011 -, 18 
2794 , 012 -, 50 
2798 ,013 , 47 
2800 . 010 , 12 

2802 -, 030 , 04 
2A03 -. 022 -, 17 
2A05 , 069 , 04 
2807 - , 018 -, "12 
3955 -, 224 , 24 

2811 , 0 14 , 35 
2812 -. 020 -, 54 
2814 - , 014 -, 09 
2815 , 070 -, 29 
2817 , 029 -, 03 

2818 - . 004 , 07 
2820 ,019 , 18 
2821 , 060 -, 41 
2823 , 006 , 01 
2824 ,011 - , 07 

2826 - , 013 ,29 
2827 -,052 ,19 
2828 ,192 .56 
2829 , 009 - , 27 
2833 ,015 , 25 
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No. , B.D. No. 1 M~p. 1 R.A. 1950 

501 9 2351 5.92 MO 10 22 37 . 140 
502 6 3146 5 . 85 K5 10 23 14 . 240 
503 20 2487 6.29 KO 10 24 17.474 
5ù4 45 1832 6 . 49 KO 10 25 36 . 207 
505 64 789 6.00 A3 10 26 59 . 189 

506 51 1605 6.70 F2 10 27 9 . 856 
507 0 2663 4.95 R5 10 27 44.086 
508 25 2260 7.16 FO 10 29 32 . 159 
509 41 2101 4.84 AS 10 30 19.272 
510 81 343 6 . 56 G5 10 30 59 . 402 

511 7 2330 5.17 KO 10 32 11.536 
512 54 1387 5 . 72 KO 10 36 0 0 295 
513 16 2144 6.62 FL 10 36 13. 733 
514 38 2166 5 . 83 G5 10 36 16.41L 
515 66 678 s.12 KO 10 38 33 . 334 

516 14 2294 5.64 KO 10 43 46 . 477 
517 28 1931 6.12 F5 10 47 9 . tJ69 
518 76 402 7.14 A3 10 47 28 .1 86 
519 60 1296 5.66 KO 10 48 16 . 052 
520 70 634 6.08 G5 10 50 7 . 032 

521 55 1418 5 . 36 KO 10 50 33 . 507 
522 43 2058 4.84 AO 10 51 6.476 
523 23 2279 6.24 K2 10 53 35.473 
524 52 1528 6.34 KO 10 56 21.244 
525 12 2284 6.36 F5 10 57 4.391 

526 46 1680 5.67 K2 10 57 22.855 
527 1 2471 4.97 MO 10 59 16.589 
528 20 2547 4.42 AO 10 59 39 . 764 
529 39 2414 6.08 A2 11 1 44.782 
530 50 1793 1.01 F5 11 2 53 . 490 

531 18 2452 6.59 K5 11 4 5 . 120 
532 72 515 6.87 FO 11 5 0.662 
533 25 2344 5.63 A2 11 6 B.318 
534 30 2111 7.18 G5 11 6 20.100 
535 37 2162 5,99 M3 11 6 34.410 

536 8 2476 5.90 KO 11 11 25.953 
537 79 356 7 • 08 KO 11 12 31.583 
538 23 2322 4.87 MO 11 12 32 . 815 
539 60 1318 6,66 A3 11 13 22 . 681 
540 2 2409 5.44 K5 11 14 42.983 

541 67 692 6 . 31 KO 11 17 51 . 472 
542 52 1558 7. 18 FO 11 18 B. 934 
543 57 1316 6.32 A2 11 18 58 . 050 
544 44 2083 5.06 G5 11 20 5.297 
545 12 2335 5.96 KO 11 22 23 . 381 

546 17 2356 5 , 63 F2 11 23 0 . 029 
547 62 1183 5.86 FO 11 26 13,997 
548 30 2163 6.78 FO 11 27 25,607 
549 2 3360 5.07 K2 11 27 45,511 
550 19 2459 5,74 KO 11 27 52.578 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

10011 1 Decl. 1950 

. 01 9 2 22 . 44 
-.96 -6 48 25 . 21 
-.41 19 37 10 . 68 
-.24 45 28 5 . 49 
-.86 64 30 53 . 80 

-.06 50 49 34 . 32 
- . 27 - 0 22 47 . 92 
-.37 24 41 59 .22 

-1.20 40 41 0 . 35 
-. 82 BO 45 12 . 37 

-.71 7 12 41. 78 
-1 . 09 53 55 47 . 62 

. 39 16 23 17 . 72 
-1.86 38 10 16 . 60 
-2.69 65 58 44.09 

-.87 14 27 32 . 91 
-. 04 28 14 18.15 

-2.16 76 15 37 . 80 
-.40 59 35 10.55 

-7.72 70 7 15 . 61 

-.79 54 51 5 . 08 
.42 43 27 23 . 98 

-.19 22 37 7 . 48 
-. 11 52 9 1.75 

-1.58 11 58 24.57 

.06 45 47 40 . 73 

. 10 -2 12 54.15 
-.01 2U 26 54 . 60 
- . 63 38 30 40 . 17 

-1.12 50 26 33 . 93 

.16 18 0 29.36 
-.78 72 13 48 . 11 

.04 24 55 46.14 
-.27 30 18 42 . 11 
-.38 36 34 50.98 

.29 8 20 4 . 68 
-1 . 95 78 34 55 . ù4 
-.15 23 22 5 . 83 
-.53 60 12 58 . 09 

.36 2 17 8 . 54 

.91 67 22 30,99 
-1.92 52 2 11 . 81 
-.61 57 20 56 . 21 
-.32 43 45 26.47 
-. 72 11 42 18.98 

-1,01 16 43 53.67 
-1 , 68 62 3 2,43 
-.77 30 14 35.26 

.12 -2 43 39.01 
-. 59 18 41 7.23 

100p' 1 No. 
a & 

- 4 . 2 7 8 
11.8 7 6 
-1 . 5 6 6 
-3.0 8 7 
-5.6 7 6 

- 4 . 7 6 6 
-2 . 5 9 9 

. 9 7 8 
-. 8 6 6 
-. 9 6 6 

5.6 6 6 
- 8 . 4 9 9 
-2 . 6 B 7 
-4.6 9 9 
-7.5 7 6 

-7.1 B B 
2 . 7 9 7 

-3.2 6 B 
-5.7 7 7 
-7.7 10 6 

-1. 5 7 7 
- 3 . 0 7 8 

.3 9 7 
-.4 8 7 
3.5 6 6 

. o B 9 
-3.7 7 7 

3 . 0 B 8 
-.3 7 B 

-1 . 8 11 9 

-3.7 8 B 
-1.3 9 9 
-.1 8 7 

-2.2 7 7 
-3.0 6 6 

-11.0 7 7 
-2 . 0 7 6 
-1 . 2 9 8 
-1 • 9 7 7 

-14.8 9 9 

-4.9 6 6 
-11. l 7 B 

1.6 6 6 
-1.6 B 6 
-1 . 4 9 B 

-1.4 9 B 
23 , 6 9 B 

-20 . 5 B 7 
-1,9 9 10 

1 . 0 6 6 

Epoch 

a & 

56.66 56 . 60 
56 . 94 57 . 42 
56 . 43 56 . 43 
59 . 56 59 . 89 
57 . 28 57 . 46 

59 . 09 59 . 09 
59 . 44 59 . 75 
56 . 97 57 . 50 
57 . 07 57 . 07 
59 . 54 59 . 54 

56 . 05 56 . 05 
57 . 38 57 . 50 
56 . 26 56 . 41 
57 . BO 58 . 15 
55 . 91 55.86 

56 . 87 57 . 11 
56 . 13 56 . 38 
56 . 89 57 . 22 
58 . 73 58 . 73 
56 . 64 56 . 74 

55 . 95 55 . 95 
57 . 41 57 . 51 
56 . 35 56.54 
56 . 63 56 . 85 
59.27 59 . 12 

59.BB 60 . 13 
56 . 52 56 . 52 
57 . 48 57 . 48 
56 . 21 56 . 34 
57.79 58 . 36 

56.62 56 . 62 
58 . 40 58.40 
56.87 56 . 96 
57 . 40 57 . 40 
57 . 10 57.10 

55 . 63 55 . 63 
56.84 57 . 27 
58.76 58 , 69 
57 , 38 57 . 38 
57 , 01 57 , 14 

55 . 38 55 . 38 
56 . 24 56 , 22 
56 . 93 56 . 93 
56 . 39 56 . 62 
55 0 88 55 . 96 

56 . 30 56 . 55 
57,62 57 , 91 
56.36 56 . 52 
57 . 94 57 . 59 
56 . 63 56 . 63 

0-G.C. 0 - FK3 (Supp.) 

No . âa No. âa âl 

14301 - . 020 -. 26 2835 . 010 -. 23 
14321 - . 009 . 82 2836 - . 037 . 20 
14340 - . 039 - . 15 2837 -. 018 -. 06 
14377 - . 015 . 04 2838 -. 053 . 20 
14404 . 024 - . 24 2839 . 074 .12 

14414 - . 029 . 67 2840 . 056 . 3, 
1443] - . 0,3 -. 04 21141 . 012 . 03 
14469 - . 063 -. 77 2843 . 064 -.15 
14491 - . 028 . 21 2844 -. 002 -. 03 
14509 -.124 . 23 2845 . 091 • 31 

14533 -. 023 -. 49 2846 - . 009 - . 51 
14625 . 022 . 13 2849 . 035 . 14 
14633 - . 026 . 01 2851 . 019 . os 
14634 -. 061 -. os 2852 -.042 . 22 
14688 - . 051 -. 07 2855 . 053 -. 16 

14814 - . 018 . os 2860 - . 007 -.15 
14897 - . 033 -.19 2863 . 019 -. 59 
14903 . 106 -.34 2864 . 105 . 30 
14912 -.049 . 77 2865 . 099 . 3, 
14954 - . 069 . 65 2866 . 066 . 69 

14962 -. 004 . 10 2869 . 030 -.13 
14974 - . 050 . 18 2870 -. 048 .09 
15035 - . 069 -. 13 2873 -. 042 . 02 
15082 - . 111 -.37 2876 -.010 -. 18 
15102 - . 013 -.15 2877 . oos -. 59 

15109 -.017 -.10 2878 . 003 -.04 
15151 -.028 -.14 2879 -.013 -.19 
15162 -.013 . 61 2880 -.010 . 16 
15215 . 010 . os 2882 . 016 -. 32 
15246 . 098 -.11 2886 . 001 -. 52 

15273 . 001 .1 0 2887 . 026 -.os 
15304 . 040 -. 36 2888 . 036 . 14 
15319 -.004 . 09 2889 -. 007 -. 28 
15326 . 044 . 24 2890 . 068 , 12 
15334 -.001 -. 05 2892 . o,5 -. 43 

15437 -.012 -. 05 2895 .0 16 -.27 
15459 -.261 . 39 2896 . 136 .40 
15460 - . 044 . 02 2897 -.031 -. 40 
15492 . 012 1 . 38 2899 . 020 -. 04 
15520 -.017 . oo 2902 -.ooo -. 32 

15586 -.088 -.65 2905 . 002 -. OB 
15594 , 029 .12 2906 -. 010 -.25 
15607 -. 085 -, 36 2907 -.005 . 33 
15625 -. 074 . 32 2908 -. 054 . 2, 
15670 , 014 .33 2912 . 009 . 23 

15677 -.001 . 09 2913 -, 005 . 24 
15745 -,018 . 28 2915 . 057 . 11 
15772 , 018 . 24 2916 -.016 -,57 
15779 -.026 -. 25 2917 -. 001 -.25 
15784 -,011 .45 2918 . 002 . 20 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1964-1962 

No . , B . D . No. 1 M+Bp. 1 R .A. 1950 

551 81 373 6 . 13 AO 11 2t! 23 . 393 -6 . 49 
552 37 2195 6 . 33 KO 11 31 17 . 0 50 -1.07 
553 3 2521 5 , IH F5 11 31 48 . 361:l -1 . 22 
554 55 1473 5 , 76 G5 11 32 20 . 225 . 09 
555 11 2377 6 . 45 Al 11 33 8 . 116 . 20 

556 78 392 6 . 71 K5 11 34 36 . 517 . 20 
557 51 1679 5 . 99 KO 11 35 11. 146 - . 56 
558 47 1894 6 . 25 F2 11 35 52 . t!37 - . 40 
559 8 2532 5 . 47 M3 11 35 52 . 900 - . 06 
560 22 2391 5 . 43 G5 11 38 11 . 175 - . 44 

561 32 2 179 5 . 74 F5 11 38 58 . 315 -2 . 74 
562 26 2250 6 . 19 K5 11 41 37 . vBIJ - . 13 
563 56 1544 5 . 41 KO 11 44 15 . 591:i . 15 
564 29 22 14 7 . 2 1 F2 11 45 49 . 800 - . 72 
565 13 24 6 5 6 . 22 A3 11 4t! 21 . 376 - . 116 

566 9 2560 5 . 62 KO 11 52 29 . 210 - . 20 
567 26 2270 7 . 04 KO 11 52 50 . 149 - . 47 
568 57 1343 5 . 93 KO 11 53 22 . 230 . os 
569 41 2253 6 . 54 F5 11 54 40 . 496 - 1 . 47 
570 18 2546 6 . 91 F 2 11 55 8 , 592 -. 66 

571 4 2556 5 . 24 AO 11 57 n . 2111 -. 13 
572 t! l 3t!9 6 . 44 MO 11 57 44 . 401:l - 2 . 96 
573 7 1 59t! 6 . 69 AO 11 58 18 . 671 - . 25 
574 36 2230 5 . 62 KO 11 59 6 . 137 - . 75 
57 5 4 3 2 179 5 . 07 A3 1 1 59 34 . 723 -2 . 95 

576 2 346 0 6 . 4 7 KO 12 3 26 . 072 - . 22 
5 77 2 251 7 6 . 13 KO lL 7 7 . 497 . 29 
57 8 6 2559 5 . 74 FO 12 7 30 . 446 - 1 . 07 
579 26 23 16 5 . 8 1 KO 12 9 19 . 064 - . 34 
580 2 1 239t! 5 . 67 G5 12 9 36 , 782 - . 13 

58 1 11 2440 5 . 81 A2 12 10 S-3 . 150 - . 65 
5112 66 7 51 6 . 78 KO 12 1 1 4 0 . 692 -. 61 
511 3 71 6 10 5 . 119 KO 12 12 46 . 304 - . 50 
584 15 2436 5 . 08 A2 12 13 27 . 855 - . 58 
5115 24 2443 5 . 06 KO 12 13 4 8 . t!45 - . 2 1 

586 3 3 22 13 5 . 08 KO 12 13 59 . 488 - . 39 
5 11 7 88 71 6 . 28 FO 12 14 4 5. (.,4ù - 5 . 96 
588 3 1 2350 6 . 14 F5 12 16 0 . 491:i . 70 
5 t! 9 7 5 4 70 5 . 4 1 A2 12 16 36 , 328 -. 86 
590 18 2592 4 . 91 KO 12 18 11 . 484 - . 79 

591 4 7 1955 6 . 52 KU 12 19 29 . 337 -. 77 
592 43 2218 5 . 98 FO 12 21 19 . 630 - . 70 
593 52 1626 4 . 9 7 KO 12 21 36 . 073 . 12 
594 64 896 6 . 37 G5 12 n 46 . 995 -. 29 
595 28 2115 5 , 15 A5 12 23 54 . 12 7 - . 11 

596 72 565 6 . 44 KO 12 24 14 . 8 10 -j . 37 
597 29 22t!8 4 . 56 KO 12 24 26 . 844 - . 64 
598 56 1598 5 . 84 MO 12 25 12 . 800 - . 30 
599 3 3298 6 . 03 F2 12 25 17 . 471 - . 59 
600 8 2609 6 . 16 K5 12 28 411 . 9111 - . 20 

Decl. 1950 100,.• l 
81 24 9 . 87 3 . 1 
37 5 3 3 . 52 -6 . 3 

3 20 17 . 0 8 -10 . 8 
55 3 42 . 56 - . 2 
11 11 17 . 48 -2 . 6 

77 52 21 . 23 . 9 
50 53 43 . 69 - 4 . 2 
47 6 42 . 18 -3 . 4 

8 24 40 . 35 . o 
21 37 50 . 38 - 4 . 8 

32 1 22 . 65 1 . 7 
25 29 44 . 73 1.3 
55 54 23 . 02 -3 . B 
28 41 41 . 95 - 1 . 8 
12 33 24 . 26 . 7 

8 43 19 . 05 1 . 1 
25 411 1 . 69 -. 6 
56 52 36 . 61 - . 5 
40 37 22 . 59 -7 . 1 
17 44 45 , 86 - . 8 

3 56 1. 24 - 1 . 5 
8 1 7 55 . 04 -3 . 8 
70 30 57 . 48 1 . 0 
36 19 17 . 36 - 9 . 1 
43 19 22 . 55 6 . 7 

- 2 51 10 . 98 -2 . 3 
2 lù 42 . 96 - 18 . 4 
6 5 5 . 50 1 . 5 

26 8 55 . 37 - 3 . 3 
20 49 13 . 28 -2 . 9 

10 32 25 . 36 - 2 .1 
66 23 13 . 44 -1 . 0 
70 28 41 . 48 -2 . 4 
15 10 38 . 20 -3 . ·5 
24 13 23 . 67 -1 . 4 

33 20 26 . 94 -12 . 2 
87 58 3 7. 75 5 . 2 
30 31 4 1. 50 -13 . 0 
75 26 16 . 79 . 1 
18 4 8 . 01 8 . 1 

47 27 35 . 08 -4 , l 
42 49 10 . 43 . 6 
51 50 20 . 53 . 7 
64 4 46 . 33 - . 2 
27 32 42 . 11 - 1 . 4 

72 12 24 . 30 -2 . 1 
28 32 46 . 13 -8 . 8 
55 59 21 . 76 -1 . 6 
-4 20 19 . 74 - . 6 

7 52 48 . 46 • 3 

No . 

a I 

7 8 
8 7 
6 6 
8 8 
9 9 

9 9 
7 7 
8 8 
8 8 
7 7 

8 8 
9 7 
9 8 
7 7 
8 7 

9 8 
8 7 
7 7 
7 7 
8 6 

6 6 
9 8 
9 9 
9 8 
7 7 

8 6 
6 6 
8 6 
6 6 
9 6 

9 R 
8 7 
9 8 
9 8 
7 6 

7 7 
7 6 
7 7 
9 8 
7 7 

8 7 
6 6 

10 10 
7 6 
8 8 

6 6 
8 7 
8 8 

10 10 
7 7 

Epoch 

a I 

57.16 57 . 42 
55 . 98 55 . 94 
55 . 44 55 . 44 
56 . 41 56 . 41 
57 . 5 0 57 . 50 

58 . 75 58 . 75 
56 . 85 56 . A5 
58 . 15 58 . 15 
59 . 06 59 . 06 
56 . 53 56.53 

57 . 02 57 . 02 
55 . 70 55 . R3 
56 . 49 56 . 53 
56 . 40 56 . 40 
56 . 13 56 . 25 

57 . 71 57 . 76 
58 . 19 58 . 47 
58 , 84 58 . 39 
58 . 31 58 . 31 
56 . 39 56 . 61 

56 . 40 56 . 40 
57 . 87 57 . 82 
57 . 95 57 . 83 
58 . 72 58 . 66 
58 . 00 58 . 00 

56 . 14 56 . 45 
55 . 92 55 . 92 
55 . 56 55 . 98 
56 . 15 56 . 15 
56 . 87 56 . 46 

57 . 38 57 . 54 
56 . 56 56 . 32 
57 . 51 57 . 28 
59 . 43 59 . 4 4 
58 . 43 58 . 83 

58 . 30 58 . 30 
59 . 13 59 . 10 
56 . 16 56 . 16 
57.06 57 . 29 
56 . 59 56 . 59 

56 . 24 56 . 27 
55 . 48 55 . 48 
56 . 71 56 . 71 
56 . 97 56 . 58 
56 . 06 56 . 06 

56 . 45 56 . 45 
57 . 52 57 . 73 
56 . 21 56 . 21 
57 . 90 57 . 90 
56 . 10 56 . 10 

0-G.C . 

No . 6 a 

1579 5 - . 092 . 04 
158 57 -.031 . 47 
15867 - . 0 16 . 27 
15875 - , 0 2A . 52 
15892 -.002 . 4 0 

15932 - . 170 - . 04 
15947 - . 016 1.01 
15970 - . 001 . 3 5 
15971 - . 013 .17 
1603 0 - . 028 . 12 

16051 - . 039 . 46 
16105 - . OOA - . 29 
16153 - . 043 . 20 
16177 .002 - . 15 
16219 -. 086 1 . 26 

16294 -. 029 - . 03 
16302 - . 014 -. A3 
16315 - . 039 . 21 
16347 - . 006 . 61 
16358 . 019 . 27 

16406 . 009 . 39 
16414 -. 056 -. 43 
16424 . 041 . OA 
16439 -. 047 . 32 
16445 -. 083 - . OR 

16530 - . 003 - . 09 
16608 - . 021 . 21 
16616 -. 031 -. 15 
16659 . oos -. os 
16667 -. 013 . 54 

16693 . ooo . 35 
16711 . 035 . 92 
16733 - . 077 -. 27 
16747 -. 015 . 06 
16752 - . 012 . 27 

16754 - . oso . 54 
16763 . 285 . 28 
16789 - . on . 25 
16797 -.138 . 27 
16835 -.012 - . 01 

16862 . 097 1 . 21 
16899 - . 079 . 61 
16906 -. 011 . 16 
16941 . 004 . 20 
16955 - . 043 . 23 

16960 . 402 - . 10 
16964 - . 042 . 24 
16985 - . 016 . 20 
16989 - . 029 . 35 
17063 .017 . 18 

265 

0 - FK3 (Supp . ) 

No . 

3956 -.00 4 . 21 
2923 - . 04 5 .05 
2924 . 01 0 . 45 
2925 . 0 27 . 21 
2927 . 0 34 -.26 

2928 - . 056 . 83 
29?'l . 01 9 .lA 
2931 . 009 . 11 
2912 - . 004 . 06 
2936 - . 007 .22 

293A .006 . o, 
2940 . 006 . 09 
2941 -.017 - .15 
2943 - . 027 - . 56 
2946 . 002 - . 38 

2951 . 010 - . 18 
2952 -.044 - . 62 
2953 . 003 . 14 
2954 - . 028 . 47 
2955 . 002 . 02 

2960 . 033 . 29 
3957 -. 046 - . 05 
2962 . 113 .13 
2963 -. 019 -. 11 
2965 -. 061 -. ,o 
2967 - . 012 - . 16 
2972 - . 004 . 25 
2973 - . 013 - . 04 
2976 .002 - . 35 
2977 . 003 . 14 

2978 - . 008 - . ,5 
2979 . 010 . 12 
29RO - . 064 . 18 
2981 -. 006 . 09 
2982 . 018 . 26 

2983 . 002 -. 03 
3958 - . 155 • 52 
2984 - . 020 - . 25 
2986 - . 047 . 19 
2987 . 017 - . 12 

2991 -.037 - . 56 
2993 -.083 - . 56 
2994 . 006 - . 06 
2996 . 010 • 03 
2997 - . OlR -.15 

2998 -.078 • 13 
2999 - . 005 - . 14 
3000 . 027 - . 06 
3001 - . 003 . 37 
3002 . 001 - . 32 
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No. , B.D. No. 1 M~. 1 R.A. 1950 

601 11 2473 6.46 KO 12 30 30 . 996 
602 17 2504 5 . 78 K2 12 34 27 . 918 
603 2 2560 6.02 MO 12 35 49.268 
604 21 2439 5 . 51 KO 12 36 38 . 097 
605 36 2295 6 . 32 AO 12 36 51.084 

606 34 2344 6.62 KO 12 39 52 . 847 
607 81 402 6 . 26 AO 12 43 9 . 618 
608 50 1948 6 . 77 FO 12 45 31 . 313 
609 67 764 5 . 67 K5 12 45 32 . 174 
610 25 2568 6 . 39 G5 12 46 20 . 937 

611 14 2549 5 . 64 AO u 46 23 . 860 
612 2 3593 6 . 15 F5 12 5v 37 . 355 
613 20 2772 6 . 56 G5 12 51 4 . 293 
614 34 2369 6 . 26 AL u 51 49.884 
615 47 2003 6 . oz M3 12 52 39 . 682 

616 0 3002 6 . 88 KO 12 53 4 . 811 
617 44 2234 6 . 95 AO 12 54 20 . 314 
618 9 2696 6 .77 F5 12 54 42.5U 
619 18 2682 4 . 96 MO 12 56 27 . 065 
620 76 473 6.19 KO 12 57 18.601 

621 31 2434 5 • 08 KO 12 57 53.llOO 
6LZ 60 l4j9 6 . 33 AO 13 0 37 . 423 
623 28 2185 4.90 K5 13 4 46.836 
624 6 2697 6.91 GO 13 6 18.8vl 
625 17 2595 6.18 KU 13 7 20 . 325 

626 63 1056 6.49 AO 13 7 54.347 
627 25 2610 6.46 KO 13 9 43.920 
628 12 2565 5.82 K5 13 10 3.572 
629 81 416 6.32 G5 13 11 56.890 
630 73 587 6 .43 AO 13 12 6.019 

631 0 2674 6.49 FO 13 13 51.367 
632 20 ·2814 6.29 A3 13 14 6.705 
633 69 694 6.11 B9 13 14 49.980 
634 50 1994 5.13 AO 13 16 7.026 
635 35 2435 5.96 A5 13 16 46.351:S 

636 44 2265 6.58 F2 13 18 40 . 012 
637 2 2664 5.68 AO 13 19 8.964 
638 4 3469 5.94 KO 13 20 43.226 
639 24 2578 5.75 A2 13 22 43.619 
640 0 2686 6.01 A3 13 23 37.559 

641 79 422 5.94 G5 13 26 29 . 710 
642 11 2575 5.71:S KO 13 26 44.285 
643 7 2655 6.29 K5 13 27 29.536 
644 5 3714 4.83 MO 13 29 21.697 
645 49 2227 4.63 A3 13 32 24 .748 

646 25 2652 5.90 MO 13 34 37.899 
647 55 1625 4.75 MO 13 38 50.572 
648 65 953 5 .7 0 AO 13 39 56.svu 
649 35 .!.474 5 . 98 KO 13 40 29.734 
650 78 466 6.11 KO 13 42 24 . 66~ 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

Decl. 1950 

- . 38 10 34 16 . 41 
- . 26 17 21 53 . 07 
-.52 2 7 46 . 70 
- . 60 21 20 13 . 97 

. zo 36 13 35 .11 

- 1.79 33 57 49.84 
1 . 14 80 53 41 . 26 

-1.08 50 25 46 .74 
. 06 67 3 46 . 83 

-2.49 25 6 50 . 89 

. 22 14 23 42 .7 8 
-1. 73 -3 16 54 .74 
-1.16 19 45 16 . 87 
-.77 33 48 17.38 
-.17 47 28 2.83 

-.14 0 19 33 . 43 
. 03 43 49 19 . 78 

-.54 8 33 49.19 
-.24 17 40 42.43 

.15 75 44 3ll . 63 

- .16 31 3 15.03 
-.32 59 59 5.01 

. 23 27 53 33 .41 

.56 5 28 58.24 
-.47 17 6 53.30 

-.42 62 29 42 . 54 
-.13 24 31 25 .56 
-.36 11 49 17.04 
-.36 80 44 8.79 

.49 73 3 49.12 

-.36 -1 7 36 . 04 
-.84 20 2 53.79 
-.27 68 40 16.02 
-.31 49 56 40.17 
- .24 35 23 24.25 

-1.35 44 15 5.31 
-.42 2 20 57.82 
-.13 -4 39 48.63 
-.06 24 6 51.85 
-.75 - 0 55 59.02 

-4.70 78 54 7.47 
-.42 11 4 36.62 

. os 7 26 11.83 
-.68 -5 59 53.80 

-1.28 49 16 15.83 

-.20 24 52 3.81 
-.26 54 56 2.82 

.8 3 65 4 28.48 

.15 35 14 24.83 
-L.25 78 18 52.95 

100,.• I 
-.3 

-2.4 
-2.6 
-1.7 
-1.3 

-11.6 
-4.6 
-2.2 
-. 8 

- 11 . 6 

-3.2 
-.7 

-19.6 
z .z 

-1.2 

-. 8 
-.3 
2 . 4 
2.2 

.6 

-1 .4 
-1.5 
-7.8 

-68.8 
-1.9 

-1.4 
-3.6 
-3. 0 

. s 
-3.l 

-1.8 
1.7 
1.1 
1 . l 

• 5 

1.5 
-6.0 
-2.1 
-1.5 
-.l 

2.6 
-4.6 

- . 4 
-4.8 

1.9 

-1.0 
-1 .4 
-1.9 

.4 
4.0 

No. 

" ' 
7 7 
9 9 
8 7 
9 9 
6 6 

8 8 
8 8 
7 7 
7 6 
8 8 

9 8 
7 7 
9 7 
6 6 
7 7 

7 8 
9 9 
6 6 
7 7 

12 12 

7 7 
7 7 
6 6 
7 7 
8 8 

8 8 
7 6 
7 7 

10 10 
6 6 

7 7 
9 8 
7 6 
7 7 
6 6 

9 9 
7 7 
7 7 
7 6 
6 6 

10 7 
7 7 
7 8 
7 8 
6 6 

6 6 
6 6 
8 8 

10 10 
8 9 

Epocb 

" ' 
56 .1 3 56 .1 3 
57 . 62 57 . 62 
58 . 78 58 . 70 
56 . Zij 56 . 28 
57.01 57.01 

56 . 38 56 . 38 
56 . 37 56.37 
57 . 89 57.89 
58 . 30 57 . 96 
58 . 67 58 . 67 

58 . 63 58 . 95 
56 . 47 56 .47 
57.63 57.43 
57 . 49 57.49 
57 . 36 57.36 

56 . 71 56 . 65 
57.42 57.42 
56 . 31 56 . 31 
55 . 86 55.86 
58.30 58 . 30 

56.78 56.78 
55.97 55 . 9 7 
56.65 56 . 65 
56 . 39 56 . 39 
57 . 31 57 . 31 

57 . 72 57.72 
56.15 56.14 
56 . 66 56.66 
57.63 57.63 
55.50 55.50 

56.22 56.22 
57.55 57.33 
57.40 57.63 
57.46 57.46 
57 . 15 57.15 

56 . 64 56.64 
56.19 56.08 
55. 71 55.71 
56.42 56.48 
56 . 77 56.77 

57.21 57.90 
57.49 57.22 
55.93 56.36 
55 . 91 55 . 72 
56.30 56.30 

54.99 54.99 
56.66 56 . 66 
57.97 57.98 
59 . 26 59.26 
58.83 58.66 

0-G.C. 0 - FK3 (Supp.) 

No. Aa No. A« Al 

17103 -.007 -. 01 3004 . 008 -. 27 
17183 -.010 . 17 3007 . 001 . 09 
1720g - . 04A . 45 3009 -. 019 -. 39 
17225 . 001 . 09 3012 . ooo -. 05 
17231 -.030 . 06 3013 -.003 -. 43 

17285 - . 006 . os 3014 . 029 -. 76 
17347 -.016 - . 18 3017 .076 .1 5 
17385 -.029 1.14 3019 -. 025 .,0 
17387 - . 044 .14 3020 .01 8 . 48 
17400 -. 001 . 67 3021 . 042 - . 10 

17401 -. 027 .46 3022 . ooz .15 
17487 -. 0 47 -. 34 3025 -. 025 .oz 
17499 . 047 . 85 3026 .021 .63 
17517 -. 009 . 01 3027 -. ozo -.44 
17533 -.068 -.05 3030 -. 002 -. 44 

17542 -.028 .20 3032 -. 004 .11 
17572 -. 025 .zz 3034 - . 020 -. 32 
17579 -.058 -1.43 3035 -. 025 .1 3 
17616 -. 050 . 30 3036 -.008 -.48 
17637 -.085 . 17 3037 -.018 . 32 

17647 -.009 -.28 3039 .002 -.31 
17702 - . 045 .01 3041 .004 . 13 
17787 .Q06 .28 3045 .006 . 17 
17811 -.013 . 65 3047 -.009 .23 
17825 -.020 . 30 3049 . ooo . 02 

17837 -.086 . 51 3050 -.005 . 56 
17877 -.028 -.22 3052 - . 037 -.16 
17884 -.006 -.59 3053 -.004 -.69 
17932 -.016 . 18 3056 . 021 .20 
17934 -. 083 .48 3057 .039 .42 

17960 .076 -.87 3058 -.009 -.48 
17970 .024 -. 04 3059 -.001 -.39 
17991 -.157 .25 3060 -.040 . 60 
18009 -.091 .03 3063 -. 043 -.25 
18023 -.020 .45 3064 .019 -. os 

18063 -.029 . 59 3066 . 003 -. 30 
18079 -.014 .26 3067 .025 . 11 
18109 -.019 -.17 3069 -.020 . 06 
18147 - . 002 .18 3072 . 008 -.28 
18163 -.030 .1 3 3074 -.018 -.06 

18223 -.319 .57 3075 . 014 .1B 
18234 -.019 .21 3076 -.004 -.28 
18249 -.028 . 56 3077 - . 019 . 30 
18288 -.037 .15 3079 -.014 .22 
18356 -.063 .28 3083 -.018 -.17 

18399 -.029 . 27 3085 -.011 .06 
18504 -.029 . 04 3087 . 012 -.04 
18527 -.021 . 91 3088 . 018 . 65 
18539 -.078 .17 3089 .008 -.45 
18583 -.osa .51 3090 .011 -.04 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No. , B.D. No. 1 M.sp. 1 B . A. 1950 10011 1 Decl. 1950 

651 39 2680 5 . 57 KO 13 44 50 . 41!! -1 . 17 38 47 31.67 
652 42 2440 6 . 78 K2 13 45 58 . 4 73 . 25 42 17 48 . 36 
653 31 2547 5 . 111 KO 13 46 23 . %7 - , 13 31 26 16 , 36 
654 21 2578 5 , 06 KO 13 47 20 , 907 . 12 21 30 41 . 61 
655 6 2800 6 , 25 KO 13 47 53 . 886 , 15 5 44 40 . 46 

656 62 13 18 6 . 05 KO 13 48 7 . 839 . 95 61 44 17 , 39 
657 35 2496 4 , 96 MO B 49 35 . 164 - , lt! 34 41 28 , 28 
658 69 724 6 , 44 KO 13 49 45 . 249 - 3 . 45 68 33 45 , 97 
659 12 2635 5 , 99 AL 13 49 51 . 321 , 16 12 24 41.69 
660 79 431 6 . 63 G5 13 50 9 . 142 -1 . 67 79 14 32 , 88 

661 29 2464 5 . 84 A5 13 50 54 . 201 -. 93 28 53 36 . 43 
6 62 0 275A 5 , 30 KO 13 52 7 , 901 - . 55 - 1 15 28 . 33 
663 14 2680 6 , 15 FS 13 53 25 , 334 - 2 . 01 14 18 2 , 37 
664 22 2650 5 , 42 AO 13 56 18 . 293 - . os 21 56 2 1. 62 
665 9 2835 5 , 88 A2 13 58 5 1. 850 . 23 9 8 9 . 02 

666 46 1922 6 , 46 K5 14 0 13 . 022 . 15 45 59 41 . 06 
667 5 2A36 6 , 28 F2 14 l 25 . 028 -. 12 5 8 25 , 35 
668 50 2047 5 . 44 MO 14 6 25 . 210 - , 66 49 41 37 , 65 
669 75 529 6 , 34 A3 14 6 31 . 644 - 1 . 51 74 49 49 . 53 
670 60 15 16 6 , 50 KO 14 7 13 . 031 -1 , 59 59 34 26 . 34 

671 3 2867 4 , 90 AO 14 9 43 . 777 -. 34 2 38 38 , 22 
672 70 778 5 . 36 MO 14 1 1 7 . 724 - . 48 69 40 1 .1 5 
673 22 2678 6 , 40 A2 14 12 21, 884 . 28 22 6 21 . 34 
674 10 2654 5 , 36 GS 14 12 23 . 795 -, 19 10 20 6 , 72 
675 1 2938 5 . 24 KO 14 1 6 57 , 686 -. 80 -2 2 7 . 21 

676 16 2637 4 , 97 KO 14 1 7 23 ,1 48 -1. 01 16 32 6 , 50 
6 77 31 2605 6 , 34 A2 14 17 57 , 420 -. 12 30 39 27 , 93 
678 2 5 2770 6 , 15 F2 14 20 52 ,1 00 - 1 . 22 25 33 49 , 83 
679 39 2 764 6 , 32 KO 14 23 26 . 674 -, 07 38 37 5 , 05 
6 80 6 4009 5 , 74 K5 14 26 3 , 262 -. 14 - 6 40 37 , 00 

68 1 36 24 9 5 6. 19 KO 14 26 12 . 147 -, 24 36 25 10 , 88 
682 1 2941 5 . t!O A3 14 27 17 , 372 . oo 1 3 2 , 75 
683 42 2508 6 ,45 GO 14 27 38 . 527 1 , 38 42 1 15 . 16 
6 t! 4 5 2886 6 . 13 K2 14 28 15 . v91 -. 01 4 59 37 . 03 
685 63 1136 6 . 04 F5 14 29 34 . 524 -2 . 67 63 24 22 . 95 

686 22 27 15 5 . 96 FO 14 30 16 . 097 -, 93 22 28 45 . 53 
687 33 24 74 6 , 28 F2 14 32 4. 022 . 9 1 32 45 9 . 98 
68 8 57 1519 6 , 25 F5 14 32 4 5 . 096 2 , 64 57 17 12 . 21 
689 50 2 095 5 , 90 K5 14 32 54 . 687 -, 48 49 35 7 . 88 
690 23 27 10 6 . 48 KO 14 33 51 .1 92 -.1 1 23 28 1.22 

69 1 80 44 8 6 , 35 KO 14 34 57 ,1 00 -3 . 64 79 52 36 . 91 
692 18 2906 5 . 98 KO 14 35 54 , 405 -. 23 18 30 53.26 
693 54 1693 5 , 52 AO 14 36 39 . 969 , 15 54 14 18 . 91 
694 8 2903 5 . 03 GS 14 39 11 . 258 -. 04 8 22 28.68 
695 41 2523 5 , 79 KO 14 41 48 . 005 -. 10 40 40 11 . 76 

696 15 27 58 6 . 10 M3 14 43 4 4 , 465 -. 58 15 20 27 . 58 
697 0 2886 6 . 06 AO 14 46 19 ,7 79 -. 06 - 0 38 27 , 09 
698 10 2748 6 . 77 KO 14 47 0 , 604 -. 34 10 15 7 . 24 
699 29 2581 5 . 66 A2 14 4 7 4 9 . 175 . 16 28 49 18 . 99 
700 24 2786 5 . 81 GO 14 48 1 . 526 1 , 09 24 7 2 . 06 

10011' 1 No. 
a 1 

-2 . s 6 6 
- 6 . 6 7 7 

3 , 4 7 7 
1 . 0 7 7 

- 1 , 6 6 6 

-10 . 4 6 6 
- 3 . 8 6 6 
-1 . 0 7 7 
- 1. 4 6 6 

• 2 8 7 

2 . 1 7 7 
- 3 . 1 6 6 

- . 5 9 9 
- 5 , 2 9 8 

. 4 6 6 

- 7 . 9 9 7 
-. 7 7 6 
5 , 5 7 6 
1 . 1 8 8 

- 2 , ll 7 7 

- 3 , 4 7 6 
- s . o 7 7 
-1 . 0 6 6 

- 16 , 0 9 8 
- 7 . 4 7 7 

5 , 2 8 8 
-. 7 8 7 
6 , 4 7 7 

-2 . 2 7 7 
- 6 , 1 9 8 

- 1 . 0 6 6 
• 1 8 8 

-22 . 5 8 8 
- 2 ,1 6 6 

. 3 10 9 

2 , 9 7 7 
-. 3 7 6 

- 24 , 0 7 7 
4 . 4 9 9 
1 , 5 7 7 

8 , 3 8 9 
-8 , 1 9 9 
- 2 , 4 8 8 
-. 4 7 7 
2 . 1 8 7 

. 9 7 7 
1 , 3 7 6 

-8 , 8 8 9 
- . s 7 6 
2 , 3 10 11 

Epocb 0 - G .C . 

a 1 No. âa 

58 . 84 58 . 84 18636 - . 024 
58 . 34 58 . 34 18651 - . 063 
58.83 58 , 83 18662 . 015 
57 . 35 57 , 35 18683 - . 002 
59 . 18 59 . 18 18698 - . 074 

59 . 72 59 . 72 18704 - . 068 
56 . 21 56 . 21 18741 - . 018 
56 , 93 56 . 93 1A744 , 030 
56 . 29 56 . 29 18746 - . 014 
59 . 72 59 , 15 18752 - . 273 

57 , 93 57 , 93 18769 - . 039 
56 , 30 56 . 30 18800 - . 036 
56 . 46 56 , 46 1A830 -. 008 
56 . 62 56 . 69 18900 - . 018 
56 . 16 56 . 16 18941 - . 019 

58 . 25 58 . 36 18969 , 023 
56 , 08 56 . 04 18993 . 020 
56 , 72 56 , A3 19095 - , 017 
58 , 12 58 . 12 19097 , 004 
57,96 57 . 96 19109 - , 115 

56 , 55 56 . 64 19 157 , 016 
58 , 38 58 , 38 191A9 -. 160 
56 . 39 56 . 39 19224 - . 025 
57 , 85 58 , 08 19226 -. 041 
56 , 86 56 . 86 19323 -. 012 

56 , 39 56 . 39 19334 - , 009 
55 . 4 1 55 . 54 19345 , 006 
56 , 74 56 , 74 194 00 , 031 
55 , 79 55 ,79 194 64 . 021 
57 . 00 57. 13 19516 , 015 

57 , 00 57 . 00 19519 - . 037 
57 . 63 57 , 63 19542 , 031 
57 , 49 57 , 49 19550 - . 009 
56 , 3 7 56 , 37 19572 , 026 
57 . 96 58 . 23 19595 - , 046 

56 . 53 56 , 53 19611 - . 023 
56 .41 56 . 57 19650 - . 081 
56 , 93 56 . 93 19666 - . 060 
59 , 28 59 , 28 19668 - . 018 
SA .40 58 . 40 19687 - . 017 

58 . 23 58 , 35 19705 - , 246 
57 , 70 57 , 70 19726 - . 002 
56 , 01 56 , 01 19742 - . 003 
57 . 10 57 . 10 19789 - . 037 
56 , 75 56 , 93 19841 -. 040 

55 . 81 55 . 81 19885 - , 016 
55 . 50 55 . 50 19932 - . 012 
56 . 64 56 . 94 19946 -.012 
55 , 70 55 , 91 19966 - . 021 
57 . 44 57 . 36 19974 -, 048 
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0 - FK3 (Supp.) 

No . âa âl 

.15 3094 . 016 - . 03 

. 34 3095 , 078 . 54 
- . 09 3096 - . 019 - . 44 

.14 3098 - . 007 - . 01 
, 53 3100 . 020 - , 16 

, 52 3101 . 014 , 64 
. 12 3102 , 008 , 01 

1 . 00 3103 , 032 -,20 
, 45 3104 - . 002 . os 

-.16 3105 . 091 . 02 

, 19 3106 - . 020 . 22 
, 36 3107 -, 006 .11 
. 65 3109 , 020 -. 22 
. 12 3113 -, 011 - . 36 

-, A4 3114 . 017 - , 65 

- , 43 3115 - . 033 - . 51 
- .O'I 3118 . 015 - , 39 

, 26 3124 - , 009 - . oo 
. 22 31 25 -. 003 . 30 
, 45 3126 -, 039 , 38 

. 45 3127 , 0 10 -, 03 

. 32 3128 -, 053 . 59 
, 21 3130 -, 016 , 16 

-, 13 3131 , 'lll -. 53 
-. 13 31'14 ,004 - , 41 

,61 3135 -. 007 , 20 
-. 32 31% , 0 14 -, 40 

, 07 3139 , 012 -, 74 
-, 33 3142 - , 016 -, 27 

, 44 3143 , 008 , 26 

, OA 3 144 , 005 - , 28 
, 42 3145 , 042 -. so 
, 48 3146 . 001 , 34 
. 45 3149 , 0 15 -1, 35 
, 73 3150 . 065 • 2'1 

, 58 3 151 , 006 -. os 
. 01 3153 , 049 - . 55 
, 51 3154 -, 016 ,48 
. 01 3155 , 009 -. 13 
. 32 3157 -. 019 -, 48 

. 39 3159 - , 062 .13 
, 68 3160 , 030 - . 02 

-. 36 3161 , 019 -. 51 
. 30 3163 - . 014 -. oo 

- . 23 3166 . 013 -, 06 

. 96 3168 -, 011 , 05 
- . 39 3169 , 001 -, A2 

. 11 3170 . 021 -,28 

. 28 3171 . 011 - , 39 
, 17 3172 - , 047 - . 16 
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No. , B.D. No. 1 M~p. 1 R .A. 1950 

701 3 3696 4. 59 FO 14 54 34.131 
702 50 2126 5.68 F5 14 54 43 . 357 
703 39 2820 5.58 F2 14 57 41.820 
704 2 3928 5 . 68 K5 14 58 43 . 778 
705 25 2861 4.93 K5 14 59 54.951 

706 16 2725 6 . 99 GO 15 0 13 . 806 
707 60 1582 5.89 A2 15 0 16.562 
708 72 664 6 . 66 GO 15 0 21 . 938 
709 2 2905 4 . 62 KO 15 0 22.256 
710 35 2642 5.66 KO 15 1 6 . 192 

711 45 2251 6.43 F5 15 1 20 . 450 
712 6 3001 6,22 G5 15 5 11 . 310 
713 50 2146 6.27 KO 15 6 44 . 197 
714 19 2935 5.98 M3 15 9 47 . 628 
715 23 2789 6.25 AO 15 11 19 , 095 

716 38 2629 6 . 42 KO 15 11 41 . 229 
717 29 2640 5.26 AO 15 12 23.631 
718 74 609 6.66 KO 15 17 47,451 
719 5 4057 5 , 60 K2 15 18 28 . 891 
720 52 1869 5,52 A3 15 18 36 . 781 

721 13 2928 6,20 AO 15 20 1 . 015 
722 63 1192 5,78 K2 15 21 47 , 914 
723 45 2284 6,24 K2 15 22 23 , 831 
724 34 2645 5.87 KO 15 24 19 , 797 
725 25 2916 6 , 26 K5 15 25 29 . 702 

726 2 2965 5.12 A5 15 26 6 . 499 
727 55 1756 6,30 A2 15 27 39 . 139 
728 64 1074 5.88 G5 15 30 13 , 140 
729 0 2982 5 . 76 KO 15 30 23 . 168 
730 77 592 5 . 33 K5 15 32 51 . 296 

731 18 3044 6.06 KO 15 33 16 , 947 
732 11 2826 6 . 11 G5 15 33 30.513 
733 85 263 6,98 KO 15 34 32.660 
734 35 2711 6 , 19 KO 15 36 52 . 813 
735 69 806 5 . 86 KO 15 37 29 . 985 

736 13 2982 5 . 26 AO 15 39 26.095 
737 81 523 6.97 G5 15 39 47 . 680 
738 52 1898 5 , 48 AO 15 41 28 . 979 
739 2 2989 5,80 G5 15 41 30 . 713 
740 32 2621 5,60 KO 15 42 0 , 946 

741 26 2737 4,73 G5 15 47 29.713 
742 13 3024 6, 16 GO 15 50 52,209 
743 56 1838 5,92 KO 15 51 6 , 546 
744 9 3116 6.20 A2 15 52 15,150 
745 20 3166 5,76 K5 15 52 22,276 

746 38 2712 5.47 F2 15 53 58.298 
747 50 2239 5.90 FO 15 57 39,077 
748 4 3096 5.90 KO 15 58 22 . 058 
749 18 3101 5,28 G5 15 58 59.395 
750 30 2738 4,91 AO 15 59 26.279 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

Decl. 1950 

- . 69 -4 8 37 . 94 
1.12 49 49 55.73 
- . 28 39 27 46 . 01 

. 20 -2 33 28 . 32 
-.05 25 12 17.12 

-1.53 16 14 57 . 45 
-. 31 60 24 0 . 77 

-8 , 63 71 57 38.58 
- . 38 2 17 11 . 57 
- . 36 35 24 2 . 44 

- . 87 44 50 20 , 55 
- . 06 5 41 22 . 34 
- . 06 50 14 43 . 80 
- . 09 19 9 47 . 05 

.36 23 lù 4 . 83 

-.09 38 27 3.72 
-.54 29 20 55.76 
- . 28 74 13 32 . 89 
- , 36 -5 38 43 , 76 

,11 52 8 16,41 

- , 03 12 44 43.26 
-.30 63 31 10 , 37 
-,23 45 26 48 . 78 
-.87 34 3ù 32 . 33 
-.04 25 16 28 , 30 

-.59 2 0 52 . 26 
- . 13 55 21 56 . 21 

-1 . 75 64 22 35 . 67 
-.09 - 1 1 4 . 78 

-1 . 49 77 30 59 . 92 

- . 56 17 49 15.24 
-.29 11 25 50 . 68 

.12 84 59 40,58 

.oo 34 50 12 , 73 
- . 96 69 26 40 , 86 

.26 13 0 23 . 86 
-1 , 67 80 46 30 . 49 
-,70 52 31 4 . 60 
-.56 2 40 27 . 24 
- . 28 32 40 21 . 44 

- , 59 26 13 13 . 20 
-1 ,05 13 21 6 . 87 
-,25 55 58 25 , 34 
- . 02 8 43 34 . 48 
- , 58 20 27 22.41 

.30 38 5 25 . 34 

.06 50 1 21 , 91 
- . 31 4 33 57 . 75 
-,37 17 57 19.03 
- , 24 29 59 23 , 10 

1001'' 1 No . 
a i 

-16 . 1 9 10 
- 23.1 10 10 

3 . 1 6 6 
-2 . 6 10 10 
-5 . 4 7 6 

7 . 9 7 8 
1 . 2 8 7 
8 . 9 7 8 

. 5 7 7 
, 3 7 7 

. 5 10 10 
-2 . 5 7 6 
-2 . 8 9 6 

. 2 9 8 
8 . 9 6 7 

-4 , 8 11 9 
2 , 2 8 8 
3 . 8 8 7 

-2 . 2 8 8 
, 5 7 7 

-1 . 6 7 6 
- 9 , 8 9 9 

- . 8 6 6 
4.8 6 6 

- 2 . 9 7 6 

-4 , 5 6 6 
2 . 5 11 9 
7 . 4 9 7 

-4 . 2 6 6 
. 7 7 6 

-2 . 2 7 6 
- 1 . 9 7 7 
- 5 . 6 6 8 
-2 , 4 10 9 

4 . 7 9 9 

-2 . 0 8 6 
4 . 6 7 7 
2 . 5 7 7 

- 15 , 7 7 6 
-1 . 9 8 7 

- 7 , 5 7 6 
-56 , 4 9 10 

5 , 1 10 9 
- . 6 7 6 
3 . 9 11 10 

7 . 4 7 7 
- 6 . 1 6 6 

7 , 0 8 8 
14 . 5 7 6 
-1 . 5 7 7 

Epoch 

a 1 

59 . 26 59 . 48 
58 . 89 58 . 89 
55 . 87 55 . 87 
57 . 92 57 . 92 
56 . 26 56 . 39 

60 . 70 60 . 18 
61 . 05 60 . 86 
59 . 99 60 . 30 
59 . 52 59 . 52 
56 . 57 56 . 57 

60 . 48 60 . 48 
56 . 11 56 . 24 
55 . 50 55 . 72 
55 . 86 55 . 91 
55 . 93 56 . 0l 

58 . 68 58 . 41 
57 . 89 57 . 89 
57 , 92 58.27 
57 , 43 57 , 43 
57 , 39 57 , 39 

56,96 56 , 57 
59 , 07 59 , 07 
58 .74 58 . 74 
55 , 25 55 , 25 
56 .1 3 56 . 24 

55 , 48 55 . 48 
57 . 36 57 . 35 
57 . 26 57 . 07 
56 . 26 56 . 26 
56 . 40 56 . 39 

56 . 83 57 , 23 
55 . 16 55 . 16 
59 . 76 59 . 04 
56 , 71 56 , 96 
57 . 43 57 . 43 

55 , 34 55 . 63 
56 . 13 56 . 31 
55 . 86 55 . 86 
56 . 0 1 56 . 27 
57 . 14 56 . 83 

57 . 57 57 . 28 
57 , 28 57 , 20 
57 . 21 56 . 98 
55 .7 1 55 . 77 
57 . 69 57 . 91 

55 , 31 55 , 59 
57 . 05 57.04 
58 . 90 58 . 90 
58 , 82 58,74 
56 , 30 56 , 30 

0-G.C. 0 - FK3 (Supp.) 

No. Aa No. Aa A& 

20115 .033 . 71 3177 . 004 . 39 
20119 - . 025 . 10 3179 . 048 -. 02 
20183 - . 054 . 76 31R2 - . 005 . 26 
20202 . 004 - . 02 3183 - . 001 -. 44 
20224 - . 055 . 24 3185 - . 078 -. 06 

20231 - . 027 1 . 05 3 187 . 065 - . 19 
20233 -. 011 -. 48 3188 . 048 - . 58 
20236 - . 120 -. 32 3189 . 013 . 04 
20237 -. 030 . 61 3190 . 008 -. Q3 
20252 -. 028 . 32 3191 - . 007 -. 04 

20258 - . 082 . 67 3192 -. 022 -. 17 
20346 - . 007 , 36 3196 . 007 -. 12 
20380 -. 034 . 59 3197 -, 001 . 13 
20442 -. 038 . 24 3199 - . 019 -. 10 
20474 -.053 , 82 3201 , 016 -. 11 

20483 - . 014 . 76 3202 -. 032 -. 20 
20495 -. 004 . 21 3204 -, 019 . 19 
20613 - . 213 , 02 3208 , 092 , 08 
20636 -. 002 , 88 3209 . 049 1 . 21 
20641 - . 027 , 53 3210 . 008 . 20 

20681 - , 033 , 61 3213 -, 013 . 12 
20706 . 002 . 58 32 1 5 , 019 , 11 
20720 -. 002 , 55 3216 -. 024 . 46 
20761 - . 071 . 10 3218 -, 008 -. 62 
20786 . ooo . 59 3219 -. 018 • 06 

20805 - . 016 , 60 322 1 - , 025 -, 09 
20833 - , 033 . 95 3222 . 005 . 70 
20894 - . 057 . 64 3225 , 031 . 52 
20896 - , 056 -. 09 3226 -, 023 -. 1 1 
20952 - . 012 .49 3229 -. 012 , 25 

20962 , 004 . 35 3230 -. 006 , 00 
20968 . 115 , 48 3231 -. 104 -. 13 
20994 -. 268 ,1 4 3959 - . 262 -. 22 
21048 - . 051 -.1 7 3238 -. 012 - 1 ,44 
21065 - . 117 . 55 3240 . 026 -, 07 

21105 -, 016 . 50 3243 - . 023 , 10 
21114 -, 187 -. 03 324 4 , 1 76 -.1 5 
21154 - . 046 . 19 3247 - . 008 -, 06 
21155 , 062 , 68 3248 -. 006 . 18 
21161 -.028 . 45 32 49 -. 019 . 11 

21276 -, 013 , 70 3252 . ooo . 02 
21337 - . 014 . 10 325 4 -. 021 -. 04 
21345 - . 044 , 08 3255 , 01 0 -. 15 
21367 -, 006 . 25 3 2 56 . ooo -, 60 
21368 - . 007 -. 13 3257 . 008 -, 31 

21402 - . 097 . 38 3259 - , 017 . 01 
21499 , 063 , 79 3260 . 012 -. 04 
21508 , 018 , 64 3262 . 015 , 26 
21525 , 014 . 54 3263 . 010 -. 12 
21534 -. 046 . 06 3264 -. ooa -. 31! 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIB LE MERIDIAN CIRCLE 1964- 1962 

No. , B.D. No. 1 àHSp. 1 R.A. 1950 Decl . 1950 

751 23 2886 4 . 82 A2 16 0 8 . 350 . os 22 56 30 . 94 
7 52 65 1095 7 . 10 A'L 16 0 28 0 373 - . 07 65 5 18 . 79 
753 46 2142 4 . 64 B9 16 l 14 . 270 . 52 46 lJ 28 . 88 
754 70 863 6 . 74 AO 16 4 58 . 919 . 49 70 23 43 . 31 
755 10 2958 5 . 63 A5 16 5 14 . 133 - . 14 10 l 2 7 . 53 

756 68 864 5 . 40 AO 16 6 10 . 691 -. 67 67 56 30 . 77 
757 17 2982 5 . 90 AO 16 9 12 . 785 . 02 16 47 37 . 55 
758 42 2683 6 . 01 K5 16 10 8 . 149 - 0 09 42 30 5 . 81 
759 13 3089 6 . 96 A3 16 10 37 . 553 . 32 12 55 37 . 11 
760 5 3165 5 . 64 KO 16 10 46 . 845 . 21 5 8 51 , 22 

761 21 2886 6 . 58 A2 16 10 57 . 905 - . 16 21 41 32 . 98 
762 29 2803 5 . 73 AO 16 14 44 . 448 . 12 29 16 2 2 . 12 
763 73 713 5 . 98 AO 16 15 21. 345 - . 38 73 31 3 . 66 
764 26 2817 6 . 63 G5 16 16 19 . 188 -. 07 26 1 1. 86 
765 60 1665 5 . 64 M3 16 16 24 . 937 . 10 59 52 33 . 00 

76 6 49 2491 6 , 19 KO 16 17 47 . 203 - . 22 49 9 24 . 98 
767 4 0 3005 5 . 54 F2 16 18 12 . 213 -1 . 09 39 49 38 . 33 
768 31 2845 4 . 72 KO 16 20 8 0 807 - . 77 31 0 25 . 25 
769 3 7 2750 5 . 53 A3 16 23 37 . 170 -. 01 37 30 24 . 70 
7 70 0 3529 5 . 47 K2 16 26 0 . 911 - . 04 0 46 3 1. 92 

771 42 2714 5 . 02 M3 16 26 59 . 861 . 22 41 59 26 . 37 
772 51 2106 6 . 37 KO 16 27 26 . 689 . 26 51 30 58 . 69 
7 73 79 498 5 , 54 A3 16 28 27 . 667 - 3 . 98 79 4 19 . 96 
774 35 2821:l 6 . 4 7 K5 16 29 12 . 684 . os 35 19 54 . 17 
7 75 5 3223 5 . 56 RB 16 30 7 , 897 . 10 5 37 34 . 59 

7 76 11 3008 4 . 92 K5 16 30 1 5 . 762 - 1 . 22 11 35 38 . 58 
777 17 3053 6 . 27 AO 16 33 11. 61:!6 -. 04 17 9 32 . 60 
778 46 2 194 5 . 95 G5 16 34 43 . 5 1 5 -. 15 46 42 49 . 04 
779 13 31 77 6 . 20 F2 16 35 29 . 613 -. 26 13 47 13 . 34 
7 1:!0 27 2661 1 . 00 MO 16 35 47. 194 -. 04 27 8 35 , 44 

7 8 1 56 1907 5 .44 G5 16 36 S-9 . 588 . oo 56 6 45 . 46 
7 82 25 3115 6 . 22 K2 16 38 56 . 091 -. 22 24 57 13 . 89 
783 1 3290 5 . 86 FO 16 39 10 . 387 -. 72 1 16 30 . 40 
784 64 1145 5 . 00 KO 16 40 33 , 892 . 02 64 41 1 . 33 
785 50 2319 6 . 64 F5 16 41 a . 295 1 . 27 50 1 51 . 88 

786 34 2830 5 . 90 F2 16 42 0 . 868 - . 59 34 7 46 . 98 
7 87 8 3271 5 . 38 K2 16 43 25 .7 06 -. 02 8 40 20 . 10 
788 5 3272 5 . 28 AO 16 45 18 . 558 -. 15 5 20 5 . 96 
7 89 42 2749 6 . 15 M3 16 45 43 . 602 -. 02 42 19 37 . 12 
790 53 1897 7 . 13 KO 16 48 13 . 982 - . 28 53 0 7 . 32 

79 1 30 2884 5 , 86 K5 16 48 41 . 748 -. 06 29 53 26 .1 3 
7 92 18 3261 6 . 87 F5 16 50 28 . 157 . os 18 8 39 . 73 
793 5 4374 5 . 35 KO 16 51 55 . 165 - . 26 - 6 4 25 . 39 
7 94 21 3002 5 . 48 KO 16 52 45 . 761 . 38 21 2 15 . 73 
795 60 1713 7. 16 KO 16 53 20 . 672 . 26 60 26 30 . 40 

796 7 0 906 6 . 95 A2 16 54 55 . 859 - . 21 70 32 34 . 28 
797 14 3155 6 . 5 1 G5 16 55 14 . 460 - . 61 13 57 33 , 56 
798 24 3095 6 . 36 KO 16 55 37 . 701 . 03 24 27 26 . 52 
7 99 42 2774 6 . 38 K2 16 56 15 .452 -.1 1 4 2 35 18 . 76 
800 73 751 6 . 24 A5 16 57 15 . 354 -. 01 73 12 14. 35 

1 . 5 
- 1 . 1 
- 6 . 7 

3 . 0 
-1.5 

6 . 0 
-. 4 
2 . 1 
1 .1 

-1 . 3 

, 9 
- 2 , 5 

2 . 8 
- . 4 
2 . 0 

2 . 7 
- . 6 

10 , 6 
-1 . 7 
-7 . 0 

- . 8 
- . 4 

10 . 9 
-3 . 2 

- . 5 

- 8 . 4 
- . 7 

. 4 
-6.3 
-4 . 0 

6 . 5 
. o 

4 . 8 
-1 . 9 

- 11 . 8 

4 . 8 
1 , 0 

- 4 . 2 
-2 . 9 

- . 3 

- . 6 
-4 . 0 
-2 . 3 

- . 2 
-1 , 5 

-5 . 6 
6 . 5 

- 3 , l 
-5 . 9 
- 2 . 5 

No. 

a I 

8 7 
8 6 
9 9 
6 7 
6 6 

7 6 
8 6 
7 7 
9 8 
7 6 

7 6 
11 10 

7 6 
8 8 

10 9 

8 9 
9 9 
7 7 
6 7 
8 6 

9 9 
9 7 
6 7 
9 8 

10 8 

7 7 
8 9 
8 7 
7 6 
9 7 

10 9 
7 7 
7 7 
9 7 
8 7 

6 R 
9 8 
7 6 
9 7 
8 8 

7 7 
9 10 
7 8 
8 7 
9 7 

8 6 
8 8 
8 6 
9 9 
8 6 

Epoch 

a I 

57 . 56 58 . 04 
56 . 34 56 . 62 
56 . 74 56 . 74 
55 . 05 54 . 95 
55 . 78 55 . 95 

57 . 54 57 . 25 
54 . 53 54 . 53 
55 . 45 55 . 75 
56 . 44 56 . 68 
56 . 75 56 . 79 

57 . 57 57 . 29 
57 . 29 56 . 90 
55 . 87 55 . 76 
56 . 43 56 . 43 
57 . Bo 58 . 12 

56 . 39 56 . 41 
58 . 00 58 . 00 
56 . 70 56 . 70 
56 . 24 56 . 28 
55 . 69 55 . 79 

57 . 66 57 . 66 
57 . 70 58 . 20 
58 . 13 5R . 62 
56 . 82 56 . 37 
57 . 18 57 . 73 

56 . 72 56 . 72 
57 . 85 58 . 12 
56 . 61 56 . 92 
56 . 62 56 . 81 
56 . 14 56 . 31 

56 . 85 56 . 99 
56 . 73 56 . 73 
57 . 21 57 . 21 
56 . 78 57 , 31 
56 . 95 57 . 04 

56 , 79 57 . 08 
57 . 57 57 . 83 
56 . 62 57 , 01 
57 . 93 58 . 47 
58 . 22 58 . 22 

57 . 62 57 . 76 
57 . 90 58 . 37 
59 . 91 59 . 86 
57 . 75 58 . 20 
57 . 71 58 . 37 

56 . 12 56 . 14 
56 . 2 1 56 . 47 
56 . 51 56 . 69 
58 . 82 58 . 83 
58 . 10 57 . 80 

0 - G . C . 

No . 4a 

21552 - . 068 .35 
21560 . 011 . so 
21580 - . 057 . 54 
21669 - . 234 - . 16 
21682 - . 039 .73 

21705 - . 048 . 65 
21777 - . 009 . 28 
21802 - . OlR . 09 
21808 - . 201 . 79 
21815 - . 011 . 66 

21820 - . 132 .9"1 
21900 - . 032 . 64 
21916 - . 120 1.03 
21937 . 008 . 10 
21943 - . 053 . 73 

21974 - . 074 - . 01 
21984 - . 064 . 68 
22020 - . 022 . 66 
22108 . 015 .39 
221 48 . 037 .31 

22172 - . 001 . oo 
22185 - . 020 . 79 
22205 - . 076 . 31 
22224 - . 106 . 85 
22244 - . 015 . 44 

22250 -. OOR ,44 
22314 - . 018 . 48 
22344 - . 020 -. 11 
22361 - . oos . 54 
22369 . 014 , 64 

2239/l - . 05"1 . os 
22452 -. 013 -. 24 
22460 .021 - . 07 
22489 - . 103 . 65 
22501 - . 018 . 52 

22522 - . 025 . 16 
22560 - . 012 .06 
22605 - , 014 . 30 
22611 -. 020 .29 
22672 - . 030 . 23 

22682 - . oos • 11 
22732 . 04R 1.02 
22783 . 002 . 21 
22802 - , 018 . 35 
22817 - , 063 -.16 

22855 . 006 1 . 63 
22861 . 012 - . 01 
22870 . ooo . 33 
22882 - . 027 . 86 
22910 - . 148 . 15 
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0 - FK3 (Supp.) 

No. 6a 61 

3268 - . 047 - . 22 
3270 . 059 . 28 
3271 - . 018 . 37 
3272 . OA5 . 42 
3274 - . 009 . 45 

3276 . 029 . 39 
3279 - . 001 .42 
32Rl - .080 -. 7R 
3282 . 032 - . 06 
3283 ,031 . 26 

3284 - , 024 1 . 19 
3287 -. 019 . 37 
3289 - .111 . 79 
3290 -. 001 - . 16 
3291 - . 004 . 24 

3292 . 003 . 09 
3293 . 023 . 19 
3294 - . 021 . 41 
3296 - . 006 ,1 2 
3300 . 018 - . os 

3303 -. 006 -.1 2 
3304 -, 015 -, 52 
3305 . ORO . 49 
3308 , 011 -. 03 
3309 . 005 . 19 

3310 . 008 - . 09 
3313 . 007 -, 13 
3314 - . 029 . 16 
3316 -.006 , 31 
3318 . oso , 03 

3320 , 014 - . oo 
3323 . 001 - . 01 
3324 . 012 - .29 
3326 . 043 , 54 
3328 - ,067 -, 11 

3330 - . 012 - . 60 
3332 - . 002 -. 4A 
3333 - , 019 - , 15 
3336 -,076 - . 15 
3338 - . 013 , 05 

3339 . oos - . 32 
3340 . 030 -. 12 
3342 .019 ,25 
3343 - . 008 , 24 
3344 - . 014 . 07 

3345 . 051 . 40 
3346 .004 -. 44 
3347 . 020 -. Rl 
3349 - . 043 - , 59 
3351 - , 059 , 48 
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No. , B.D . No. 1 M~p. 1 R .A. 1950 

801 6 3332 6.38 A5 16 58 2 . 960 
802 56 1934 6.11 KO 16 58 26.258 
803 25 3183 5 . 95 KO 17 0 15 . 579 
804 0 3224 5 . 62 B3 17 2 57 . 494 
805 49 2583 6.32 KO 17 3 29 . 978 

806 22 3073 5 . 72 K2 17 4 10 . 997 
807 40 3109 5 . 12 KO 17 7 55.918 
808 52 2032 6 . 13 R9 17 9 21. 728 
809 10 3165 5 . 56 K5 17 10 6 . 256 
810 63 1336 5 . 47 A3 17 12 6 . 390 

811 11 3156 5 . 28 K5 17 16 15 . 814 
812 38 2910 5.98 KO 17 16 42 . 420 
813 28 2719 5,78 KO 17 16 50 . 733 
814 46 2293 5.77 K2 17 18 56 , 2U 
815 70 925 1 . 00 AO 17 19 32 , 713 

816 53 1937 5 . 95 K5 17 20 40 . 295 
817 23 3100 5.70 A3 17 22 0 , 913 
818 80 544 5 . 91 K2 17 23 22 , 490 
819 7 3368 5.98 AO 17 23 54.053 
!:120 27 2809 6 . 36 A5 17 24 o . 560 

821 20 3481 5.42 R5 17 24 39.532 
822 34 2971 5 , 91 B9 17 24 58 . 256 
823 58 1731 6.52 A2 17 25 19 . 640 
824 0 3697 5 . 16 A5 17 26 16.4tl6 
825 5 4461 5 . 69 A2 17 30 49 . 52tl 

826 19 3354 5 . 59 F5 17 31 12 , 347 
827 16 321!:I 5 , 66 KO 17 31 25 . u95 
828 37 2908 6.15 KO 17 33 59 . 140 
!:129 74 717 7 . 06 KL 17 34 3 . 384 
830 30 3033 5 , 76 A2 17 34 42 . 462 

831 62 1559 7.14 K2 17 34 44 . 449 
832 24 3218 5 . 67 AO 17 35 27 , 378 
833 57 1791 6 , 84 KO 17 39 46 . 178 
834 14 3321 6.21 f5 17 41 5 . 201 
835 44 2757 6 , 57 K2 17 41 36 , 511 

836 31 3090 6.25 B9 17 43 47 . 3lù 
837 38 2997 6 , 51 KO 17 44 13 , 712 
838 36 2937 6 , 63 K5 17 45 7 . 983 
839 25 3353 5 , 34 Kù 17 46 47 . 376 
840 50 246tl 5,19 AL 17 47 52 , 510 

841 48 25!:ll 6 , 43 Btl 17 48 44 . 687 
t:!42 1 3412 6 . 45 KO 17 49 24 , 251 
843 40 3228 6 , 06 KO 17 50 26 . 956 
844 6 3566 5 , 82 F5 17 50 47 . 970 
845 11 3283 6 . 26 F5 17 51 53 , 76l 

846 22 3237 5 . 69 K2 17 53 44 . 651 
847 55 1995 6 , 10 FO 17 54 28.557 
tl4tl 7',t, tl ltl 5 , 54 FL 17 56 2 , 851 
849 6 3597 6 , 18 R3 17 58 26,402 
850 45 2638 5 , 92 K2 17 58 30 , 383 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

Decl. 1950 1001<' 1 

. 24 6 39 26 . 15 -4 . 5 
- . 60 56 45 41 . 23 3 . 1 

.38 25 34 29.27 8 . 4 

.oo - 0 49 30 . 05 - . 5 

. 30 48 52 19 . 53 -7 . 7 

- . 73 22 9 2 . 28 -4 . 7 
-. 48 40 50 19 . 28 . 4 
- . 14 52 28 9 . 06 -1 . 3 

. 04 10 38 39 . 16 - 3 . 0 

. 20 62 55 52 . 13 4 . 8 

. 01 10 55 2 . 06 -9 . 6 
- . 16 38 51 4 1. 87 7 . 1 

. 32 28 52 26 . 04 - . 9 
- . 32 46 17 2u . 22 4 . 0 
- . 45 70 50 12 . 61 1.4 

. 21 53 28 2 . 11 - . 7 
-.32 23 0 19 . 87 -4 . 5 

, 64 80 10 58 , 73 . o 
- . 01 7 38 16 . 47 - . 9 

. 02 26 55 14 . !:19 1 . 6 

-. 02 20 7 20 . 02 1.3 
-. 31 34 44 11 , 25 3 . 7 
- . 11 58 41 35 . 10 1 , 2 
- . 42 0 22 10 . 62 1 . 1 
- . 32 - 5 42 35 . 08 -10 . 2 

- . 24 19 17 29 . 12 - 9 .7 
- . 15 16 21 5 . 59 - 6 . l 

.1 0 37 19 55 . 69 - 1 . 6 
-1 . 7tl 74 15 33 . 42 3 . 6 

. 21 30 48 52,97 - 1 . 1 

- , 45 62 29 30 . 78 -. 6 
-. 11 24 2ù 18 .1 2 -. 1 
- . 19 57 20 2 . 69 3 ,1 
- . 07 14 18 5 8 , 70 2 . 7 
- . 38 44 6 18 , 88 3 , 8 

- . 05 31 31 23 . 67 -. 4 
, 03 38 53 59 , 93 - 3 , 8 
. os 36 6 17 . 09 - 2 . 9 

- . 06 25 38 17 , 19 - 4 . 3 
- , 55 50 47 3 1. 86 20 , 4 

-, 02 48 24 24 . 66 , 9 
- . ll -1 13 31 . 94 - . 4 
- .15 39 59 30 , 83 4, 7 
- . 85 6 6 36 , 28 6 . 9 
-, 5L 11 H 28 . 78 - 17 . 6 

- . 04 22 28 13 . 51 -. 3 
, 37 55 58 33 , 05 11 . 6 
, 07 72 0 38 , 67 . o 
, 00 6 16 7 . 71 -. 6 

- , 09 45 30 1 o. 14 - 3 . 8 

No. 

a I 

11 11 
7 7 
8 6 

11 8 
11 9 

11 11 
10 8 

9 9 
8 8 
8 7 

7 7 
11 9 

9 9 
8 8 
8 6 

13 9 
9 9 
7 6 
6 6 
9 9 

10 10 
6 6 
7 7 
7 8 

11 8 

8 7 
8 7 

11 8 
9 8 
8 8 

8 7 
11 9 
14 9 

8 8 
10 8 

10 9 
11 9 

8 8 
6 7 

11 1 1 

6 7 
8 7 
7 7 
9 8 
7 6 

10 9 
7 6 
8 6 
7 7 
7 7 

Epocb 

a I 

60 . 00 60 . 00 
59 . 82 59 . 82 
55 . 10 55 . 29 
56 . 57 56 . 98 
57 . 07 57 . 51 

58 . 12 58 . 12 
58 . 18 58 . 84 
59 . 29 59 . 29 
58 . 38 58 . 38 
56 . 40 56 . 37 

56 . 22 56 . 22 
58 , 05 5R , 71 
59 . 43 59 , 43 
55 . 87 56 . 10 
56 . 17 56 , 54 

55 . 98 56 , 54 
57 , 92 57 , 92 
56 , 81 57 , 01 
59 . 07 59 . 56 
59 . 82 59 . 82 

6 1. 19 61 . 19 
59 . 81 59 . 81 
56 . 97 56 . 97 
55 . 40 55 . 54 
57 . 25 58 . l 3 

56 . 54 56 . 53 
57 . 78 57 . 96 
56 . 79 57 . 37 
57 . 64 57 . 91 
56 . 67 56 . 66 

58 . 64 58 . 23 
57 . 06 57 . 53 
56 . 07 56 . 32 
55 . 92 56 . 04 
56 . 93 57 . 28 

5 5, 31 55 . 61 
57 . 71 57 , 74 
57, 17 57 . 17 
57 , 86 57 , 67 
58 . 72 58 , 72 

56 . 47 56 , 4 7 
58 . 1 3 58 . 63 
56 , 86 56 . 86 
57 . 23 57 . 84 
57 . 23 57 , 34 

57 , 95 58 , 20 
55 . 79 56 , 01 
56 . 16 56 , 19 
56 , 86 56 , 86 
57 , 70 57 , 70 

0-G.C . 0 - FK3 (Supp.) 

No . .6,a No. .6.a .6.& 

22927 . 023 . 30 3352 . 050 -. 13 
22938 - . 063 . 74 3353 . 001 . 14 
22985 -. 010 . 46 3356 -. 021 . 32 
23058 . 000 . 4R 3357 . ooo . os 
23071 -. 075 . 37 3359 -. 025 -.17 

21089 -. 008 . 97 3360 -. 009 . 15 
23172 . 051 . 51 3365 - . 031 . 09 
23200 -. 010 . 21 3367 . 009 -. 23 
23220 -. 02R - . 01 3369 - . 011 -. 21 
23266 -. 076 . lll 3370 -. QlR . 22 

23382 . 005 . 17 3372 . 001 . 08 
23390 , 006 . 37 3373 . 003 -, 06 
23393 -. 005 - . 15 3375 -. 009 -. 37 
23452 -. 054 . 04 3377 -, 015 -. 18 
23472 . 072 , 94 3380 , 028 , 28 

23505 -, 051 . 44 3381 . 021 . 01 
23546 -, 0'31 . 71 3'383 - , 032 , 22 
23599 -, 227 , 36 3384 -. 233 . 37 
23614 -. 024 . 22 3385 , 010 -. 72 
23619 . 002 . 44 3387 -. 004 . 33 

23641 . 013 . 38 3388 -. 004 . oo 
23647 . 035 . 23 3389 -. 011 -. '32 
23654 -. 052 -. OR 3390 -. 036 -. 0 1 
23677 -. 020 . 72 339 1 . 024 -. 21 
23788 -. 005 , 61 3392 -. 033 -. 15 

23798 . 0 10 -. 02 3393 , 008 -. 3 1 
23803 . 069 . 31 3394 . 032 . 01 
23863 -. 033 1 . 36 339 5 -. 129 -. 55 
23865 . 021 . 56 3396 . 048 . 45 
23879 -. 006 . 23 3397 . 067 -. ·n 

23883 -. 097 -. 26 3398 -. 067 -. 59 
23901 -. 023 . 30 34 00 , 010 -. 26 
24010 , 014 .1 7 3406 . 096 . 38 
24052 . 029 , 03 3407 -, 052 • 05 
24 067 -. 006 . 01 34 08 -. 022 -.1 3 

24 11 6 . 033 , 18 34 10 , 04 8 -, 17 
241 28 -, 044 , 57 3411 , 033 , 12 
24 155 -. 009 -. 26 3414 , 008 -, 15 
24 199 -, 016 , 02 3415 -. 0 06 -, 45 
24 221 -, 025 , 62 34 16 -, 034 , 01 

24253 -. 043 . 56 34 17 -. 003 -. 12 
24271 , 034 , 38 ~418 . 0 11 -.1 8 
24 309 -, 028 .1 2 341 9 -. 033 -.1 8 
24320 . 004 -. 0 1 3420 -. 006 -, 52 
24349 . 068 . 76 342 2 . 014 -. 17 

24392 -, 019 -. 11 3427 -. 002 -. 58 
24410 -. 028 . 65 3428 - . 035 . 11 
2 4459 - . 102 . 96 3429 -, Oîl 4 1 ,05 
24 515 -. 035 , 29 3432 -. 00 1 -, 05 
24 518 , 0 14 , 53 3433 , 0 09 -, 09 
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No. B.D. No. M-+Bp. B.A. 1950 100,. Decl. 1950 100,.• 
a ' a ' No. b,a âl No. b,a à. Epoch 0-G.C. 0 - FK3 (Supp .) 

851 33 3009 6 . 27 KS 17 59 45 . 919 . 16 33 18 36 . 40 2 . 4 7 6 55 . 35 55 . 50 24554 - . 011 -.16 3434 -.043 - . os 
852 66 1077 6 . !l7 FS li:l 5 14 . 169 . 30 66 56 20 . 77 1.4 8 7 55 . 82 55 . 98 24704 - . 070 . 37 3440 . 091 .15 
853 50 2525 6 . 35 KO 18 5 41 , 613 - . 03 50 48 50 . 31 9 . 9 9 9 57 . 39 57 . 39 24714 -.021 .26 3441 . 014 . 01 
854 14 34,0 6 , 30 AL 18 6 16 . 989 - . 11 14 16 32 . 38 -1.8 9 9 57 . 99 57 . 99 24734 . 031 1.24 3442 . 019 -.11 
855 20 3674 4 . 32 R3 18 6 37 . 101 . oo 20 48 18 . 92 -1 . 2 7 6 57 . 58 58 . 23 24740 - , 010 . 33 3443 . oos .04 

856 3 3620 5 . 70 KO 18 8 10 . 326 , 14 3 18 46 . 19 -.1 10 A 56 . 13 56 . 54 24783 - . 011 -.07 3445 . 013 - . 17 
857 54 1950 5 . 94 KO 18 9 30 , 040 1 . 29 54 16 15 . 70 24 . 8 12 9 56 . 87 57 . 53 24820 -.059 . 30 3447 .009 . 13 
858 31 3199 s . 02 MO 18 10 l. 155 -.10 31 23 30 . 04 1 , 9 8 7 56 . 21 56 . 15 24831 - . 023 . 60 3448 -.oos -,17 
859 60 1813 6 . 32 AO 18 10 30 , 925 - . 18 60 23 46 . 33 . s 8 8 57 . 58 57 . 80 24848 . 019 -,36 3449 . 050 - 1 . 06 
860 38 3113 5 , 88 AO 18 11 24 . 620 - . 13 38 45 30 . 67 . 7 12 9 56 , 28 56 . 86 24874 . 012 .26 3451 -.088 .17 

861 68 984 6 , 11 KO rn 15 34 . 454 . 27 68 44 17 , 02 -6 . l 8 7 58 , 60 58 . 89 24975 -.036 . 63 3455 -.009 . 26 
862 13 3593 6 . 18 85 18 15 45 , 483 - , 07 13 45 24 . 30 -2,6 6 6 57 , 24 57 . 24 24977 -.002 1.48 3456 -.005 , 23 
863 24 3381 5 , 49 KS 18 17 7 . 132 , 06 24 25 26 , 14 -. 3 10 10 58 ,4 3 59,03 25003 -.005 , 42 3457 , 036 -. 35 
864 49 2782 5 , 09 MO 18 20 15 . 788 -. 30 49 5 43 . 97 4 , 9 8 7 56 . 55 56 . 70 25085 -.042 . 40 3458 -.032 . os 
865 17 3555 5 , 48 KO 18 20 36 . 388 ,46 17 48 0 . 01 1.8 12 8 56 , 55 57 . 31 25093 , 017 -.02 3460 . 007 -.12 

866 39 3410 5 . 04 A2 18 22 34 . 846 -. 19 39 28 44 , 16 -1.1 8 7 57 . 44 57 . 71 25137 -.037 . 59 3463 -.014 -.13 
867 65 1271 4 , 99 KO 18 25 50 , 449 1 . 61 65 31 57 . 07 -2 . 8 8 7 56 . 27 56 . 53 25212 -.011 . 42 3465 , 015 . 35 
868 79 587 6 . 61 KO 18 27 23 , 128 -1.04 79 11 25 . 93 7 . 5 9 8 57 ,1 8 57 . 38 25244 , 23A -.53 3467 . 012 -.o, 
869 3 3727 6 . 50 85 18 27 36 . 044 -.07 4 l 49 . 99 -2.0 8 7 58 . 81 58 . 82 25256 .047 1.24 3469 . oos . 21 
870 23 3363 5 , 99 K5 18 30 41 . 232 , 04 23 34 41 . 79 1 . 0 6 6 59 . 38 59 . 38 25328 . 018 . 26 3472 , 034 . 16 

871 52 2232 6 ,43 A9 18 31 2 , 603 -,16 52 4 38 . 04 • 5 6 6 59 , 86 59 . 86 25343 - . 014 . 21 3474 . 009 -.14 
tl72 56 2113 4 , 95 F8 18 ::H 42 . 669 -. 11 57 J 24 . 55 -.7 8 7 58 . 49 59 , 04 25362 -.017 . 22 3475 -.015 . 28 
873 86 282 6 . 82 MO 18 31 4 7 . 968 -.69 86 37 43 . 45 2 . 9 10 9 60 .79 61 . 02 25364 - , 334 . 43 3960 , 151 . 33 
874 20 3847 6.44 A2 18 32 10 . 393 -. 01 20 25 34 , 85 -. 6 7 6 58 . 40 58 . 89 25371 -.004 . 52 3476 -. 014 -. 03 
875 0 :;521 5 . 80 AO 18 35 1. 751 . os - 0 21 11 , 10 - 2 . 4 9 9 59 . 13 59 . 13 25456 . 022 . 35 3480 .012 , 28 

876 43 3027 6,26 AS 18 35 13.600 , 21 43 10 42 , 59 - 1 . 4 11 8 58 . 92 59 . 67 25464 -,055 , 73 3481 -.062 -.08 
877 14 3603 6 . 86 AO 18 36 18 , 343 . 06 15 2 17 , 56 3 , 3 10 7 57 . 89 58 , 15 25497 , 002 -1. 21 3483 -,031 , 50 
878 62 1637 5 ,60 AO 18 37 6 , 339 - . 14 62 28 50 , 49 4 . 2 6 6 56 , 94 56 . 94 25519 -,079 . 34 341<4 . 010 -.1 9 
879 5 3891 6,30 GO 18 37 9 ,1 37 , 06 5 13 4.45 -1. 5 13 10 58 , 68 59 , 43 25520 -,014 1 . 43 3485 , 018 -. 34 
880 3 1 3332 6 .47 AO 18 39 47,934 . 01 31 34 5 , 51 ,4 9 9 57 . 32 57 , 32 25583 -, 003 . os 3487 , 016 -. 68 

881 55 2107 5 , 08 AD 18 41 39,776 -.06 55 29 17,52 2 , 0 7 7 55 ,7 3 55 . 73 25635 - . 029 . 19 3491 -. 001 , 18 
882 41 3137 5 , 88 A9 18 44 36 . 972 -,06 41 23 12 , 91 -,9 10 8 57 , 53 58 . 04 25732 - . 010 , 52 3493 -, 081 -.52 
883 4 3884 6 , 34 K5 Hl 45 33 . 710 • 0 1 4 11 5 . 10 -,3 8 8 59 , 30 59 , 30 25756 -,033 1 . 08 3494 , 036 -.12 
884 48 2770 6 , 02 A3 18 46 56 , 889 -,2() 48 42 34 ,1 2 4 .- 2 10 8 56 , 25 56 . 56 25799 -,029 ,61 3497 -.040 -. OB 
885 3 4392 6 , 04 A3 18 48 44 . 548 -. 03 -3 22 40.63 -2.7 8 A 58 , 06 58 . 06 25862 , 003 . 29 3500 -, 009 -,37 

886 79 604 6.33 AS 18 49 11 ,47 8 ,7 8 79 53 4.71 7 . 5 10 10 58.17 58 .1 7 25868 -.109 - . 24 3501 -, 117 . 47 
887 13 3787 6, 09 89 18 49 44,338 -, 07 13 54 16 , 37 -1,9 11 7 57 , 00 57 , 49 25886 , 013 1 . 34 3503 , 022 , 76 
888 36 3307 5 , 51 83 18 51 58 , 674 -. 02 36 54 29 .1 3 -.6 10 6 56 .79 57 , 30 25934 -,007 . 19 3506 ,016 -,38 
889 10 3720 6 , 83 K2 18 52 0 ,478 . os 10 44 38.82 2 , 4 6 6 56 . 77 56 . 77 25937 - , 014 -,69 3507 . 022 -.70 
890 22 3524 4.56 GO 18 52 38 , 152 , 02 22 34 49 , 52 • l 9 8 57 , 57 57 , 70 25954 . ooo - , 06 3508 , 010 , 21 

891 6 ::l978 5 , 66 G5 18 53 l . lU , 10 6 33 4 , 45 -9,0 7 6 59 , 17 59 , 25 25964 ,016 .21 3509 . 014 ,34 
892 57 1922 5 , 71 KO 18 55 54 . 231 -,46 57 44 52 . 94 -6,9 9 9 56 , 64 56 , 64 26049 -.042 . 56 3513 -, 048 ,07 
893 65 1309 5 ,7 8 KO 18 56 12 . 432 -, 43 65 11 26 , 66 -1.8 9 8 56 . 05 56 . 23 26055 -.017 - . 29 3514 , 019 -,04 
894 50 2708 5 . 24 83 18 58 58 , 143 , 19 50 27 42 , 79 - .1 10 7 56 , 14 56 . 68 26138 -,115 , 64 3515 -.oos , 07 
895 69 1018 6 , 40 fl9 18 59 11.481 . 36 69 27 37,12 -4.2 9 6 56 , 05 56 , 27 26146 - . 240 2 . 21 3517 - . 023 , 18 

896 26 3429 5 , Su 83 18 59 15 , 383 - , 08 26 13 8 , 97 -1. 2 7 7 55 , 94 56 . 48 26151 ,008 ,22 3518 .001 -. 16 
897 82 572 6 . 83 AD 18 59 20 , 993 , 53 82 18 5 , 65 2 , 2 9 7 56 , 61 56 . 46 26155 . 059 -.16 3961 ,092 - . 07 
898 19 3888 6 . 25 Kù 19 u 41 . 767 - . J3 19 35 12.56 -,8 8 6 54 , 91 55 . 04 26198 ,006 , 31 3521 ,024 - , 25 
899 10 3787 5 , 10 88 19 4 37 , 316 - , 04 10 59 34 . 02 -3 , l 7 8 56 . 92 56 , 88 26315 ,005 . 01 3525 . 037 . 02 
9"00 41 3232 6 . 15 83 19 4 39 , 7ul - , ()3 41 20 7.25 - . 9 9 7 58 , 89 58 , 82 26318 . 008 ,46 3526 - , 047 -,32 
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No. , B.D. No. 1 M~p. 1 R.A . 1950 

901 16 3758 6,46 FS 19 6 25 , 852 
9u2 5 404v 5,37 F2 19 6 32,9v!J 
9ü3 65 1326 6,19 A2 19 9 34,725 
904 31 3497 5, 77 AO 19 9 50 , 862 
905 56 2209 5,24 KO 19 10 43 , t!ùl 

906 76 717 5,06 FO 19 11 1. lB 
9u7 2 3824 5,10 RB 19 11 11,394 
9Vd 21 3713 4 , 60 R5 19 14 3,97!:I 
9V9 46 2651J 6,04 F5 19 15 ;>S,257 
910 40 3665 6,70 AO 19 17 17 , 724 

911 5 4936 5,10 G5 19 17 52,725 
912 34 3503 6 , 29 68 19 18 43,437 
913 0 3725 5 , 95 KO 19 19 47,230 
914 65 1345 4,63 A2 19 20 24,IJ37 
915 9 4081 6.25 F8 19 20 25,393 

916 83 552 6,34 A2 19 21 39,137 
917 49 2994 6,31 f\9 19 22 5,J49 
918 29 3584 4 , 86 R3 19 22 9 , 191 
919 36 3557 5 , 15 AO 19 24 20 , 977 
920 13 4020 6,26 R5 19 25 15 , 871 

921 62 1716 6 , 46 K5 19 25 51.874 
922 70 1073 6 , 25 K2 19 31 24 , 739 
923 59 2060 6 , 43 K5 19 32 23 , 080 
924 22 3741 6 , 12 R9 19 33 59,924 
925 74 831 7, 13 KO 19 36 13 , 817 

926 3 4097 6,37 R3 19 36 18 , 759 
927 29 3684 4 , 79 KO 19 37 24 , 028 
928 54 2193 5 , 86 FS 19 37 33,698 
929 42 3413 5,39 RB 19 37 48 , 744 
930 0 31313 5 , 52 AO 19 38 8 , 743 

931 13 409A 5,84 R3 19 38 46,555 
932 45 2949 5 , 05 F2 19 39 17 , 508 
933 i2 3-531 5,89 A2 19 40 49,072 
934 3 4701 6 , 50 R3 19 43 15 , 361 
935 40 3902 5 , 62 R2 19 48 54 , 256 

936 22 3833 4,91 R3 19 48 54,846 
937 52 2547 5,17 K2 19 49 22 , 404 
938 24 3914 5 , 67 F5 19 49 55 , 268 
939 46 2793 5 , 51 RO 19 50 28,593 
940 11 4055 5 , 29 A2 19 53 52,128 

941 5!! 2013 5 , 13 K2 19 54 58,168 
942 16 4081 5 , 38 R9 19 55 29 , 163 
943 39 3968 5 , 43 R3 19 55 29,559 
944 30 3837 5 , 44 RH 19 56 38,919 
945 0 4375 6,35 r,5 19 56 50 , 103 

946 36 3R06 5 , 15 fl3 19 58 5 , J62 
947 4 4325 6 , 80 K5 20 0 43 , 441 
948 64 1405 5 , 43 MO 2J 0 56 , 996 
949 76 771 6 . 43 MO 20 J 2 , 424 
950 67 1222 4,66 KO 20 2 35 , 937 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

Decl. 1950 

- . 22 16 46 18,82 
- , lü 5 59 35 , 63 
- , 01 65 53 41. 30 
- , 10 31 11 55 , 60 

, 44 56 46 23 , 95 

1 , 34 76 28 41 , 98 
, J4 2 12 25 , 34 

- , 07 21 18 3 , 03 
- . 16 46 54 15 , 69 

, 02 40 16 1.90 

, 74 -5 3J 38 , 92 
. os 35 5 28 , 10 
. 32 - 0 2J 54 . 74 
.21 65 37 5 , 63 
,06 9 48 52,54 

,44 83 22 9 , 99 
- , 02 50 lu 22 , 07 

, 09 29 31 20 . 32 
,00 36 12 59 , 50 

- , 12 14 10 47 , 93 

, 23 62 27 16 , 03 
- , 21 70 52 51 . 50 

. 12 60 2 56 , 52 
, 00 22 28 25 , 49 
, 28 74 15 52 , 32 

- , 06 3 15 59 , 85 
- , 02 30 2 12 , 85 

, 43 54 51 21.57 
, 15 42 42 6 , 35 
, 09 - 0 44 18 , 89 

-,05 13 41 53 , 90 
, 83 45 24 20 , 44 

- , 09 32 18 25 , 58 
. oo - 3 0 22 , 06 

- , 06 40 28 17 , 80 

, 12 22 28 54 , 16 
- . 15 52 51 37 , 73 
- . 07 24 51 45 , 31 
- , 08 46 53 51.25 

• J 9 11 17 22 , 61 

-, 15 58 42 42 , 80 
, 04 16 39 11 , 14 
. 01 40 13 56 , 85 
, 21 30 5J 48 , 86 
, 12 1 14 22 , 90 

- , 02 36 54 16 , 54 
. 12 4 35 20 , 27 
, 08 64 40 50 , 70 

- . 78 76 20 33 . 75 
, 22 67 43 51.55 

100,.' 1 

-9 , 9 
-7.8 

3,3 
- . 3 
4 , 4 

-12 , 1 
• J 

- . 5 
28 , 8 
1,0 

4 . 7 
, 8 

-2 , 8 
4 , 1 
9 , 4 

l , ù 
1.6 
1 , 0 

. 7 
- 1 , 3 

5 , 0 
5 , 7 
- , 3 

- 2 . 1 
1.8 

. 4 
3 , 9 

16 , 6 
2 , 7 
1 , 5 

-1,8 
11 , 1 

- , 9 
-. 2 
- , 9 

-2 . 1 
- 6 , 9 

1 , 1 
- , 4 

. 6 

-2 , 1 
1, 4 
- . 3 
- , 2 
5 . 3 

. 3 
- 1.6 
-1 . 2 
-5 , 7 

4 , 9 

No . 

a I 

9 7 
10 6 
12 8 
10 8 

6 7 

7 7 
10 8 

8 6 
10 7 
10 10 

11 7 
7 7 
8 6 
9 9 
7 7 

9 9 
7 6 
7 6 
9 9 
8 6 

8 7 
8 8 
8 9 
8 Il 
7 Il 

11 9 
7 6 

10 7 
9 7 
7 7 

7 7 
8 7 
9 9 
7 6 
7 6 

9 7 
9 9 
9 9 
9 R 
9 7 

10 8 
8 8 
6 6 
8 6 
8 6 

8 6 
8 8 
8 6 

JO 7 
6 7 

Epoch 

a & 

57 , 30 58 . 06 
56 . 28 56 . 41 
58 , 17 58 , 69 
56 , 39 55 , 63 
57 , 29 56 , 91 

57 , 18 57 , 59 
59 , 64 60 , 28 
56 , 25 56 , 80 
56 , 70 57 , 17 
57 , 36 57 , 76 

57 , 59 57 , 54 
56 , 00 56 , 00 
56 : 72 57 , 10 
58 , 17 57 , 91 
56 . 16 56 , 16 

59 , 11 59 , 11 
56 , 42 56 . 73 
57 , 88 58 , 28 
57 , 67 57 , 67 
57 , 10 57 , 62 

56 , 61 56 , 32 
55 , 63 55 , 63 
56 . 92 56 , 67 
56 , 62 56 , 62 
55 , 74 55 , 61 

57 , 23 57 , 26 
56 , 07 56 . 28 
56 , 47 56 , 86 
57 , 07 57 , 18 
57 , 71 57 , 71 

57 , 71 57 . 71 
57 , 89 58 , 06 
55 , 60 55 , 49 
56 , 32 56 , 45 
57 , 32 57 , 61 

58 , 81 59 , 87 
60 , 63 60 , 63 
60 , 57 60 , 57 
58 , 61 58 , R6 
56 . 50 56 , 33 

58 , 02 58 , 23 
58 , 60 58 , 60 
56 , 97 56 , 97 
56 , 85 56 , 94 
56 , 16 56 , 66 

56 . 14 56 , 31 
58 . 14 513 , 14 
58 , 98 58 . 93 
57 , 84 57 , 80 
56 , 96 56 , 63 

0-G.C . 0 - FK3 (Supp . ) 

No. âa No. âa âl 

26374 - , 010 , 21 3529 - , 040 , 69 
26379 , 003 . 55 3530 -, 001 , 17 
26449 -. 027 , 04 35'11 , 018 , 13 
26459 , 029 - , 04 3532 , 023 -, 30 
26475 -. 022 - . 07 3535 , 018 -. ·n 
26484 -, 060 , 08 3536 . 102 , OR 
26490 , 012 - , 36 3537 , 023 -, 52 
26569 , 009 , 18 3540 , 033 , 02 
26604 . 028 , 83 3541 - , 024 , 33 
26653 . 010 , 10 3543 . 018 -, 56 

26669 , 010 -. 09 3544 , 008 -. 19 
26690 - , 020 - , 20 3545 -, 036 -, 57 
26723 , 022 , 12 3546 , 009 -, 40 
26735 - , 095 . 63 3547 , 001 , 36 
26736 - , 060 , 84 3548 , 002 -, 16 

26773 -, 005 , 65 3962 . 155 , 85 
26782 -, 025 , 47 3549 -, 023 , 10 
26785 - , 009 , 09 3550 . 010 -, 21 
26846 -. 016 . 3~ 3554 , 002 -, 03 
26875 , 107 , 52 3555 -. 001 -, 26 

26888 , 046 , 20 3556 . 020 , 38 
27023 - . 120 -, 75 3561 - , 044 , 02 
27048 - , 055 , 75 3563 , 047 -, 04 
27097 -, 010 1.36 3564 , 0 16 -. 32 
27174 -. 137 , 39 35613 -. 019 , 49 

27176 , 043 , 11 3569 , 0 14 , 41 
27203 , 014 -. os 3570 , 016 - , 22 
27206 - . 053 . 16 3571 -, 030 , 19 
27213 , 013 , 36 3572 - , 002 - , 06 
27222 - , 025 - , 10 3573 - . 002 -. 22 

27235 - . 016 , 61 357 4 - . 017 , 39 
27249 - , 065 1 , 07 3575 , 005 , 23 
27292 , 061 , 62 3577 -. 047 -. 85 
27344 -, 009 , 15 3579 , 009 -, 25 
27492 , 003 , 53 35A4 -, 034 -. 17 

27493 . 012 , 39 35A5 , 007 , 24 
27506 -, 021 , 35 3586 -. 008 , 19 
27516 , 012 -, 62 35A7 -, 013 -, 3A 
27529 , 011 , 47 35A8 -, 017 -. 33 
27604 , 020 - . 01 3590 . 002 -, 3 1 

27635 -, 034 , lR 3591 , 017 , 14 
27648 , 025 - , 15 3592 , 028 -, 39 
27649 -. 015 , 50 3593 , 001 -. 17 
27677 , 016 . 01 3594 . 002 , 37 
2768] -. 002 1 , 13 3596 , 004 , 57 

27724 - . 012 - , 5 1 35'l9 - , 010 - , 28 
27796 - , 039 1.53 3603 - . 017 -. 14 
27806 -, 007 , 34 3604 , 043 , 07 
271309 - , Olll , 30 3605 , 067 , 09 
27856 -, 020 , 47 3608 -. 001 , 15 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA RE VERSIB LE MERIDIAN CIRCLE 1964- 1962 

No. , B . D. No. 1 M+sp. 1 R .A . 1950 1001' 1 Decl . 1950 

1 
951 19 4277 5 . 26 KO 20 2 56 . 358 . 17 19 50 47 . 50 
952 47 3004 5 , 9A /1,0 20 2 58 , 943 . 06 48 5 11 . 56 
953 23 3896 5 . 08 A3 20 4 44 , 389 , 07 23 28 9 . 23 
954 61 1970 5 . 57 KO 20 4 45 . 248 1 , 69 61 50 59 , 97 
955 52 2623 5 . 72 F5 20 4 54 , 744 2 , 38 53 1 1.83 

956 73 897 6 . 86 KO 20 5 9 , 911 , 35 73 45 54 , 36 
957 34 3881 6 . 07 R8 20 5 46 , 520 -. 10 34 16 36 . 52 
958 1 0 4189 6 . 23 B5 20 6 15 . 148 -, 06 10 34 43 , 96 
959 42 3642 6 , 25 KZ 20 12 1 . 725 -. 14 43 13 35 , 19 
960 4 4395 6 . 57 G5 2u 13 36 . 751 -. 33 4 25 37 , 23 

961 0 4475 6 . 92 A3 20 16 4 , 000 . 48 0 29 2 , 90 
962 34 3967 5 . 18 F5 20 16 43 . 728 . 01 34 49 3 1. 85 
963 14 4263 6 . 34 G5 20 18 0 , 943 -. os 14 24 36 , 66 
964 68 1121 5 . 99 M3 20 19 53 , 092 . 31 68 43 13 . 42 
965 31 4062 4 . 60 KZ 20 21 5 1. 737 . 29 32 1 39 . 55 

966 20 4559 5 . 80 KO 20 23 27 , 758 . 03 21 14 44 ,1 5 
967 16 4259 6 . 17 KO 20 24 6 , 045 . 06 17 9 2 , 85 
968 7 4477 6 . 26 KO 20 25 41 , 478 . 24 8 16 14 , 35 
969 55 2411 5 , 87 fl9 2ù 28 12 . 118 . oz 55 53 59 . 19 
970 48 3142 4 . 89 R3 20 28 30 , 528 . 00 48 46 57 , 80 

971 42 377M 6 , 41 83 20 31 7 . 789 . 04 43 1 12 . 84 
972 80 659 5 . 62 KO 20 31 28 . u37 1 . 22 81 15 11. 85 
973 51 2895 6 , 26 FÜ 2u 33 22 , 971 -, 04 51 40 5 1. 29 
974 3 4961 5 , 22 K5 20 34 7 , 40H . 02 - 2 43 28 . 35 
975 25 4302 5 , 52 R9 Zù 34 56 , 552 . 01 26 17 12 , 75 

976 0 4064 5 . 39 KO 20 36 51 . 132 , 64 0 18 33 , 83 
977 38 4187 6 . 44 f\9 20 39 7 . 959 -, 01 38 54 12 , 39 
978 59 2272 5 . 95 F5 20 39 14 , 210 . 10 60 19 26 . 45 
979 4 1 3856 5 . 60 RB 20 40 7 . 991 . 09 41 32 13 . 25 
980 66 13 18 5 . 57 A5 20 42 33 . 790 , 38 66 28 31 . 47 

981 24 4229 5 , 13 KZ 20 42 42 . 566 -. 26 25 5 26 . 48 
982 4 7 3 188 5 . 65 KO 20 46 10 , 370 , 07 47 38 48 . 71 
9ti3 7 4556 6 . 23 AO 20 47 2 1. 158 , 13 7 40 37 . 69 
984 43 3739 5 , 07 A5 20 48 18 , 224 1.13 43 52 12 ,5 0 
985 63 1663 6 . 38 RO 20 48 24 , 826 -. 17 63 51 18 . 95 

986 32 3980 5 , 68 Kl 20 51 52 . 229 -,14 33 14 4 8 , 02 
987 13 4572 5 . 39 KO 20 53 14 . 589 , 07 13 31 46 . 80 
988 50 3233 5 . 80 FO 20 54 50 . 128 , 34 50 32 9 . 00 
989 56 2515 6 , 14 R3 20 5 4 56 . 717 , 02 56 '•l 39 , 99 
990 75 764 6 . 21 r,5 20 55 21 . 200 . 97 75 43 57 . 32 

991 18 46 7 5 5 , 96 MO 20 58 10 , 495 -.1 6 19 8 3 ,1 2 
992 58 2201 5 , 75 K2 20 58 1 1. 409 , 52 59 14 33 , 53 
993 35 4357 6 . 08 KO 2ù 59 1 3 . 290 -. 14 35 49 44 , 71 
994 2 5 4 34 6 . 78 F5 21 0 54 . 2 74 . 22 - 1 46 4 1. 94 
995 1 4418 6 . '•2 G5 n 2 13 , 034 , 59 2 4 14 . 79 

996 52 2859 6 . 08 KO 21 2 15 . 866 . 59 53 5 9 . 99 
997 26 4073 6 . 23 KL Zl 4 12 . 862 . zs 26 43 23 . 89 
998 30 4318 5 . 7- F5 21 4 24 . 241 -, 04 30 58 59 . 90 
999 47 3292 4 , 88 K5 21 4 52 . 575 . os 47 26 48 , 34 

1 000 15 4340 6 . 52 KO 21 5 12 •:' 79 , 28 15 27 25 , 68 

100,.' 1 

7 . 9 
• 1 
• 1 

7 , 3 
25 , 7 

2 . 6 
- 1 , 7 
-. 7 

• 5 
- 5 . 5 

1 , 5 
- . 9 

. 7 
3 , 8 
-. 2 

- . 9 
-1 . 6 

1 , 5 
1 . 1 

. 7 

. 7 
1 . 7 
-. 3 
-. 2 
-.7 

-1. 4 
, 8 

lA , 6 
, 5 

3 , 8 

- 1 7 . 8 
- 2 . 8 

1. 4 
13 , 4 
-. 6 

2 , 9 
- 1 . 2 
- 2 . 0 

1 , 0 
4 , 5 

- 5 . 4 
1 . 0 

• 9 
- 1. 3 
-6 . 2 

1. 6 
- 1 . 7 
-. 3 
- .1 

- 5 . 8 

No. 

a I 

8 8 
6 6 
8 6 
8 6 
9 8 

9 9 
7 6 
6 6 

10 9 
9 7 

10 7 
8 6 

10 6 
8 8 
8 6 

10 7 
7 6 
8 6 
7 6 
6 6 

8 7 
11 8 

9 9 
10 6 

9 7 

10 6 
13 7 
10 6 
10 6 
11 7 

7 7 
12 9 

9 8 
9 10 

11 7 

7 7 
11 8 
12 9 
12 7 

8 8 

7 8 
10 7 

9 9 
13 Il 

8 7 

7 6 
8 6 
8 8 
6 6 
6 6 

Epoch 

' a 

59 . 35 59 , 35 
59 . 64 59 . 64 
57 . 73 58 , 44 
59 , 11 58 . 44 
61 , 33 61 , 56 

60 . 67 61 . 43 
58 . 84 59 , 57 
57 . 52 57 . 52 
57 , 41 57 , 62 
56 . 62 56 , 78 

57 . 13 57 . 31 
55 . 75 55 . 83 
57 , 06 57 . 34 
57 . 02 57 , 02 
57 , 14 57 , 32 

55 , 91 55 . 72 
55 . 96 56 . 03 
56 . 39 56 , 65 
58 , 09 57. 99 
59 . 57 59 , 57 

57 , 80 57. 53 
58 , 64 58 . 88 
58 . 4 1 58 . 41 
57 . 77 5R , 35 
57 . 32 57 , 50 

58 , 48 58 . 33 
56 .7 5 57, 11 
56 . 51 56 . 93 
57 .1 7 57 . 50 
56 , 27 56 . 64 

56 . 83 56 . 83 
59 , 29 59 , 82 
58 , 62 59 .1 1 
58 . 33 58 , 27 
58 . 10 58 . 10 

55 . 85 55 . 85 
57 . 58 58 . 17 
57 . 35 57 . 77 
59 . 05 58 . 78 
59 . 11 59 . 11 

59 .1 8 58 . 98 
59 , 43 59 . 20 
59 . 85 59 . 43 
56 . 44 57 . 18 
56 ,1 8 56 . 26 

57 , 27 57 . 36 
58 . 04 58 . 15 
59 . 65 59 . 65 
59 , 55 59 , 55 
59 , 82 59 . A2 

0-G .C. 

N A o. a 

27868 , 015 , 20 
27R69 - , 019 , 15 
27910 - , 003 . 50 
27911 - . 001 . 44 
27912 - . 095 ,04 

27920 - . 158 . ZR 
27938 , OB , R5 
27951 , 008 , 66 
28098 , 045 • 15 
28148 . 036 , 38 

28220 - . 027 - , 28 
28242 - , 03A , 40 
2R28R , 02'3 - . 35 
2A324 - . 089 - . 01 
28378 . 05'3 - . 07 

28418 - , 041 . 34 
28435 - , 016 , 74 
28466 , 003 - . oz 
28531 - . 033 -, 30 
2R537 - . 016 , 11 

28604 - . 039 . 16 
28611 -, 060 . 44 
28667 -, 021 . 10 
28684 . 010 - 1 , 07 
28702 - . 011 -, 0'3 

28761 . oos • 01 
2A830 , 010 , 14 
28832 -. 020 , 40 
28854 - , 051 , 13 
289 19 -, ORO , 06 

2R920 . 005 . 07 
290 1 2 -. 13 1 1 , 13 
29039 , 037 - . os 
29066 - , 019 , 1 1 
29069 -. 035 , 03 

29159 - , 015 -. 03 
29201 , 027 . 16 
2924'3 -. 024 . 3A 
29246 - , 018 - , 15 
29254 -. 110 , 67 

29329 . 020 . 10 
29330 - . OOA . 47 
29350 , 033 - . 36 
29400 - . 041 . 32 
29435 , 016 - . 34 

29438 - . 092 1 , 13 
29491 . 022 . 24 
29502 . 021 , 34 
29519 -. 052 . 35 
29530 . 019 . oo 

273 

0 - FK3 (Supp . ) 

No A a 

3609 , 006 -, 03 
3610 -.012 - , 06 
3611 - . 012 . 57 
3612 . 051 , 41 
3613 - , 031 , 16 

3614 , 088 , 29 
3615 - , 113 , 19 
3616 , 014 - . 32 
3620 - . 082 -. A9 
3623 . 030 - . 14 

3624 , 018 , 77 
3627 - , 007 , "16 
3629 , 049 - , 75 
36"11 -, 010 , 21 
36"13 , 027 . os 

3634 . 002 , 21 
36,5 , 009 . os 
3638 , 016 -, 60 
3640 -. 017 , OB 
364 1 -. 006 . oo 

3644 - , 045 -, 61 
3963 -, 049 . 35 
3646 . oos , 04 
3648 , 003 -, 32 
3649 -. 029 -. 20 

365.1 , 028 -, 24 
3653 -. 027 .6 5 
365 4 , 022 -, 29 
3655 - . 025 -. 19 
3656 , 019 -, 06 

3657 -. 009 . 24 
3662 -. 012 , 14 
3664 . 021 -, 26 
3666 -. 009 , 09 
3667 , 028 -.1 6 

3668 . 002 - .16 
3669 , 038 -, 24 
3670 -, 004 -.1 6 
3671 -, 013 . 21 
3672 -. 010 , 42 

3675 -, 003 , 35 
3676 -. 025 -. 07 
3677 -, 142 -. 78 
3678 - , 014 -. 20 
3681 . 008 , 06 

36A2 - , 037 -, 07 
3686 , 0 19 -. 4 1 
36R7 . 026 -. 09 
361\8 -, 044 - , O'I 
36A9 ,004 -. 15 
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No. , B.D. No. 1 Mttip. 1 R.A . 1950 

1001 6 4754 6.38 K5 21 5 59 . 925 
1002 70 1164 5 . 96 F2 21 6 5 . 934 
1003 67 1288 6 . 80 A2 21 7 o. 91L 
l 004 l:SO 690 6 . 02 A< 21 15 30 . 691 
1005 55 2549 6 . 18 K2 21 15 <+4.442 

1006 10 4516 6 . 32 K5 21 16 26 . 690 
1007 4"1 31'.77 5 . 06 0+ 21 16 35 , 13A 
1008 48 3345 5 . 65 AS 21 17 45.344 
1009 64 1527 5 . 18 R3 21 18 20 . u69 
1010 23 4294 5 , 82 KO 21 18 48 . 620 

1011 13 4692 6.71 R5 21 21 12 . 151 
1012 4 5446 5 .69 KO 21 22 40 . 519 
1013 76 836 6,68 .~O 21 22 50,878 
1014 0 4726 6 . 40 F5 21 23 54 . 622 
1015 15 4416 6 , 78 F8 21 24 45 , 063 

1016 36 4568 5 , 20 R3 21 25 18 . 866 
1017 26 4164 5 , 38 AO 21 25 27 . 705 
1018 31 4462 5 , 74 FO 21 25 59.886 
1019 59 231:13 6 , 44 MO 21 26 2 , 350 
1020 66 1405 5,42 85 21 26 41:1 , 253 

1021 37 4359 4 , 98 Kù 21 32 43 , 815 
1022 61 2169 4 , 87 82 21 36 34 . 681:1 
1023 l 4517 5 , 33 KO 21 37 1 , 044 
1024 42 4177 5 , 35 K5 21 3t! 13 , 159 
1025 54 2595 6 , 16 KO 21 39 3 , 750 

1026 5 4A50 5 , 63 "10 21 39 45,344 
l 027 50 3410 4 . 7A A3 21 40 18 , 9311 
1028 14 4668 6 , 10 GO 21 42 6 , 541 
1029 22 4472 5 , 45 KO n 43 46 , 184 
1030 19 4793 6 , 16 R3 21 47 6 , 567 

1031 83 618 7 , 02 A5 21 47 32 , 649 
1032 40 4648 6 , 49 AD 21 47 37 , 847 
1033 31 4577 7 , 10 K5 21 52 42 , 663 
1034 55 2644 6 , 01 89 21 53 12 , 092 
1035 67 1375 1 . 02 FO 21 53 33 , 591 

1036 ll 4696 5 , 59 A2 21 54 30 , 027 
1037 47 3618 6 , 35 AD 21 55 7,359 
10:;s 79 721 6 , 60 M3 21 55 13 , 295 
1039 62 2007 4 , 9- M2 21 55 14,392 
1040 74 946 6 , 64 K5 21 57 23 , 138 

1041 6 4940 5 , 99 A3 21 57 38 , 013 
1042 52 3083 5 , 66 R5 22 0 0 , 367 
1043 15 4548 6 . 72 AO 22 0 14 , 074 
1044 2 5681 4 , 66 AS 22 0 43 . 687 
1045 28 4284 5 , 58 AD 22 3 18 . 565 

1046 44 4043 5 , 32 KS 22 4 0 . 239 
1047 58 2393 6 , 31 GS 22 5 28 , 281 
1048 20 5093 6 , 40 AL 22 8 8 , 248 
1049 10 4701 5,92 K5 22 8 10 , 107 
1050 50 3602 5 , 44 A2 22 9 13 , 003 

PUBLICATIONS OF THE DOMINION OBSERVA TORY 

Dec l . 1950 100µ' 1 

- • 11 6 47 10 . 90 . o 
-1. 14 71 13 52 . 63 -10 . 8 

. 52 68 3 3.81 1.1 
-.14 81 1 19 . 86 . 2 

, 1 7 55 35 14 . 35 1. 5 

, 21 10 59 30 . 30 1 . 5 
-. 01 43 44 5 . 02 -,9 

. 12 49 17 53 , 59 . 9 

. 06 64 39 34 . 06 . s 
l. 71 23 38 39 . 90 -12 . 6 

-, 09 13 50 6 , 66 -, 7 
-,12 -3 46 19 . 67 -7 , l 
- , 29 76 52 31.59 - 2 . 8 

, 66 0 53 18 . 07 -15 , 3 
-,51 15 54 27 , 32 - 7 , 2 

, 00 36 53 55 . 31 , 3 
, 30 27 23 24 , 60 2 , l 
. 96 32 0 20 . 03 7 , 6 

- . 16 59 31 55 . 01 -1,4 
-,28 66 35 26 , 38 -1. 6 

1 . 02 38 18 32 , 82 9 . 8 
-, 05 61 51 21. 74 -.1 
-.21 2 1 4 . 60 - 8 , 2 

. 50 43 2 46 , 43 1 , 8 
, 06 54 38 39 , 14 - . 2 

, 07 5 27 5 , 14 -.4 
, 02 50 57 39 . 30 • l 

1 , 80 14 32 35 , 61 - 9 , 2 
, 02 22 43 2 , 99 - . 2 

-,1 0 20 13 43 , 73 . o 

4 , 96 83 48 21.85 2 , 7 
-, 07 40 54 53 , 85 -.s 
- , 11 32 6 5 , 43 , 4 
- . 10 56 22 26 , 25 -.2 

, 95 67 30 5 7, 95 l , 2 

-. 23 ll 50 17 , 76 -1. 0 
, 07 48 25 47,39 - 2,2 
, 13 80 4 15 , 48 . o 

-, 04 63 23 13 , 43 ,4 
-, 15 74 45 26 , 59 - , 6 

, 04 6 28 37 , 43 -. 2 
, 03 52 38 26 . 35 , 4 

-, 04 15 44 41,79 -2.7 
, J9 - 2 23 51 , 25 - 1,1 
. 16 28 43 13 , 03 -1. 0 

-, 06 44 46 14 , 28 - 1 ,4 
- , 26 58 35 46,54 - 2 , 1 
-. 16 20 43 53 , 94 -1,l 
- , 22 11 22 42 .79 - 5 , 2 
1 , 43 50 34 33 ,27 4 , 0 

No . 

a & 

11 7 
10 7 

9 8 
7 7 
8 6 

8 7 
8 7 
7 7 
7 6 

10 8 

12 6 
6 6 
7 7 

10 9 
7 7 

8 7 
7 6 
7 7 
7 7 
8 6 

8 8 
7 7 

12 8 
9 7 
7 7 

8 7 
8 6 

10 6 
6 6 
7 6 

7 7 
6 6 
8 6 

12 R 
7 7 

8 7 
8 6 

ll 10 
8 6 
8 8 

10 8 
8 7 
9 8 
9 7 
7 7 

7 6 
9 6 

12 7 
ll 9 

6 7 

Epoch 

a & 

57 . 48 58 . 21 
60 . 25 60 . 07 
60 . 31 60 . 15 
56 . 97 56 . 97 
56 . 30 56 . 67 

57 . 06 57 , 38 
5R . 10 58 . 59 
56 . 44 56 . 44 
56 , 08 56 . 30 
56 , 28 56.57 

56 , 06 56 . 89 
56 . 57 56 . 57 
57 , 86 57 . 86 
58 . 26 58 . 65 
56 , 33 56 , 05 

57 , 56 57 , 84 
59 . 82 60 . 00 
57 , 81 57 , 81 
57 . 97 57 . 97 
58 , 47 59,56 

57 , 33 57 , 33 
57 , 12 57 , 12 
57 . 74 58 . 26 
57 . 59 58 . 13 
56 , 52 56 , 52 

55 . 96 56 , 13 
57.43 58 . 02 
55 , 99 56 , 52 
57 , 65 58 , 49 
55 ,7 3 55,90 

57 ,2 5 57 , 25 
56 , 21 56 , 21 
56 , 86 56 , 72 
58 ,1 0 58 , 45 
56 , 00 56 , 00 

57 , 16 5 7, 24 
57 , 41 57,29 
58 , 53 58 , 51 
58 , 07 58, ,7 
56 , 24 56 , 24 

57 , 09 57 ,1 9 
55 , 59 55 , 58 
57,55 57,41 
56,83 57 , 27 
56 , 26 56 , 26 

56,41 56 , 52 
56 , 06 56 , 07 
56 , 77 57 , 24 
59 . 65 59 , 65 
57 . 12 57 , 19 

0-G.C. 0 - FK3 (Supp.) 

No. .o.a No. .O.a 

29548 . 024 . 48 3692 . 014 -. 02 
29550 - . 054 - . 2"1 36°3 - . 042 -. 40 
29575 - . 290 -. 03 3694 . 011 . 34 
29792 -.150 . 53 3964 -. 171 , 14 
29798 -, 020 . 09 3699 . 008 -, 07 

29821 - , 023 , 45 3700 - , 002 -, 00 
29R23 . 001 - . 01 3701 -, 006 -. 13 
29856 -. 007 , 33 3702 - , 050 • 11 
29R75 - . 005 . 21 3703 , OR4 -. 13 
29884 -. 004 , 45 3704 , 009 , 16 

29947 , 089 , 11 3706 , 030 , 51 
29993 , 014 . 49 3708 - , 012 -, 22 
29998 - . 168 , 46 3709 -. 014 - , 35 
30022 , 015 -, 06 3711 , 014 -. 14 
30035 - , 009 - 1 , 36 3713 , 044 -, lR 

30044 -, 006 , 15 3714 -, 000 , 4R 
3004A . ooo , 76 3715 , 013 , 47 
30063 , 013 . 31 3716 , 011 , 15 
'30065 -. 095 . 21 3717 , 006 . 04 
30081 -, 078 , 10 3711:l -, 051 , 17 

30219 -,034 , 15 3722 -, 015 , 21 
30302 . 001 , 54 3725 , 041 , 43 
30315 , 013 , 52 3729 , 046 , 49 
30338 , 007 .41 3730 -, 013 , 23 
30362 -. 0~7 , 55 37"1 l , 011 -,Ol 

3037A . ooo -. 01 37"12 . ooo -, O"l 
30391 -, 024 , 39 3733 , 013 , lR 
3044, -. 162 - 1 , 10 3737 . 021 , 09 
30479 , 007 , 11 3739 -,Oll -, 27 
30555 , 07 4 , 24 3744 , 030 , 74 

30564 - , 176 , 69 3965 , 234 , 2"1 
30566 , 006 . 01 "1745 -, 050 , 30 
30677 ,025 -, 30 3747 -,003 -, 39 
30691 -, 010 , 30 3749 -,008 , 06 
30699 - , 236 -, 07 3750 , 042 -, 29 

30 71 9 , 055 , 24 3751 , 040 , 23 
30729 -, 046 1 , 0 1 3754 -. ooo -1 , 03 
30730 -, 169 -,02 3755 -,085 . 12 
307'31 -, 075 , 04 3756 -.032 -,20 
30772 -, 040 ,47 3758 , 072 ,39 

30779 , 031 , 80 3759 , 027 ,41 
30828 -,008 , 34 3763 - , 032 ,ll 
30835 , 04 2 1 , 06 3764 , 031 ,43 
30844 , 041 , 02 3765 ,004 -,37 
30899 , 031 -,21 3768 , 006 -, 41 

30919 -, 006 , 49 3769 -,004 , 35 
30955 -, 015 , 25 3770 -,004 -,01 
31025 , 069 , 58 3772 ,028 ,3 1 
31026 -, 083 -,45 3773 , 006 -,42 
310 46 -, 050 , 64 3774 -, 006 -. 10 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No. , B .D . No . 1 Mi6p. 1 R.A. 1950 10011 1 Decl. 1950 

1051 56 2727 5 .42 F8 22 10 0 . 110 2 . 79 56 35 24 . 62 
1052 33 4456 5 . 42 KO 22 10 34 . 845 . 17 34 21 26 .97 
1053 42 4333 5 , 70 AO 22 12 38 , 079 , 46 42 42 19 . 19 
1054 7 4834 6 , 03 AO 2.! 13 30 . 36.:l , 02 8 18 o . 76 
1055 6 5960 5 , 80 c;5 22 14 29 . 923 , OO -5 38 14 . 94 

1056 26 4399 6 , 80 K5 22 15 28 , 326 - , 33 26 41 10 , 17 
1057 75 t!20 6 , 56 AO 22 17 44 , tl76 . 26 76 14 12 , 07 
1058 35 4785 6 . 60 KO 22 20 37 , 069 . 02 36 24 18 . 19 
1059 14 4790 6 . 73 AO 22 21 34 , 101 , 25 15 1 40 , 37 
1060 70 1240 5 , 69 KO 22 24 43 , 118 , 15 70 30 57 , 46 

1061 55 2750 6 , 42 88 22 25 5 , 224 , 26 56 10 41 , 80 
1062 3 4710 4,93 KO 22 25 19 , 620 , 52 4 26 40 , 02 
1063 64 1664 5 , 66 RO 22 25 28 , 478 , 02 64 52. 37,18 
1064 46 3719 4 , 61 KO 22 27 26 , 4 77 , 03 47 27 2 , 01 
1065 42 4420 4,54 f!3 22 28 19 , 472 - , 07 42 51 59 , 70 

1066 3 5460 6 . 29 KO 22 28 43 , 386 -. 15 -3 10 4 , 47 
1067 19 4949 6 , 3 1 FO 22 30 10 , 348 1 , 10 19 58 16 . 50 
1068 39 4671 5 , 60 A3 22 30 13 , 466 , 03 39 31 19 . 63 
1069 15 4670 6 , 36 KO 22 30 20 , 161 . 06 15 36 16 . 34 
1070 61 2314 6 . 51 A2 22 32 5 , 065 , 23 61 31 9,98 

1071 34 4729 6 , 50 K5 22 34 32 , 113 -,J2 35 23 33 , 62 
1072 23 4576 6 , 93 A3 22 35 10 . 231 - , 24 23 44 29 , 47 
1073 3 4745 6 , 90 A3 22 36 17,957 , 32 4 16 11 , 06 
1074 60 731 6 , 90 Ft! 22 39 20 , 340 , 56 81 7 50 , 93 
1075 53 2960 6 , 26 K2 22 40 17 , 725 -, 02 53 36 48 , 71 

1076 57 2595 6 , 51 F5 22 43 5 , 042 -,65 57 53 9 , 05 
l 077 32 4529 7 , 11 A2 22 49 12 , 960 ,27 32 33 0 , 6fl 
107t! 9 5122 5 , 30 F5 22 49 51 , 921 3 , 50 9 34 8 ,90 
1079 16 4831 5 , 72 KO 22 50 34 , 448 -.1 7 16 34 31,45 
1080 59 2595 6 , 32 K2 22 51 3 , 669 . 23 59 Sv 5,44 

1 Ot!l 47 3985 5 , 20 R3 22 54 51 , 518 ,1 3 46 24 59 . 70 
10t!2 3 4799 6 , 43 K2 22 54 59 . 979 , 42 3 32 31 . 17 
1063 38 4904 6 . 07 83 22 55 21 . %8 - . 01 39 2 26 . 12 
10tl4 3 5539 6 , 21 G5 22 55 41,009 -,14 - 2 39 47,60 
!Ot!S 72 1079 6 , 64 KO 22 56 13,608 -, 50 72 51 57,76 

1086 51 351 4 6 , 41 K2 22 56 59 , 954 -,37 52 23 9 , 08 
1067 56 2923 5,46 c;O 22 57 56 , 209 -,06 56 40 36 . 96 
1088 0 4443 6 , 40 KO 22 56 4. 030 . 24 - 0 4 56 .6 2 
10d9 79 759 7 , 26 K2 22 58 17 , 318 1 , 52 60 4 30 , 49 
1090 66 1575 5 , 50 KO 23 l 36 , 002 . 39 66 56 22 . 44 

1091 24 4716 4 , 96 KO 23 4 40 , 352 -,06 25 11 52 ,7 1 
1092 34 4647 6 , 54 KO 23 4 42 , 162 , 42 35 21 56 . 67 
1093 20 5278 5 , 93 A5 23 5 0 , 507 , 79 20 51 51.51 
1(}94 29 4862 7 , 25 A9 23 5 15 , 380 -.21 29 47 1 .1 8 
1095 45 4149 5 , 56 K5 23 5 21 , 691 -.16 46 7 1 , 23 

1096 63 1931 6 , 41 KO 23 5 54 . 936 ,1 1 63 57 6 , 32 
1097 1 4666 5 , 56 G5 23 6 7 . 189 , 93 1 51 19 , 42 
109t! 42 4592 5 , 85 F5 23 6 8 , 169 -1, 80 43 16 31 , 55 
1099 10 4902 5 , 94 KO 23 10 55 . 435 - , 11 10 47 34 , 36 
1100 4 5852 5,55 A2 23 12 59 , 693 -.1 2 -3 46 9 , 72 

10011' 1 No. ... 
12 . 5 9 8 
-4 . 8 9 6 
- 2 , 0 7 6 

, 7 10 7 
2 . 5 9 fi 

. o 6 6 
1 . 4 12 8 
6 . 0 8 6 
- . 8 12 11 
1 , 9 8 7 

, 7 9 7 
-30 , 8 6 6 

• 1 6 6 
- .4 11 10 
-. 2 B B 

-3.1 7 7 
3 , 0 9 6 
-, 3 9 9 

, 9 6 6 
2 , 2 6 9 

. o 6 8 
-,9 10 6 

. o 6 6 
, 9 9 8 
• 1 6 6 

-13,7 6 7 
-1.2 7 6 

4 . 7 10 11 
-2,6 10 6 

1 . 0 11 6 

- . 4 7 6 
4 , 3 10 9 

. 2 7 7 
-.1 6 6 

-3,1 9 7 

2,6 8 6 
, 8 6 6 

1.9 6 6 
4 , 4 8 6 
1,6 7 7 

-3,0 6 7 
, 0 7 6 

-5 . 2 6 8 
-.4 7 6 

-3,0 7 7 

, 3 7 6 
11. 0 10 7 

- 16 , 6 9 6 
,6 11 7 
, 2 10 7 

Epoch .. . 
5fl . 02 58.20 
55 . 45 55.83 
55 , 85 56 , 05 
57.38 57 .95 
58,50 58 . 47 

58 , 35 58 . 35 
57 . 36 57 , 94 
56 . 25 56 . 07 
57 , 98 58 , 27 
58 , 33 58 , 28 

56 , 83 57 , 45 
58 , 31 58 , 31 
59 , 21 59 , 21 
58 , 15 58 , 01 
59 . 23 59 , 23 

57 . 00 57.00 
57 , 58 56 . 04 
56 , 67 58 , 67 
56 , 72 58 , 72 
56 , 94 56 , 91 

56 , 17 56 . 17 
60 , 09 60 . 66 
56 , 35 58 , 35 
56 , 39 56 , 35 
57 , 00 57 , 73 

56 , 31 56 , 25 
55 ,7 5 55 , 56 
56 , 33 56 ,1 9 
56 , 61 59 ,47 
57 .77 56 , 69 

56,14 58 , 56 
59 , 52 59 , 94 
57 . 30 57.03 
60 ,22 60 , 22 
56,93 57 , 56 

56 , 97 57 , 69 
56,04 5fl . 04 
56 . 23 56 , 23 
59 , 65 59 . 65 
56 ,41 56 , 41 

5-6 . 66 56 . 66 
57 ,1 2 57 , 37 
60 ,72 60 . 72 
60 , 56 60 ,56 
61 . 66 61 , 66 

60 , 33 60 , 50 
56 , 65 58 , 69 
57 , 56 57 , 65 
58 , 60 56 , 65 
56 , 62 56 , 43 

0-G.C . 

No. Ao 

31070 - . 020 
31081 - . 031 
31127 -,028 
31139 , 107 
31163 . 004 

31191 . 064 
31227 - . 135 
31287 - . 008 
31309 -.074 
31365 . 048 

31372 - . 079 
31377 . 013 
31380 - . 102 
31426 - . 063 
31449 - . 012 

31462 . !OB 
31466 .031 
31468 - . 017 
31490 . 060 
31519 - . 059 

31568 - . 008 
31562 . 028 
31605 -.Ofll 
31671 , 087 
31690 - , 059 

31755 -. 017 
31679 -.020 
31899 . 011 
31906 . 017 
31922 -. 060 

31996 -. 046 
32002 , 015 
32010 , 047 
32015 . 066 
32025 - , 195 

32039 . 012 
32061 -.005 
32065 . 034 
32070 - . 297 
32142 - . 093 

32201 . 014 
32202 - , 004 
32209 -.039 
32215 ,052 
32216 -,006 

32232 -.002 
3223~ . 010 
32268 -.011 
32331 . 045 
32369 . 031 

275 

0 - FK3 (Supp.) 

No. Ao A• 

. 26 3775 .0 21 -.oo 
, 22 3776 -,030 .14 
,1 7 3778 - , 016 . 06 

- , 58 3780 . 036 . 29 
. 20 3782 ,0 25 , 57 

. 01 3783 .01 2 . 18 
- . 43 3784 - . 017 . 02 
-.59 3787 -.006 -.3fl 
- , 23 3790 -.003 - . 15 
-. 33 3794 . 059 . 18 

, 25 3795 ,032 . 52 
, 79 3796 . 042 , 44 
, 13 3797 ,054 . 16 
, 56 3799 .021 . 42 
. 01 3800 . 021 -.04 

. 29 3R02 .055 - . 03 

. 37 3604 . 022 . 26 

. 07 3605 -.040 . 23 
1 , 07 3606 . 001 -.01 

. 06 3808 , Q50 . 20 

. 13 3812 . 026 -.44 

.1 2 3813 . 001 -.oo 
-.12 3fl15 -. ooo .10 

, 71 3966 -.047 . 54 
. 29 3817 -,006 . 25 

, 63 3622 , 025 . 26 
, 62 3827 -.030 -.10 
. 01 3626 . 006 . 10 
. 14 3629 -.005 . 13 
,14 3fl30 ,032 .os 

, 03 3633 - . 020 -.10 
-.55 3634 -.009 -.46 
-.05 31'115 . 022 . 11 
-,76 3836 , 014 - . 64 

• 52 ?837 .002 -.30 

,4 5 3636 -.026 . 10 
-. 03 3839 .058 ,44 

. 29 3640 .oos .06 
-,24 3641 .116 .03 

, 34 3644 - .0 06 . 21 

- . 11 3846 - . 024 -.46 
,68 ?649 ,005 -.09 
,95 3850 -.015 .2s 

-,49 3851 ,003 .06 
,73 3852 , 013 ,45 

,47 3653 .oso -.25 
,54 3654 -,016 . 42 
.20 3657 -,043 . 14 
,45 3656 .002 .21 

-,43 3660 - . 011 -. 31 
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No. 1 
1 1 1 

100,.' 1 
No. Epoch 0 - G . C. 

âl 1 
0 - FIU(Supp . ) 

B.D. No. M-+Bp. R.A. 1950 1001' Decl. 1950 
No. Cl 1 Cl 1 No . â<I àa âl 

1101 27 4521 6 . 50 c;s 23 13 19 . 487 . 09 27 58 30 .1 0 - . 3 9 9 60 . 04 60 . 04 32375 . OOfl . 11 3861 - . 025 - . 34 
1102 70 1311 5 . 62 A3 23 13 4 1. 370 . 32 70 36 55 . 13 . fi 8 8 58 . 85 59.60 32388 - . 037 . 15 3862 . 068 . 17 
1103 52 3410 5 . 65 FA 23 14 25 . 025 1.23 52 56 37 .29 -23.7 8 7 56 . 52 56 . 79 32409 - . 039 . 43 3863 . 013 -. 02 
1104 74 1016 6 . 44 AL .<3 15 32 . 491 . 56 75 1 33 .48 . 6 12 8 57 . 94 58 . 29 32436 - . 147 . 48 3865 . 031 . 01 
1105 41 4752 5 . 98 KL 2j 17 29 . 224 . 33 41 48 14 .92 1 . 1 8 6 56 . 12 56 . 58 3 2485 . 010 . 33 3870 . 016 . os 

1106 4 4997 5 . 18 KO 23 17 47 . 646 . 51 5 6 29 . 47 -5 . 8 7 6 57.98 58.19 32491 . 020 . 36 3871 . 024 -. 41 
1107 16 4912 6 . 55 FO 23 18 27.149 . 69 16 58 41.55 2 . 4 9 7 56 . 11 56 . 34 32509 - . 056 . 87 3872 . 003 . 17 
1108 20 5317 6 . 22 AO 23 20 10 . 903 , 11 20 33 16.01 - 1 , 6 11 9 57,56 57 , 97 32535 , 014 . 48 3873 . 01 2 -, 25 
1109 59 2710 5 . 93 KS 23 20 18 . 044 . os 59 51 32 .89 -.2 7 6 57.29 57.05 3 2538 - . 062 . 35 3874 -. 010 . 03 
1110 64 lHlO 7.00 KO 23 25 4 . 968 -.12 65 20 47.85 -6 . 9 10 8 57 . 6 4 58 . 24 32636 - . 0 42 ,02 3877 . 019 - . sa 

1111 86 344 5 . 62 FO 23 27 33 . 601 lU . 19 87 1 54 , 54 2 . 0 9 6 58 . 64 59 . 43 32680 - , 608 . 16 3967 - . 450 , OR 
1112 48 4070 6 . 38 K2 23 27 43.884 , 31 48 51 26 .37 - . 3 10 9 57.77 57 . 88 32684 - . 022 . 63 3882 - . 037 . 92 
1113 27 4566 6 . 68 KO 23 29 0 . 989 .1 0 28 23 25 . 29 -1 . 5 fi 6 56 . 35 56 . 73 32710 . 022 . 51 3flR4 , 010 -. 21 
1114 52 3469 7. 02 KO 23 30 12. 448 , 04 53 24 37.06 . 4 8 7 56 . 63 56,61 32743 - . Olfl . 02 3888 . 019 -. '!2 
1115 21 4952 5 . 51 M3 23 30 57 .6 05 . os 22 13 21 . 77 -1.8 7 6 55 . 62 55 . 75 32759 - . 004 . 42 38R9 , 008 -.23 

1116 2 5986 5 . 98 A2 23 31 34 . 676 .68 -1 31 26 .37 - . 7 7 7 57 . 21 57 . 21 32774 -. 009 -. 57 3890 -, 029 -, 60 
1117 32 4667 5 . 74 KO 23 32 9 . 530 - . 04 33 13 14 . 47 2 . 2 8 6 57 . 85 58 . 38 32779 - . 019 . 67 3891 . 004 . 33 
1118 70 1327 6 . 13 KO 23 32 47 . 933 .13 71 21 56 . 26 . s 9 8 58 . 60 58 . 58 32793 - . 052 . 12 3893 , 115 . oo 
1119 23 4769 6 .60 MO 23 33 25 . 488 . 13 24 17 3 . 04 1 , 4 6 6 56 . 41 56 . 41 32814 - . 085 - . os 3894 -. 053 -. 01 
1120 l 4744 5 .6 5 F5 23 33 so .111 -.73 l 49 28 . 50 6 . 2 10 9 57 . 47 57 . 79 32818 . 011 • 11 3895 . 012 -. 19 

112 l 17 4952 5 . 42 ,\0 23 35 25.U99 ,31 18 7 25.06 2 . 0 9 7 98 . 52 58 . 87 32842 .013 . 57 3896 - . 006 , 68 
1122 49 4180 5 . 32 R9 23 36 '+2.407 - . 21 50 11 4 0 . 87 - . 4 7 7 56 . 54 56 . 68 32864 - . 001 . 17 3897 . 010 -. 12 
11~'.:l 73 1047 6 . 08 G5 23 37 9.288 -.17 73 43 32 . 38 1 . 1 7 7 59 . 02 59 . 18 32872 - . 164 . 38 3898 - . 020 . 10 
1124 35 5074 6 . 30 F5 23 38 10.343 1. 91 36 26 35.52 2 . 6 7 6 57 . 44 57.73 32892 . 010 -. 10 3899 , 036 -. 34 
1125 60 2609 6 .54 K2 23 40 7.387 .12 61 24 8 . 21 - . 6 9 8 58 . 20 58 . 36 32930 - . 146 - . 14 3900 . 041 . 32 

1126 15 4872 6 . 51 KO 23 40 11.371 .60 16 3 29 . 27 1 . 4 8 7 57 . 61 57.46 32932 , 032 . 17 3901 . 014 . 16 
1127 9 5268 5 . 39 MO 23 40 49.514 . 01 10 3 14.16 1 . 5 10 8 58 . 01 58 . 57 32945 . 008 . 45 3902 -. 006 . 28 
1128 68 1,93 7 . 03 RB 23 42 35.596 - . 16 69 28 38 . 52 -1 . 1 10 9 57 . 25 57 . 52 32974 - . osa . 45 3907 , 054 -. 40 
1129 2 4709 s . 30 NO n 43 50.119 -. 26 3 12 33 . 44 -1.6 8 7 56,13 56 . 34 32995 . 029 -.23 3908 ,017 -. 23 
1130 57 2804 5 . 09 KO 23 44 36 . 049 .78 58 22 24.30 5.7 7 6 56 . 58 56 . 73 "1'!010 - . 017 , 23 3909 . 051 , 11 

1131 ZR 4649 5.91 A3 23 47 7.2 33 . 47 2fl 33 50 . 54 2 . 7 7 6 56 . 19 56 . 25 33062 -.008 . 14 3913 , 002 -. 07 
1132 35 5110 5 . 91 G5 23 47 9 . 667 -. 0 7 36 8 52 , 68 -5 , 0 9 9 57,74 57,74 33063 , 030 , 45 3914 -. 059 . oa 
1133 39 5174 6 .68 FB 23 48 46 . 466 1 . 86 39 55 17 . 26 -5 . 4 7 6 56 . 49 56 . 77 33093 - . 082 - . 47 3916 .049 -. 87 
1134 2 4725 5 . 85 K2 23 49 24.139 . 06 2 39 8 . 09 - 1 . 1 10 9 58.66 58 . 42 33112 . 012 - . 42 3918 - .020 -, 57 
1135 76 934 6 . 49 F5 23 49 3 1.8 39 a.os 77 19 21.35 - 8 . 8 10 8 57 . 94 57 . 99 33113 - , 099 . 02 3919 , 108 -. 23 

1136 0 4585 5.98 M3 23 52 12 . 973 -.33 - 0 10 7 . 67 - . 7 10 7 58 . 25 59,03 33165 , 014 -. 19 3920 -, 024 -. 21 
1137 41 4902 6.04 F5 23 5 4 30.950 . 02 42 22 47 . 72 - , 4 7 6 56 . 46 56 . 58 33211 - . 005 . 15 3923 - . 081 . 25 
1138 31 5012 6,36 85 23 56 15.906 . 01 32 6 12 . 12 . 3 9 7 59 . 07 59 , 17 33253 - . 031 - , 36 3927 -. 094 -. 17 
1139 58 2685 6 . 37 KO 23 57 58 . 014 - . 98 59 16 54 . 32 - 2.1 8 A 57 . 40 57 . 40 33294 - . 069 . 31 3928 . 070 , 02 
1140 49 4309 6 . 36 KO 23 58 45.403 . 09 49 42 12 . 12 - 1 . 0 8 7 56 . 78 57 . 48 33311 - . 001 . 41 3929 , 047 - , 07 

1141 72 1135 6.52 AO 23 59 4.400 1.65 73 2 ù 1 . 74 , 6 10 8 58,31 58 , 58 33322 - . 052 - . 47 3930 , 055 , 62 
1142 7 5121 5 .78 FO 23 59 56,200 - . 68 8 12 28,12 -4 , 6 8 8 57 , 63 57 , 63 333Al . 021 , 40 3933 , 009 , 02 
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No. [ B.D. No. 1 M-+Sp. R.A. 1950 

l 44 50 8,0 FO 0 13 6,814 
2 44 62 7 , 0 F5 0 17 53 , 219 
:; 44 128 8 , 5 MA V j4 53 . 225 
4 44 162 7. l:i A3 0 43 40 , 212 
5 44 186 I:! ,I:! A5 (J 49 56 , 687 

6 45 237 6 , 2 KO 0 54 49 , 11:!6 
7 44 215 7,0 F5 0 58 27 , 329 
8 44 252 8 , 7 F8 l 7 3 , 205 
9 44 279 7 , 5 K2 l 16 6,724 

10 44 312 8 , l KO l 25 43,179 

11 44 341 6 . 3 AO 1 35 30 ,4 07 
12 44 3n l:i . 1 A5 1 54 49 , ù49 
D 45 523 l:i • l A3 2 (J 0 , 274 
14 44 473 8 , 8 AO 2 19 32 , 509 
15 44 41:!3 7 , 6 G5 2 21 50 , 211 

16 44 512 7.3 G5 2 27 10 , 357 
17 44 551:! 8 , 4 FB 2 38 28 , 570 
11:i 44 569 I:!. 1 FI:! 2 41 28 , 781 
19 45 721 8 , 6 K2 3 8 17,941:i 
20 44 648 6 ,4 MA 3 12 40,005 

21 44 677 7 , 5 Ri:! 3 Hl 4 , 401 
22 44 695 7 , 6 f\B 3 22 11 , 223 
23 44 744 8 , 1 K2 3 31 35 , 559 
24 45 l:!28 I:! . 1 KO j 48 7 , 121 
25 45 836 7,9 KO 3 50 29,510 

26 45 851:! 8 ,6 AD 3 56 23 , 111:! 
27 45 887 7 . 8 c;5 4 7 24 ,4 33 
28 45 921 7,6 AO 4 17 17.963 
29 45 955 7.7 R9 4 30 27 , 484 
30 45 987 7.7 AD 4 44 15 , 229 

31 45 1023 7,8 f\9 4 57 39 , 214 
32 45 1115 8 , 5 AO 5 21 38 , 155 
33 45 lUl 7. I:! FH 5 28 57 , 594 
34 45 1132 7,9 G5 5 29 3 , u28 
35 45 1150 t!. 1 G5 5 35 20,198 

36 45 1178 8,0 F3 5 45 2 , 891 
n 45 1216 6 , 6 AO 5 55 42,1:!69 
38 45 1225 7 , 6 AO 5 57 36,651 
39 45 1235 7 ,2 A2 6 0 51.717 
40 45 1241:! 7 , 3 AD 6 4 37 , 146 

41 45 1289 7 , 4 KO 6 18 3,539 
42 45 1296 d , 0 K5 6 20 52,420 
43 45 1346 8 . 7 c;5 6 40 22 , 187 
44 45 1363 9 , 0 A2 6 50 50,657 
45 45 1380 8,9 AD 6 59 55,064 

46 45 1394 7 , 8 KO 7 7 13 , 694 
47 45 1408 6 ,7 KO 7 11 59 , 668 
48 45 1415 7,6 F2 7 14 24 , C,95 
49 45 1441 d ,l G5 7 27 57 , 568 
50 45 1476 7,6 KO 7 40 45,672 

PUBLICATIONS OF THE DOMIN ION OBSERVA TORY 

1001' 1 Decl. 1950 1001'' 1 

.1 5 45 15 58 , 83 -1. l 
,59 45 13 54 , 77 -. 6 
, 12 45 19 46 , 07 1. 5 

- , 21 45 9 12 , 93 • 5 
- . 35 45 Jù 13 , 19 -1.7 

, 07 45 34 10 . 12 -, 5 
, 96 45 11 0 , 81 -1.5 
,54 45 28 53 , 72 -1 , 5 

- , 02 45 26 35 . 91 1.8 
, 51:! 45 22 31 , 34 , 3 

-. 16 45 8 45.30 , 8 
-. 14 45 21 22 , 66 , 7 

, :.>4 45 32 14 . 34 -, 5 
-,07 45 16 56 , 94 . 4 
- , 23 45 25 22 .41 -7 . 8 

, 05 45 12 36 , 57 -,8 
, 86 45 16 54 , 40 -3. 0 

-. 18 45 23 21 . 61 - 4 , 4 
-,19 45 33 1.95 - 1 , 7 

• 28 45 9 45 , 27 - 3 . 0 

- , 06 45 12 28 , 93 1 . 0 
-,01 45 20 25 , 63 . z 
-,13 45 16 59 , 93 - . 1 
- . 10 45 18 15 . 38 . 3 

, 03 45 21 53 , 78 -2.9 

.14 45 33 25 , 49 -1.2 

.16 45 16 24 , 43 - 4 , 0 

.2 2 45 20 46 . 10 -2.8 

. oo 45 31 54 , 93 - 1.0 
, 07 45 24 5 , 62 -3,3 

- , 09 45 22 25 , 35 -,8 
. 04 45 11 3 . 92 , 2 

- , 06 45 30 7 . 13 -3 , 5 
• 11 45 27 22 . 37 -1. 9 
, 70 45 25 18 , 06 -10,8 

-.02 45 13 17 . 67 - 2 . 2 
-,01 45 37 0 , 35 -1, 6 
-.02 45 9 36,03 -1.1 

, 04 45 35 24 , 90 -5,5 
-.07 45 33 44 , 46 -2, 0 

, 05 45 38 7 , 72 -1.5 
,1 3 45 11 41 , 68 • 3 
, 09 45 24 50 , 52 -3 , 2 

-.12 45 14 50 , 89 -4.1 
-.02 45 30 1. 06 - . 7 

-.12 45 19 47 , 90 -,8 
-,08 45 29 52 , 30 - 2 . 9 
-,08 45 13 12 , 66 - 6 . 9 
- , 08 45 13 6.42 -2 , 3 

,00 45 29 20 . 47 -2.9 

No. 

a d 

6 6 
9 8 
8 7 
6 6 
8 7 

8 R 
10 9 

7 6 
6 7 
8 7 

6 6 
9 9 
7 8 
7 6 
7 7 

9 8 
8 7 
8 7 
7 6 
8 9 

9 R 
6 6 
7 7 
7 7 
7 7 

8 6 
8 8 
8 8 
6 7 
8 8 

8 6 
JO 9 
12 10 

8 8 
8 8 

8 8 
7 7 
5 5 
7 6 

12 9 

6 6 
8 9 
8 8 
7 7 
8 11 

7 6 
6 6 
6 6 
8 8 
8 8 

Epocb 

a d 

57 , 76 57 , 76 
58 , 50 58 , 72 
58 , 35 58 . 15 
56 , 15 56 . 15 
58 . 91 58 , 79 

59 , 86 59 . 86 
57 , 57 57 . 88 
60 . 75 60 , 76 
58 , 43 58 , 91 
58 , 30 58 , 51 

60 , 10 60 . 10 
58 , 38 58.38 
59 , 86 59 . 87 
60 , 09 59 . 82 
57 , 32 57 , 32 

60 . 00 60 . 65 
58 , 44 58 . 67 
58 ,1 5 58 . 63 
58 , 54 58 , 82 
57 . 89 57 . 77 

60 , 18 60 , 36 
60 , 80 60 , 80 
58 , 86 58 , 86 
58.72 58 , 72 
57 . 64 57 , 64 

57 , 78 58 , 34 
58 , 42 58 , 77 
61 , 21 61.21 
57 . 55 57 . 58 
59 , 16 59 , 16 

56 , 70 56 . 90 
57 , 98 51:! , 32 
59 . 15 59 . 95 
61 , 06 61 . 67 
58 . 38 58 . 38 

61.48 61 , 48 
60 , 90 61 , 04 
61.42 61 . 42 
59 . 96 59 . 96 
59 . 16 60 , 18 

59 , 66 59 , 66 
60 . 61 60,34 
61,25 61 , 25 
60 . 34 60 . 34 
60 . 84 61 , 39 

59 , 42 60 , 16 
58 , 50 58,50 
58 , 86 58 , 86 
61 , 69 61 , 69 
58 , 55 SR , 55 

0-G.C. 0 - PZT 

No. Aa No. Aa 

. . 50 -,005 . os 
411 - , 074 -1. 73 62 -.045 , 29 . . 128 - , 007 . 54 . . 162 - , 019 -. 01 . . 186 -. 013 . 01 

1142 -,019 - . 71 237 - , 015 . 01 
1220 -,052 . 22 215 -.011 . 21 . . 252 . 029 , 09 . . 279 -,021 . 28 . . 312 . 046 • l 3 

1977 , 053 -, 83 341 -.030 -. 10 . . 392 . 004 , 07 . 523 . 017 -. 35 . 473 -. 002 ,1 7 . . 483 -.001 . oz 

. 512 , 004 ,26 
558 . 003 . 01 
569 - . 041 . 38 . . 721 -. 015 . 12 

3884 -.143 , 84 648 -. 012 , 25 

. 677 -.007 . 32 . . 695 -. 034 . 24 . . 744 -.008 ,1 5 . . 828 -.009 , 24 . . 836 . 006 -,08 

. . 858 -.004 , 23 
887 - . 009 -. 11 

5241 - , 041 - 1 , 05 921 -.022 .09 
5546 , 026 1,76 955 . 016 , 06 
5822 -.043 -. 02 987 . 030 . 04 

. . 1023 -. 018 . 12 . . 1115 -.0 23 -. 15 . . 1131 -,017 . 10 . . 1132 -. 020 -, 06 . 1150 -.005 -. 18 

1178 -.033 .02 
7534 -.231 , 81 1216 -. 025 -. 15 . . 1225 -.021 . 22 
7672 -.011 . 24 1235 -. 013 .11 
7768 -. 037 -.51 1248 -,017 .oo 

8157 - .1 31 -, 95 1289 -. 003 . 13 . 1296 - . 028 ,1 8 . . 1346 , 013 ,47 . . 1363 -. 053 -.27 . . 1380 -.056 -,41 

. 1394 -.033 -. 10 
9602 -, 078 -. 62 1408 -.013 -. 15 . 1415 -. 020 -.43 . . 1441 . 010 -. 33 . 1476 . 006 -. 38 



RESULTS OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No.1 B.D. No. 1 )Uflp. 1 B.A. 1950 Decl. 1950 

51 45 1496 8 . 0 K2 7 46 58 . 963 . 09 45 28 4 . 50 
52 45 1509 B, l A3 7 53 21 . 659 - . 19 45 35 3 . 33 
53 45 1550 7 . 8 KO tl 8 24 . 259 . 31 45 21 32 . 67 
54 45 1568 tl . l KO 8 19 5 . 873 - . 37 45 3,0 44.88 
55 45 1601 7 . 8 FO 8 30 49 . 157 -.28 45 22 7.49 

56 45 1613 tl . l G5 8 37 33 . ù9tl . oo 45 19 40 . 04 
57 45 1624 tl . l F5 8 40 29 . 361 -.23 45 38 6 . 62 
58 45 1649 6 .1 KO 8 48 48 . 203 -.11 45 30 6 . 24 
59 45 1680 tl , 4 G5 9 3 59 , 564 - . 58 45 2l 42 . 02 
60 45 17 08 6 . 6 KO 9 18 6 . 170 -.01 45 34 59 . 96 

61 45 1762 6 . 8 KO 9 43 31 . 084 , 48 45 20 5 1.43 
62 45 1769 tl . ü F2 9 47 19 , 964 -.7 8 45 19 8 , 23 
63 45 1778 8 . 7 G5 9 52 36 , 891 .1 6 45 25 7.99 
64 46 1566 6 . 5 KO 9 54 48 . ù99 . os 45 39 12 . 66 
65 45 1798 7.5 F2 10 4 2 , 0 76 -. 0 1 45 18 15.83 

66 45 1811 7 . 8 K2 10 11 8 . 528 - . 09 45 20 1.11 
67 45 1814 7.4 f5 10 13 27 , tl25 -.1 3 45 17 34 . 36 
68 45 ltl 19 7 , tl G5 10 14 27 . 3 75 -. 63 45 16 9, 0 2 
69 45 1832 6 . 5 KO 10 25 36 . 207 -.1 9 45 28 5 . 43 
70 46 164 3 8 , 4 K5 10 32 46,lùtl -.22 45 30 56 . 27 

71 46 1671 8. 0 KO 10 49 38 ,77 4 -.71 45 33 11.35 
72 45 111 79 1 . 0 KO 10 56 8 . 846 -.48 45 27 58 . 58 
73 45 1890 9 . 0 G5 11 l 4 0 .6 31 . 09 45 25 37 .45 
74 45 1903 7.5 GO 11 12 20 . ù90 -.48 45 2ù 5.30 
75 46 1717 7 . 9 Ai 11 19 5 , 598 -.56 45 36 24 . 22 

76 45 1924 V.R MS 11 25 6 , 802 -, 07 45 27 38 .83 
77 45 1947 6 . 3 GO 11 36 7,325 -5.62 45 23 6.52 
78 45 1952 7.9 F2 11 37 9,705 .1 5 45 26 1.82 
79 45 2001 a.8 f8 12 8 12.91 0 .3 0 45 27 13. 76 
tlO 46 1791 7.7 A3 12 29 13. 736 -.26 45 30 5.50 

81 46 1802 a.o FO 12 35 10.33'.:l ,15 45 31 41,96 
tl2 46 ltl05 7,1 F2 12 36 10,648 -1,35 45 29 31 ,94 
tl3 46 1847 5,7 KO 13 3 37,450 -,1 8 45 32 7,88 
tl4 45 2096 tl,6 F5 13 12 12,563 -. 02 45 26 41,22 
tl5 45 2104 8, 7 F5 13 17 5,529 -1,31:l 45 21 45,07 

tl6 45 2 lZO tl,3 f5 13 33 51,745 -,44 45 16 12. 71 
tl7 45 2124 tl,0 Ki 13 38 14,772 , 03 45 14 23 .84 
tltl 46 ltl94 tl,9 F5 D 41 17, 14~ , v6 45 35 46.84 
89 45 2131 tl, 6 F5 13 46 33.414 -.35 45 25 6,64 
90 45 2140 8,6 F8 13 55 33,197 -. os 45 23 55,83 

91 45 2148 8,1 KO 13 59 1 0 ,972 ,17 45 31 36,41 
92 45 2178 9,1 G5 14 22 45 . 82'.:l -1.45 45 22 22,13 
93 45 2203 8,4 F8 14 36 54,214 -,07 45 32 45.51 
94 46 1981 7.7 G5 14 39 16.620 -1,10 45 37 44,32 
95 45 2214 6,1:l FO 14 42 38,341 ,52 45 23 47,60 

96 45 2230 tl, 5 F8 14 49 57,384 -,68 45 22 33 ,18 
97 45 2233 7,9 F5 14 52 37 ,598 -.62 45 30 0 ,35 
98 45 2266 tl . 7 G5 15 10 23 , 060 -,86 45 20 56,86 
99 45 2277 7,9 KO 15 16 56,99::l -,39 45 11 52,96 

100 45 2 284 6,2 K2 15 22 23 ,825 -.16 45 26 4tl,70 

100,.• 1 

- 1 . 0 
-1.1 

- . 4 
-7.3 
- 2 , 3 

1 . 5 
- 5 , 2 
- 3 , 4 
-4 . 9 
-3,0 

-13. 0 
-9.l 

- . 9 
-3.4 

- . 6 

. 4 
2 , 3 

-2 . 0 
-2.3 

1.6 

-3.6 
- 3 . 7 
-2.6 
-6.l 
-1.5 

- 2 . 3 
1.4 

-1.4 
-6.5 
-1.4 

1,2 
-3,8 

2,5 
-1.0 
-3,4 

-1,8 
-1.1 
-1,8 

1.0 
.1 

-.8 
3,4 

-1.7 
-19.2 
-2. 0 

6,8 
5,4 

15,4 
,9 

-.3 

No. 
a I 

6 6 
7 7 
7 7 
6 6 
6 8 

7 8 
7 8 
6 6 
7 7 
7 7 

6 7 
8 9 
6 7 
6 6 
6 6 

9 9 
9 9 
7 6 
8 7 
6 6 

10 9 
7 7 
7 7 
6 6 
9 8 

6 6 
6 6 
6 6 
8 8 
7 7 

6 6 
6 6 

13 13 
8 9 
6 6 

6 6 
8 9 
6 8 
6 6 
7 6 

6 6 
7 6 
7 7 
7 7 
7 6 

6 6 
6 6 
6 7 
7 6 
6 6 

Epoch 

a 1 

58 , 18 58 , 18 
60 . 03 60 , 03 
61 . 29 61 . 29 
56 . 00 56 . 02 
58 . 55 57 , 96 

60 ,17 59 . 43 
60 , 01 60 , 28 
58 . 03 58.03 
60 . 58 60 . 58 
57 . 22 57 . 53 

59.42 58 . 81 
58,97 58 . 89 
57.93 57 . 97 
57,28 57,2A 
56 , 60 56 . 60 

56 , 57 56.57 
58 . 44 58 . 44 
61.20 61.51 
59 . 56 59.89 
59 .2 5 59 . 25 

57,66 57,28 
58 .41 58 .41 
58.28 58.28 
57 .11 57.11 
58.84 58 .78 

57.12 57 . 12 
56 .9 8 56 ,98 
56 ,97 56 .97 
57.20 57 .20 
56 . 30 56,30 

59,82 59,82 
57,10 57,10 
57,78 58 ,78 
57,32 57,32 
57.48 57,48 

56,71 56,71 
56,58 56,32 
59,35 59,37 
61,67 61.67 
56.34 56,69 

57,53 57,53 
59, 09 59. 05 
57.98 57 . 98 
57.82 57.82 
56,93 57,37 

57,06 57 ,06 
57.38 57 ,38 
58,22 58.25 
58,24 58,38 
58,74 58,74 

0-G.C. 

No. ,1a 

. . . . . 
11719 -,076 1.2A 

. . . 
12226 . 035 . 61! . . 
121185 - . 050 . 09 

13451 -, 040 . 04 . . . 
13704 -. 018 . 03 . . 

. . . . . . 
14377 -, 010 . o s . . 

. 
15079 -.038 ,13 . . . . . . 
15723 -,104 1 . 53 
15976 -, 026 -.30 
16003 -.061 . 04 . . . . 

. 
17219 ,010 -.13 
17758 -.026 ,13 . . . . 

. . . . . . . . . . 

. . . . . . . . 
19853 -,058 -,34 

. . . . . . . . 
20720 -.002 ,51 
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0-PZT 

No. âo 

1496 -. 038 - . 13 
1509 -. 032 - , 07 
1550 -. 010 , 19 
1568 -, 014 -. 21 
160 l -, 051 -.28 

1613 -.0 24 -. 18 
1624 -. 034 -.40 
1649 -. 020 -. 05 
1680 , 003 ,1 2 
1708 -, 007 -,30 

1762 -, 014 -,33 
1769 -.021 -.22 
1778 . 001 -. 01 
1566 -. 011 -. 05 
1798 . 003 -.os 

1811 .01 0 . os 
1814 -.01 5 .1 2 
1819 -.026 -.21 
1832 -.009 -."Il 
1643 -.002 .14 

1671 -.017 -.19 
1879 -,031 -,20 
1890 -,019 -.31 
1903 -.021 -.24 
1717 -,024 .46 

1924 -,021 -.02 
1947 -.011 -. 11 
1952 -.015 .16 
2001 -.025 -.15 
1791 -.ooa -. lll 

1802 -,027 ,00 
1805 , 003 ,01 
1847 -,017 ,29 
2096 ,003 -,24 
2104 -.024 -,28 

2120 -,017 -,15 
2124 -,038 -.21 
1894 ,006 ,01 
2131 -,028 ,16 
2140 .ooo ,10 

2148 ,007 -. 13 
2178 -.012 -,29 
2203 .011 ,11 
1981 .014 -,18 
2214 ,003 -,14 

2230 -,003 -,32 
2233 ,008 -,43 
2266 -,039 ,35 
2277 ,005 ,1 4 
2284 -.011 .04 
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No. , B.D. No. 1 M-+Sp. R. A . 1950 

101 45 L.ô01 8 . 8 K2 15 34 o . 411 
102 45 2317 7 . 9 FO 15 37 32 . 745 
103 45 2325 8 . 0 G5 15 42 27 . 956 
104 45 2355 8 . 7 F2 15 58 7.369 
105 45 2374 7 . 4 KO 16 6 25 , 426 

106 45 2404 7 , 4 G5 16 23 47 , 729 
1V7 45 2446 tl , 4 G5 16 43 41.726 
108 45 2453 8 . 4 GO 16 47 27 , 440 
109 45 2504 6 , 9 K2 17 10 12 . 150 
110 45 2509 7 . 4 fl3 17 12 0 . 261 

111 45 2521 6 . 6 FO 17 18 23 , 785 
112 45 ô31 8 , 3 KU 17 23 11 . 716 
113 45 2573 7 , 3 GO 17 36 37 , 716 
114 45 2620 tl . 2 G5 17 53 14 . 154 
115 45 2621 8 , 0 AO 17 53 17 , 773 

116 45 2635 6 . 2 R9 17 57 26 , 441 
117 45 2638 5 , 9 K2 17 58 30 . 380 
118 45 2643 7 , 4 R9 17 59 40 , 981 
119 45 2667 8 . ~ FO 18 8 22 , 117 
uo 45 2684 6 , 3 GO 18 14 6 , 177 

121 45 2690 7 . 9 AO 18 16 45 , 231 
122 45 2704 8 . 1 AO 18 21 37 , 319 
123 45 2731 8 , 5 KO 18 29 41. 197 
124 45 2747 8 , ù FO ltl 35 47 . 799 
125 45 d77 6 , 8 FO 18 47 8 , L3:C: 

126 45 2824 8 , 9 F5 19 2 16 , 791 
127 45 2tl65 7 ,3 AO 19 13 56 , 276 
128 45 2877 8 , 6 K 19 18 55 , 964 
129 45 2971 7 , 5 KO 19 44 44 , 947 
130 45 3001 7 . 8 KO 19 52 12 , 060 

Dl 45 3038 7,5 A2 20 0 11.287 
i:,2 45 3066 8 , 1 G5 20 6 32 , 260 
133 44 3414 7 , 5 KL 20 14 58 . 135 
134 44 3429 7 . 0 F5 2u 18 1 1. 253 
135 45 3191 7 . :; 89 2ù 27 9 , 419 

136 45 3n3 6 , 5 R3 2J 37 4 1. 8Uu 
137 45 3275 6 , 7 K5 2J 45 37 . 752 
138 44 3590 7 , 5 AO 20 46 42 . ~79 
139 44 3622 8 . 9 K 2J 51 47 , 539 
140 45 3410 7,3 GO 21 5 5 . 611 

141 45 3438 6 , 7 AO 21 9 27 ,7 69 
142 45 3476 7 , 6 89 21 14 9 ,1 52 
143 44 3825 8 . 5 GO 21 26 15 , 459 
144 44 3840 1 . 0 85 21 2tl 8 , 501 
145 44 3877 V. R MC 21 34 8 , 268 

146 45 3637 6 , 5 MB 21 40 13 . 488 
147 45 3813 6 , 5 G5 n 6 39 . 436 
148 45 3941 7.3 A2 22 24 54 . H95 
149 45 3958 8 , 2 K2 22 27 45 . 260 
150 44 4ltl3 7,9 KO 22 35 36 , 962 

PUBLICATIONS OF THE DOMINION OBSERVATORY 

100µ 1 Decl. 1950 100µ ' 1 

. 15 45 36 45 . 95 -2 . 1 

. 27 45 16 42 . 30 1 . 4 
- . 41 45 2~ 19 . 01 3 , 1 
-. 27 45 35 35 . 49 -.5 
- , 03 45 30 41.85 , 9 

-,64 45 29 26 . 99 1. 7 
- . 28 45 li 37 . 95 - . 5 
- . 33 45 17 13 , 06 - . 7 
- , 01 45 23 1 . 02 -1 , 2 
-.12 45 25 45 , 63 -1 . 1 

-. 36 45 21 24 . 64 8 . 6 
- . 06 45 23 44 . 55 1 . 3 

. oz 45 35 3 . 35 4,7 

. 41 45 33 40 . 04 2 . 2 
- , 07 45 13 27 , 32 , 4 

- . 07 45 28 41 , 02 2 . 5 
- . os 45 30 10 . 11 - 3 . 0 
- . 11 45 21 û , 48 1 , 4 

. oz 45 36 2 1.48 -1, 8 
- , tll 45 11 34 . 62 - 11 , 2 

- , 01 45 8 7 , 59 . 8 
. oo 45 li 34 , 87 3 . 0 
, 33 45 25 10 , 45 . 2 

- , lû 45 37 38 , 80 1, 1 
, 26 45 12 lü , 63 8 , 5 

, 18 45 31 58 . 15 - . 9 
. 10 45 14 47 , 90 - 1 , 0 

- . 07 45 29 59 . 04 . 6 
- , 04 45 36 44 , 82 - . 8 
- , 09 45 20 19 . 36 • 1 

. 28 45 2J 10 , 60 2.3 
- . 12 45 23 48 , 88 - 3 . 3 

, 03 45 11 V, 64 1.6 
. 18 45 12 19 , 90 -2 . 0 
, Oü 45 33 4 , 79 - . 5 

- . 03 45 29 21.19 • 2 
- . oz 45 23 43 . 44 -1 . 8 

. 04 45 15 58 . 32 • 1 
,1 4 45 11 36 , 68 • 1 

- . OR 45 28 25 . 45 -1 . 0 

- , 08 45 28 7 , 33 - . 6 
- , 03 45 31 20 ,27 - . 7 
- . 01 45 21 34 . 47 -3 , 7 
- . o~ 45 16 27 . 04 - . 5 

. 59 45 9 0 . 61 , 9 

-, 07 45 32 13.65 -1 . 7 
-.56 45 29 45 . 74 5 . 1 
- . 25 45 32 3 , 81 - 1. 5 
- . J5 45 29 17,25 . s 
-.1 9 45 8 52 . 88 .s 

No . 

a d 

8 8 
6 6 
6 6 
9 9 
9 8 

10 9 
7 6 
9 10 

10 10 
7 6 

9 9 
9 9 
8 6 
8 9 
7 7 

10 8 
7 7 
9 8 
9 7 

11 11 

13 10 
7 7 
8 6 
7 7 

13 10 

7 7 
9 9 
6 6 

12 10 
9 9 

7 6 
11 7 

6 6 
6 6 
8 7 

9 6 
9 8 
8 6 
7 7 
6 7 

8 8 
10 8 

8 8 
9 9 
8 7 

9 8 
10 8 

8 8 
8 7 
9 7 

Epoch 

a d 

58 . 17 58 . 17 
58 . 42 58 . 42 
58 . 63 58 . 63 
60 . 58 60 . 58 
58 . 98 59 . 30 

58 , 57 59 , 03 
59 , 23 58 . 85 
60 , 38 60 . 08 
61 . 42 6 1.42 
56 . 39 56 . 36 

58 . 22 58 . 22 
57 , 85 57 , 85 
56 , 24 56 . 80 
59 . 05 58 . 76 
60 , 57 60 , 57 

57 . 82 58 . 63 
57 . 70 57 , 70 
55 . 76 55 , 90 
57 . 67 58 , 00 
59 , 55 59 . 55 

58 . 57 58 . 75 
57 , 69 57.69 
57 , 52 57 , 80 
58 . 68 58 . 68 
57 . 99 58 . 40 

57 , 03 57 . 03 
57 , 12 57 , 34 
57 , 79 57 , 79 
57 , 42 57 , 59 
58 , 82 58 , 72 

57 . 08 57 . 16 
59 , 52 60 , A7 
58 . 47 58 . 47 
59 . 63 59 . 63 
58 , 41 58 . 21 

56 . 79 57 . 86 
60 . 14 60 . 83 
59 . 63 60 . 13 
56 , 97 56 . 97 
61 . 31 6 1 . 36 

56 . 63 56 . 63 
56 . 67 57 . 16 
61.85 61 . 85 
58 . 51 58 . 51 
58 , 05 58 . 26 

58 . 4 7 58,44 
57 . 88 58 . 44 
57 , 69 57 , 69 
59 . 21 59 , 29 
60 . 57 60 , 82 

0 - G.C. 0 - P ZT 

No. A a No . Aa Ad 

2307 - . 007 . 05 
2317 . 001 - . o9 
2325 . 003 . 02 . . 2355 , 017 . oo 

21715 - , 016 , 63 2374 . 001 , 07 

2404 , 014 - . 17 . 2446 - , 004 , 12 
2453 - . 028 . 21 

23223 . 014 1. 12 2504 , 005 -. 19 
23262 . 006 . 63 2509 - , 008 , 14 

23433 - . 084 , 43 2521 - . 010 , 28 . 2531 - . 035 . 41 
2573 - . 017 , 60 . 2620 - . 010 , 14 . . 2621 . 002 , 04 

24495 - . 049 , 41 2635 - . 006 . 07 
24518 , 014 , 56 2618 - . 013 , 24 
24549 - . 072 , 52 2643 -, 037 , 08 . . 2667 , 018 , 00 
24937 - . 093 . 26 2684 - . 007 . 13 

. . 2690 -. 020 , 35 . 2704 - . 039 , 31 . 2731 -. 028 , 03 . . 2747 - . 006 , 19 
25807 - . 005 1.14 2777 - , 011 , 29 

. 2824 -, 035 -. 13 
26561 , 037 -. 41 2865 -. 006 -. 19 . . 2877 -. 006 , 14 . . 2971 -, 015 -. 42 

3001 -, 009 . 15 

. . 3038 - , 013 , 41 . . 3066 - . 023 , 63 . . 3414 . 011 -. 15 . 3429 - . 005 , 06 . . 3191 - . 027 -. 07 

28793 - , 042 - . OB 3233 - . 027 -. 29 
28997 - . 026 . 76 3275 - . 019 , 26 . 3590 - . 002 . oo . . 3622 . ooo - . 18 
29526 - . 0 17 -. 24 3410 - , 029 -. 12 

29628 . 090 -. 32 3438 . 019 - . 16 . 3476 . 027 . oo . . 3825 - . 040 . 03 
30119 - . 143 . os 3840 -. 030 . 31 . . 3877 , 009 , 52 

30390 - . 04 1 - . 12 3637 . 004 . os 
30985 - . 116 1 . 07 3813 • 014 . 15 
31370 - . 167 1 . 25 3941 . 020 - . 01 . . 3958 - . 013 . 01 . . 4183 - . 029 -. 10 
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No. 1 100,.' 1 
No. Epoch 0 - G . C . 

â & 1 

0 - PZT 
B.D . No. M-+6p. R.A. 1950 100,. Decl. 1950 

a ' a • No. âa No. âc> â& 

151 45 4002 7 . 1 F8 L2 36 2 . 565 - 1 . 05 45 34 11. 67 -16 . 9 7 6 57 . 34 57 . 76 31599 . 115 . 86 4002 . 008 . 17 
152 44 4209 t1 . 3 Ki 22 41 1 . 647 . 06 45 15 57 . 99 1. 7 9 9 58 . 36 57 . 71 4209 - . 024 . 23 
153 44 4263 8 . 1 KO 22 50 58 . 13tl - . oz 45 25 37 . 34 • 1 7 7 60 . 32 60 . 32 4263 -. 013 . 16 
154 45 4094 tl . 4 F!l 22 53 55 . 346 - . 16 45 3 1 29 . 04 - 3 . 7 7 6 58 . 69 59 . 36 4094 -. 020 - . 31 
155 4 4 4307 7 . 9 KO 22 59 17 . 431 . 26 45 14 27 . 62 2 . 1 8 6 56 . 54 57 . 11 32090 . 053 . 24 4307 - . 007 - . 10 

156 44 4 320 ii . ii F5 23 1 5tl . 63b . 17 45 12 42 . 53 . !:! 6 8 59 . 56 59 . 08 4320 . 016 .1 1 
157 44 4 347 7 . 1 KO 23 8 3 1 . 436 - . 75 45 14 40 . 62 - 27 . 5 7 7 59 . 14 59 . 14 4347 - . 016 . 15 
158 44 4 373 6 . 3 l:l9 23 15 34 . !:115 . 24 45 1 2: 56 . 60 - . 9 6 6 57 . 26 57 . 26 32437 - . 056 . 44 4373 . 008 .1 4 
1 59 44 4 424 7 . 9 KO 23 26 3 . 175 . ù2 45 25 4 . 34 -.4 6 6 58 . 76 58 . 76 4424 - . 014 . 48 
160 4 4 4 464 7 . t1 A2 23 3o 53 . 591:S - . 06 45 26 34 . 99 - . 9 6 6 60 . 25 60 . 25 4464 . 048 . 23 





Part IV 
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No . , B.D . No . 1 M-+6p . R. A. 1950 

l 6~ 2356 6 . 26 Bl 0 u 50 . 742 
2 62 2363 7.36 B 0 3 26.87L 
3 58 11 6.70 R3 0 7 56 . 261 
4 76 5 6 . 23 R9 0 D 21.546 
5 50 72 8.3 K 0 23 36 . 660 

6 63 81 7,40 R5 0 39 51.531 
7 62 160 7.06 83 0 48 23 . 038 
8 62 175 7 . 7 R2 ù 55 20 . 029 
9 60 188 7 , 26 R3 1 1 0 52 . 755 

10 59 260 7 . 26 R5 1 26 33 . 891 

11 62 259 7 , 46 RO 1 27 53 . 760 
12 59 271 7 , 26 R3 1 29 54 . 198 
13 63 274 5 . 62 R5 1 59 16 . 495 
14 57 494 5 . 90 A2 2 5 9 . 924 
15 56 438 6 . 36 R3 2 7 59 . 125 

16 57 519 6,50 AO 2 10 8 , 640 
17 57 526 7 . 8 AO 2 12 25 , 423 
18 56 471 6 . 42 Rl 2 13 20 , 901 
19 63 315 7 . 05 R5 2 14 52 , 867 
20 56 222 6 , 66 RO 2 15 32 . 610 

21 56 530 6 . 66 RO 2 15 41.998 
22 55 588 6 . 84 B9 2 17 13 , 155 
23 56 568 6 . 54 A? 2 18 22 , 314 
24 56 591 7 . 46 AO 2 19 20 , 034 
25 56 593 6 , 95 fl8 2 19 26 . 586 

26 55 612 6 . 24 fl< 2 21 43 , 137 
27 57 568 7 , 32 Rl 2 23 9 , 783 
28 57 576 7 . 30 A2 2 26 21.082 
29 57 582 7 , 20 R3 2 28 15 , 518 
30 60 502 7 , 8 R 2 28 54,ù62 

31 60 504 a . o R 2 29 1,136 
32 59 535 7 . 3 R9 2 40 5 , 636 
33 2 44 3,58 A2 2 40 42 , 283 
34 57 632 1 . 2 R2 2 43 8 . 216 
35 57 634 1:1 . 1 B~ 2 43 4U , 987 

36 59 552 7 . 11 BO 2 47 15 . 362 
37 63 367 7 , 78 R 2 51 13 . 002 
38 61 525 6 . 54 BO 3 4 47 . 818 
39 29 566 7 , 06 R3 3 25 42 . 237 
40 58 607 4,76 AO 3 25 54 . 146 

41 56 824 6,79 RO 3 33 48 . 330 
42 33 698 5 . 04 R2 3 39 12 . 04(:S 
43 33 704 7 . 9 A3 3 40 13, 084 
44 31 66 3 , 94 Bl 3 41 10 . 581 
45 31 643 8 , 4 A5 3 41 25 . 799 

46 31 649 6 , 51 R3 3 43 32 . u90 
47 33 717 6 . 36 A3 3 44 41.950 
41:l 52 714 6.76 RO 3 45 40,707 
49 33 728 5. 73 Fl3 :; 48 41.497 
50 33 730 7 , 49 R3 3 49 6,877 

PUBLICATIONS OF THE DOM INION OBSERVA TORY 

100 ... Decl. 1950 

63 d 44 . 19 
- . 21 63 24 5 . 10 

• 11 59 23 43.73 
. 43 76 4 0 23 . 62 
. 51 0 13 . 58 

64 1 3 . 73 
- . 45 63 30 34 . 40 . 63 26 37 . 92 
- , 5ü 60 37 7 . 24 . 59 59 36 . 44 

. 25 63 5 25 . 26 
- . 12 60 25 48 . 68 

, 09 64 8 59 . 39 
- . 13 58 11 13 . 02 
- . 15 57 24 38 , 30 

- . 14 58 19 37 . 83 . 58 3 42 , 50 
. 02 56 49 26 . 27 
. os 64 11 41.51 

- . 01 56 54 20 , 88 

. 05 56 56 22 . 03 
- . 17 55 40 49 . 60 
- . 05 57 0 54 . 35 . 57 1 4 . 91 

. 03 57 9 35 . 98 

- . oz 56 23 3 , 58 
- . 40 57 27 17 . 06 

, 33 57 35 54 , 96 
- . 53 57 28 37 , 28 . 61 14 8 , 57 

. 61 9 29 , 69 . 59 36 39 . 79 
- . 95 3 1 32 . 63 . 57 31 28 . 58 . 57 28 5 . 79 

. 25 6û 12 43 . 03 
, 05 63 57 ltl . 03 

- . 26 62 11 38 . 07 
- , 13 30 12 12 . 19 

• 11 58 42 26 . 64 

- . 22 56 34 32 . 22 
- . 01 33 4 8 22.37 

33 57 30 . 23 
. 07 32 7 53 . 41 
. 02 32 u 22 . 90 

- . 05 3,: 8 8 , 91 
- . 02 33 26 47 . 77 
- . 03 52 30 12 . 25 

, 06 34 lL 35 . 57 
34 4 23 . 94 

100.,.' 1 

1.8 
- . 2 

. 5 . 

- . 3 

3 . 0 

. 9 
-3 . 2 

• 1 
. 7 
. 9 

2 . 4 . 
• 1 
. o 

-. 4 

. 7 
- . 3 
-. 7 

• 1 

1 . 1 
- 1 . 0 

1.0 
-. 4 . 
. . 

-14 . 7 . 

-2 . 7 
2 . 1 

- 2 . 3 
- . 5 

. 2 

, 6 
- 1.0 . 

- . 9 
-. 9 

-2 . 5 
- . 3 

• 5 
- . 7 . 

No. 

Cl I 

9 8 
6 6 
6 6 

13 13 
9 9 

7 7 
8 8 
7 7 
8 6 
6 6 

8 8 
7 8 
8 8 
7 7 
6 6 

7 8 
9 10 
9 9 

10 9 
6 7 

6 6 
9 10 
6 7 
9 8 
8 10 

6 6 
10 9 

9 A 
8 8 
8 8 

9 8 
8 8 

13 13 
7 7 
6 6 

8 7 
6 6 
8 8 

10 9 
9 8 

7 7 
10 9 

7 7 
11 12 

6 6 

6 7 
8 7 
8 8 
8 6 
7 7 

Epoch 

Cl J 

59 . 78 59 . 88 
59 . 75 59 . 75 
57 . 58 57 . 58 
59 . 61 59 . 61 
57 . 87 57 . 87 

59 . 04 59 . 04 
58 , 29 58 . 29 
59 . 91 5'h-9--l 
57 . 29 57 , 12 
58 , 5 7 58 , 57 

60 . 02 60 . 02 
57 . 67 57 . 45 
58 . 55 58 . 55 
58 . 79 58 . 79 
58 . 96 58 , 96 

59 , 96 59 , 96 
59 . 60 59 . 41 
59 . 34 59 , 55 
61 . 22 61 , 16 
6 1. 07 60 . 59 

59 . 76 59 , 76 
58 .1 1 58 . 29 
57 , 98 57 . 94 
59 , 09 59 , 12 
60 . 48 60 , 74 

57 . 18 57 . 18 
59 , 89 60 . 21 
60 . 26 60 . 44 
59 , 77 59 . 77 
6 1. 57 61 . 57 

6 1. 04 60 , 95 
61.06 60 , 55 
61 . 60 62 , 06 
57 . 96 57 . 96 
58 . 75 58 . 75 

58 . 82 58 . 82 
57 . 81 57 . 41.l 
60 . 17 60 . 17 
60 . 62 6:J . 58 
59 . 90 60 . 28 

57 , 54 57 , 53 
59 . 44 59 , 73 
57 . 84 57 , 84 
61. 78 61 . 86 
60 . 39 60 . 39 

57 . 79 57 , 79 
60 . 05 59 . 81 
60 . 26 60 . 26 
57 . 23 57 . 32 
60 . 18 60 . 18 

0-G.C . 0 - FK3 

No . â,a No. 

. . . 
85 . 027 - 1 . 17 . . 

177 -. 039 . 87 . 
303 -. 120 . 44 8 -. 028 . 18 . . . . 

. . 
1017 , 149 , 63 . . . . . 
1472 , 169 - 1 . 03 . . . . . . 
1825 - . 241 - . 20 . . 
1865 . 015 1.90 . . 
2451 -. 110 . 41 . . 
2549 . 041 - . os . . 
2604 . 012 -, 45 . . 
2648 , 035 - 1 , 18 . . . . . . 
2 721 -. 044 , 24 . . 
2760 -. 082 , 54 . . 
2772 -. 056 , 67 . . 
2774 -, 047 -,4 2 . . 
2800 , 057 .2 5 . . 
2822 -. 009 , 73 . . . . . . 
2848 -. 063 . 22 . . 
2885 . 010 -, 58 . . 
2925 , 184 , 56 . . 
2973 -, 230 -. 39 . . 
3014 . 202 1 . 01 . . . . . 

. . . . . . 
3276 -. 019 . 33 96 -. 006 . 28 . . . . . . . 
3398 -. llR 1. 54 . . 
3477 -. 029 - 1 . 14 . 
3731 . 091 1. 90 . . 
4131 . 055 -. os . . 
4140 -. 089 . 25 . . 
4300 , 074 - . 04 . . 
4420 , 043 . 22 . . . . . 
4461 - . 054 . 34 132 -. 028 . os 
4465 -. 008 , 24 . . 
4516 . 029 1.03 . . 
4548 -. 023 -. 11 . . 
4571 . 045 - . 37 . . 
4649 - . 059 • 13 . . . . 



RESULTSOF OBSERVATIONS MADE WITH THE OTTAWA REVERSIB LE MERIDIAN CIRCLE 1964-1962 285 

No. , B.D. No . 1 M.sp. 1 B . A. 1950 Decl . 1950 100,.• 1 
No . 

Cl ' 

Epoch 

Cl ' 

0 - G. C . 

No. â a 

O - FK3 

No . 

1 51 
48 1019 7 , 02 R3 3 51 45 , 694 , 25 48 53 41, 14 1 , 4 7 7 59 , 41 59 , 41 4704 - , 133 -1,28 . . 

52 52 726 6 , 70 os 3 51 50 , 306 , 14 52 29 44 , 17 - , 9 6 6 6 0 , 67 60 . 67 4708 - . 108 . 51 . . 
53 ,o 591 6 . 2 RO 3 52 15 , 157 - . 07 30 54 0 . 82 -.7 6 7 SA , 59 58 , 78 472 0 , 004 ,20 . . 
54 60 84 5 , 22 * 3 52 51 . 357 - , 06 60 57 52 , 79 -1 . 2 13 13 61.36 61 , 36 4727 - . 049 - , 16 145 .008 - . 06 
55 34 768 5 , 48 R3 3 53 14 , 917 , 08 34 56 11 , 34 - , 1 7 7 61 , 00 61 , 00 4734 - .056 . 13 . . 
56 32 714 6 , 70 R3 4 1 32 , 142 . 16 32 26 7 . 29 - 1 . 7 9 9 60 . 43 60.43 4A91 - , 080 , 43 . . 
57 61 669 6 , 75 1:12 4 1 44 , 297 -. 06 61 58 0 , 41 . 2 7 7 59 , 25 59 . 25 4898 , 000 -.42 . . 
St! 61 676 7 , 04 RO 4 3 26 , 0 97 - . 26 62 11 49 , 35 - . 8 9 8 61.35 61.30 4932 , 182 , 85 . . 
59 31 703 6 , 87 A3 4 3 28 , 249 - , 03 32 15 4 , 93 -. 2 9 7 57 , 52 57 , 92 4933 , 053 , 20 . . 
60 33 785 6 . 61 83 4 3 43 , 445 . 13 33 18 46 , 45 - . 6 6 6 59 , 87 59,87 4943 - , 061 , 11 . 
61 -13 893 5 , 50 1:13 4 26 47 , 474 , 02 - 13 9 25 . 87 - . 4 8 8 60 , 75 60 , 75 5458 - , 044 , 39 . . 
62 18 661 7 , 2 r,o 4 34 20 , 177 -, 1 0 l!l 26 34 , 64 - , 7 7 7 59 , 56 59 . 56 5621 , 007 -, 36 . . 
63 36 937 7 , 95 FO 4 44 25 , 360 36 38 4 , 18 6 7 61.00 60 . 71 . . 
64 35 9j0 6 , 18 RL 4 52 59 , 521 -. 12 36 5 25 , 28 1, 1 6 6 58 , 48 58 . 48 6011 , 035 - . 56 . . 
65 -14 1003 5 , 87 A3 4 55 27,315 , 06 -14 18 28 , 34 1 , 3 6 6 58,50 58 , 50 6055 - , 046 -1. 38 . . 
66 34 980 5 , 81 RO 5 12 59 , 772 ,10 34 15 25 , 68 2 , 7 9 9 60 , 03 60 , 03 6429 - , 083 , 92 . . 
67 37 1146 6 . 71 os 5 17 19 , 029 - , 06 37 23 21 , 32 -1.2 7 7 60 , 25 60 . 25 6532 -, 028 , 81 . . 
68 37 1160 7 , 39 (:10 5 19 10 . 665 37 37 43 , 31 . 7 6 60 , 94 60 , 80 . . . 
69 3 t!71 4 , 99 R3 ~ 20 12 . 22t! - , 02 3 29 52 , 67 - . 1 7 7 60 , 21 60 . 21 6607 , 025 , 28 . . 
70 -2 1235 3 , 44 Rl 5 21 57 , 673 , 00 -2 26 29 , 78 . 2 11 12 60 , 62 60 . 42 6655 -, 063 -.37 200 - .001 -, 28 

71 20 948 6 . 83 A2 5 22 11 , 875 . oo 20 32 23 . 32 - , 1 7 7 59 . 5 1 59 . 51 6664 - . oso - . 13 . . 
72 30 898 5 . 72 A9 5 23 56 , 097 , 10 30 10 1 . 02 -1.2 7 8 58 . 64 58 . 32 6703 - . 091 . 15 . . 
73 33 1049 7 , 50 Al 5 24 27 , 703 . 33 54 17 , 44 7 7 60 . 13 60 , 13 . . . . 
74 35 1137 6 , 71 AS 5 26 21.948 , 01 35 20 10 , 80 - . 7 8 8 59 , 36 59 , 36 6767 -, 029 • 11 . . 
75 - 7 1106 4 , 64 R3 5 29 30 , 624 - , 01 - 7 20 13 , 22 - , 4 7 8 59 , 85 59 , 64 6850 - . 013 - , 37 . . 
76 -1 935 5 . 30 A2 5 30 9 , 465 -. 01 -1 37 35 . 27 - . 8 6 7 60 , 39 60 . 50 6863 -.019 , 40 . . 
77 -1 943 5 , 4 R2 5 30 59 , 082 - , 03 -1 11 22 . 46 . 2 9 8 61,34 61 , 29 6884 . 003 .47 . . 
78 9 879 3 , 66 05 5 32 22 . 922 . 01 9 54 8 . 53 - . 6 8 8 61.30 61 , 30 6915 - . 022 . 32 . . 
79 -6 1234 4 , 67 Rl ~ 32 35 , 944 , J3 -6 2 1.67 , 4 9 9 61 , 94 61.94 6926 -.027 - , 23 . . 
80 -5 1315 5 , 36 os 5 32 48 , 982 , 02 -5 25 16 , 07 , 3 6 6 61 , 62 61 , 62 6931 - , 046 , 04 . . 
81 - 4 1183 6 , 54 80 5 n 53 , 366 -, 08 -4 31 32 , 13 3 , 1 7 6 61.91 61 , 94 6932 , 039 - 1 , 65 . . 
li2 - 4 1185 4 , 65 83 5 32 55 , û53 . 02 -4 52 10,73 • 1 7 9 62 , 29 62 , 22 6934 -, 034 - , 06 . . 
83 -5 1319 5 . 17 Al 5 32 55 , 470 . oo -5 26 51 . 03 , 6 10 11 60 , 59 60,64 6935 - , 010 - , 44 . . 
84 -6 1262 5 , 75 FI 1 5 35 0 , 530 , 09 -5 58 2 . 09 . 4 7 7 58 , 65 58 , 65 6994 -. 062 - , 52 . . 
85 -2 1326 3 , 78 RO 5 36 14 , 046 - . 01 -2 37 38 . 34 . 2 12 11 61 . 29 61 . 25 7031 - . 031 -.os 213 - . 006 . os 

86 - 2 1338 2 . 05 1:10 5 38 14 , 058 , 00 -1 58 2 , 76 -. 1 14 13 60 , 42 60 . 01 7089 - . 023 . 24 1631 . 010 , lA 
87 25 941 6 , 86 82 5 40 33 , 644 - . 12 25 25 4 , 15 . 8 9 11 58 , 88 58 . 56 7152 . 018 - , 81 . 
88 24 1033 6 . 03 F\3 5 53 52 . 299 . os 24 14 38 , 87 -. 2 6 6 60 . 28 60 , 28 7483 - . o,s - . 11 . . 
89 25 1052 4 , 90 A2 5 54 53 , 373 , 03 25 56 58 , 47 - , 3 6 6 60 , 02 60 . 02 7507 - , 087 - . 06 . . 
90 37 138 2 , 71 AO 5 56 18 , 635 , 40 37 12 39 . 31 -8 , 3 11 10 62 , 25 62 . 19 7557 - . 076 ,28 228 -, 038 • 32 

91 20 1233 4 , 71 F\2 6 0 56 , 908 , 04 20 8 29 , 11 -.8 8 8 59 , 63 60 , 02 7675 -,085 . 28 . . 
92 21 1120 R, O H2 6 4 38 , 343 -, 09 21 52 so . 20 - . 9 9 9 60 , 88 60 . 88 7769 , 040 , 36 . . 
93 23 1226 5 , 76 Al 6 6 41 , 763 , 08 23 7 24 , 76 - , 4 7 6 57 . 67 57 . 93 7827 -,050 , 42 . 
'l4 22 125 V, R MO 6 11 51.453 -, 48 22 31 23 . 15 -1 . 3 14 13 59 . 47 59 , 98 7969 - , 040 • 07 236 - . 010 -.04 
95 23 1275 6 . 26 F\2 6 13 55 , 629 . 04 23 45 34 . 51 - . 4 7 7 60 . 93 60 , 93 8039 - . 045 -.25 . . 
96 23 1300 7 , 03 (:10 6 16 16 , 630 , 04 23 29 27.55 - . 9 8 7 60 . 78 60,76 8104 - . 041 , 34 . . 
97 -11 1460 5 , 49 R2 6 19 4 , 836 -.07 -11 44 55 , 63 -.s 6 6 59 . 30 59 , 30 Al86 , 006 -.os . . 
9t! 7 1273 5 , 8 G5 6 22 30 , 970 , 1 2 7 6 52 , 82 • 3 8 8 62 , 15 62 . 15 8291 -.102 -,39 . . 
99 30 1238 s . o GO 6 25 21 . 221 , û4 30 31 32 , 62 -1 . 6 7 7 59 , 54 59 , 54 8371 -,069 -,30 . . 

100 5 1283 6,80 A2 6 29 16 , 038 . 04 4 St! 47 . 29 , 4 7 7 59 , 09 59 , 09 8477 -,067 -.76 . . 



286 P UBLICA TIONS OF THE DOMINION OBSERVATOR Y 

No. , B.D . No . , .. ~ . 1 R .A . 1950 100 .. l Decl. 1950 100,-•] No . 
a I 

Epoch 

a I 

0-G.C. 

No . ,1a 

O -FK3 

No. àa àl 

10 1 4 } 302 7 . 14 Fl2 6 29 29 . 957 - , 13 4 51 39 . 25 - 1 , 7 8 9 6 1. 71 6 1 . 4 0 84 89 . 03 1 1 . 13 . . 
102 15 1 246 6 . 7 c;5 6 32 5 . 555 . 08 15 22 15 . 46 - . 1 8 9 61 , 47 61 . 54 856 0 - . 042 - . 84 . . 
103 10 1193 8 . 1 82 6 33 23 . 972 . 10 1 9 36 , 9 1 . 6 7 6 0 .59 60 .77 . . . 
104 6 1 309 6 . 06 RO 6 34 43 . 2 0 2 , 04 6 10 44 . 19 - . 3 7 7 59 . 70 59 . 70 8631 -. 041 . 14 . . 
10 5 5 1 334 6 . 16 Fll 6 35 13 . 2 04 - . 03 5 u 2 . 97 1 , 8 6 6 6 1 . 51 61 . 50 8 651 -. 047 - 1 . 41 . . 
10 6 1 1443 6 , 13 BO 6 36 2 . 578 -. 05 1 39 3 1 . 2 1 - . 5 6 6 59 . 69 59 . 69 8671 . 012 - . 09 . . 
10 7 10 122 4 , 68 05 6 38 13 ,4 15 - , 01 9 56 36.65 - . 7 11 11 61 . 22 61.22 872 0 -. 047 - . 4 1 253 - . 011 -, 29 
l v tl 6 1351 6 . 20 B2 é 39 l B, 147 . 07 6 23 39 ,96 - , 8 6 6 58 , 18 58 . 18 8747 -. 061 , 55 . . 
109 17 13 57 5 , 14 AO 6 39 29 . 627 , 0 6 17 4 1 44 , 48 -9 , 1 7 9 6 0 , 69 60 , 75 8755 -. 032 . 16 . . 
110 4 1414 5 . 78 FlO 6 41 0 , 355 , 04 3 59 0 ,60 - . 6 9 7 59 . 97 59 , 83 87 90 - , 072 -. 02 . . 
111 l 1531 6 , 06 P.3 6 4 6 28 ,7 52 , 04 1 3 34 . 82 - , 4 6 6 60 , 40 60 . 40 8916 - . 056 , 05 . . 
112 58 100 4 , 54 GO 6 52 57 . 124 - , 08 58 29 25 . 52 - 13 , 7 11 12 61 . 78 62 . 07 9082 - . 086 . 15 265 , 012 , 28 
113 - 10 184!:! 7 , 32 BO 7 2 3 , 60 1 - 10 22 4 3 . 21 . 9 8 59 . 31 59 . 33 . . . . 
114 - 11 1790 5 . 28 Fl3 7 4 19 . 80 4 - . 09 -11 12 5 5 . 99 - . 6 9 8 59 . 30 59 , 34 9389 . 014 . 50 . . 
115 61 938 6 , 73 KO 7 5 9 , 537 -. 09 60 52 23 . 71 -5 . 1 8 9 60 .1 5 60 . 37 9411 - . 001 -, 04 . . 
116 -10 lt:!92 6 . 20 05 7 6 58 , 136 , 02 -1 0 15 54 , 03 - 2 . 1 8 6 59 ,1 9 59 . 57 9459 -, 043 1 , 91 . . 
117 - 10 19:U 5 , 99 Fll 7 12 5 . 997 - . 04 - 10 13 43 . 67 -1 . 2 8 8 61 . 17 61 . 17 9605 -. 037 . 59 . . 
11 8 -8 1R72 6 , 17 Fl5 7 19 38 . 117 , 0 3 -8 53 0 , 66 2 , 0 6 6 60 . 0 1 60 . 01 9823 - . 022 -. 92 . . 
119 - 14 1966 6 . 24 85 7 3 1 4, 075 - . os -14 1 3 45,1 0 -. 6 7 8 57 . 92 57 . 95 10113 . 012 . 64 . . 
120 - 13 2267 5 , 34 GO 7 49 2 7 . 276 - . 4 5 -13 45 54 . 89 - 34 ,4 11 1 0 60 . 95 61 . 64 10629 -. 047 -. 31 298 -. 003 -. 09 

121 6 209 3 ,48 FB 8 44 7 , 578 -1 . 30 6 36 11 . 95 -5 , 4 10 10 6 0 . 76 60 ,76 12102 - . 064 . 15 329 - . 035 , 12 
122 28 1660 6 . 06 KO 8 49 37 . 0 19 - 3 . 65 28 3 1 20 , 99 - 2 4 , 0 9 8 58 . 91 59 . 51 12244 -, 053 , 19 . . 
123 31 197 5 , 60 KO 8 5 1 11 , 9 32 . 28 3 0 4 6 11. 56 - 2 . 4 10 1 0 59 . 25 59 . 24 12289 -, 031 -. 48 333 , 017 -. 55 
124 67 64 4 , tl 7 Ft! 9 6 1 . 210 - , 44 67 20 19 , 52 -7 , 8 9 7 62 . 23 62 , 26 12619 -, 299 -. 51 344 , 187 - 1 , 15 
125 37 201 3 . 8 2 A"- 9 1 5 44 . 293 - , 26 37 0 54 , 22 - 12 , 9 16 15 59 , 38 59 , 86 12830 - , 049 -, 02 349 -, 017 , 02 

126 20 253 2, 61 KO 10 17 13 . 32 7 2 , 1 7 20 5 41 . 06 - 15 , 4 11 12 60 , 85 60 , 95 14177 - . 053 . oo 1632 -, 025 , 15 
127 14 2367 5 ,4 t! KO 11 13 1 5 , ù07 -, ù5 13 34 49 . 9 5 -1. 5 7 7 57 , 29 57 , 29 15487 -, 015 -. 01 . 
12!:! 11 24 2 4 , 03 F5 11 21 19 , 26 0 1 , 13 10 48 17 , 77 -7 . 9 15 13 57 . 79 57 , 46 15652 , 018 1 , 01 430 , 044 , 81 
129 - 0 2 601 3 , 65 FO 12 3 9 6 , 96 1 - 3 . 7 8 -1 10 30 , 17 . 8 9 10 58 , 64 59 , 70 1727 0 -. 175 1 , 72 477 -, 167 1 , 34 
130 -17 39 18 7 . 5 BO 13 41 4 8 , 23 7 . - 17 41 10 . 96 8 6 58 . 82 59 , 66 . . . . 
131 14 2 77 3 , 86 Al. 14 38 4 5 , 5 76 . 36 13 56 30 , 83 -2 . 0 12 11 58 , 36 58 , 72 19777 - , 014 1 . 01 543 , 00 4 , 55 
132 27 248 2 , 70 KO 14 4 2 48 , 090 - . 38 27 17 3 , 0 2 1 , 7 12 11 60 , 11 60 . 62 19856 -. 030 , 46 1633 -, 010 , 20 
133 17 2 78 0 4 . 69 KO 14 4 2 54 . 316 -,42 17 10 29 . 71 -5 , 8 10 10 58 , 17 58 , 17 19858 - . 033 , 36 . . 
13 4 26 274 3 , 93 AO 15 4 0 38 , 399 - , 80 26 2 7 10 , 88 4 , 2 14 12 58 , 38 58 . 45 21130 -. 017 , 54 581 , 003 , 20 
135 61 160 2 , 89 G5 16 23 18 , 446 - , 30 61 37 37 , 56 5 , 8 11 11 61 , 54 61 , 54 22101 -. 020 -. 02 615 , 000 -. 19 

136 2 3 19 3 , 8 5 AO 16 28 23 , 322 - . 2 1 2 5 3 0 , 28 -7 , 4 12 11 59 , 63 59 , 38 22203 -, 051 , 47 6 17 . 002 -, 09 
13 7 4 3235 5 . 73 AO 16 3 8 9 , 587 - , 03 4 18 56 , 89 -1 . 8 9 7 57 . 04 57 . 63 224 3 0 , 003 . 50 . . 
138 31 292 3 , 00 GO 16 39 23 , 59 5 -3 , 72 3 1 41 35 , 43 39 , 3 9 10 59 , 79 5 9. 97 22464 - , 052 - , 04 1634 -, 024 -,61 
139 -1 5 4 467 2 . 63 Al. 17 7 30 , 4 56 , 2 5 -15 39 51 , 86 9 , 4 11 8 60 , 66 60 , 98 23158 -, 030 , 44 637 -, 028 • 11 
140 14 32 7 3 , 48 M3 17 12 2 1 , 91 6 -, 0 8 14 26 45 , 54 3 . 7 13 12 60 , 65 60 , 50 23277 - , 032 , 23 64 0 -, 017 -. 24 

141 - 19 4800 7, 2tl B3 17 58 55 , 335 , 06 - 19 6 23 , 77 -. 2 9 9 59 , 01 59 , 01 24529 -, 055 , 73 . . 
142 1 35 78 6, 09 83 ltl 2 5 ,7 9 tl - , ù 4 1 54 54 , 0 8 - . 6 7 7 56 . 07 56 . 07 24617 -. 002 ,40 . . 
143 -1 9 4 tl 9 5 7 , 14 Bl. Hl 9 17 . 322 , 0 4 -1 9 26 44 . 7 0 - 1 . 0 9 9 59 . 86 59 . 86 24812 -. 061 1 , 09 . . 
144 -1 8 48 86 6 . 37 0 5 18 14 32 . 4 59 -. 03 -18 2 8 58 . 14 - . 3 9 9 60 . 76 60 . 76 24 9 50 -. 02 7 .40 . . 
14 5 -1 5 4 9 11 6 . 64 BO 18 14 4 5 . 47 2 -. 0 2 -15 2 7 0 . 86 1 . 6 10 10 60 . 82 60 . 82 24955 - . 041 -. 03 . . 
146 -1 2 4 980 7, 34 BO 18 1 5 17, 635 -.1 0 -12 15 46,16 1 . 0 8 7 61 , 33 61 . 17 24969 . 045 - , 37 . . 
147 - 18 489 6 6 , 38 BO l t! 15 46 . 998 . os -1 8 38 26 . 15 . 2 8 8 59 , 41 58 , 91 24978 -. 046 - . 17 . . 
148 - 12 498tl t! . 5 P.O l tl 1 5 52 .7 46 . - 12 7 38 , 23 . 8 7 60 , 46 60 , 89 . . . . 
149 71 97 4 , 24 AO 18 2 1 28 , 4 13 -, 18 71 18 4 2 , 84 4 . 1 14 10 59 . 49 6 0 , 53 25114 - . 111 . 51 693 -, 079 , 12 
150 -1 4 5039 6 , tl4 BO 18 22 24 , 810 ,14 -14 0 2 5 . 7 2 1 , 4 7 7 58 , 0 0 58 , 00 2 5133 - . 091 -. 1 3 . . 



RESULTB OF OBSERVATIONS MADE WITH THE OTTAWA REVERSIBLE MERIDIAN CIRCLE 1954-1962 

No. , B.D. No. 1 M~p. 1 R .A. 1950 

151 58 189 4 . 85 A2 18 23 10 . 650 - . 55 
152 -9 4736 7 . 8 R2 l t! 23 48 . 934 . 
153 -15 5004 t! . 1 BO 18 29 45 . 347 . 
154 - 18 4994 6 . 98 BO 18 3 0 14 . 262 . oo 
155 22 3648 5 . 40 BO 19 15 36 . 601 - . 03 

156 20 4218 6 . 44 BO 19 38 17 . 110 - , 05 
157 44 3;n 2 . 97 AO 19 43 24 . 640 . 44 
l5tl 33 3602 6 . 35 RO 19 46 56 . 022 . 01 
159 69 107 3 . 99 KO 19 4tl 21.216 1 . 53 
160 18 4276 6 . 29 0 19 50 7 . 878 - . 05 

161 47 2939 5 , 70 F\2 19 50 38 . 6A5 -. 10 
162 47 2945 6 . 15 F\L 19 51 32 , 377 -, 14 
163 52 2 59 4 . tlO A3 19 54 20 , 121 - , 47 
164 3 1 3925 5 . 69 BO 20 2 38 . 403 - , 13 
165 35 3952 7 , 30 FI 20 4 3 , 268 . 
166 - 9 5382 6 , 45 R3 2U 8 27 , 432 . 02 
167 21 4ll8t! 6 . 11 BO 20 9 9 , 757 - , 04 
l6tl 39 4082 7 , 47 83 20 10 46 . 739 . 
169 38 3956 7 , 10 B2 20 11 33 . 524 -. 16 
170 36 3958 1 . 02 05 20 12 39 . 095 . 
171 37 .Hl67 7 . 12 BZ 20 15 32 , 454 - . 13 
172 40 4103 5 , 82 FJ2 20 16 20 . 615 -. 03 
173 37 3879 7 , 74 fl l 20 17 1 , 258 . 
174 3b 4006 7 , 29 BL 20 17 19 . 596 . 
175 37 3892 7 . 6 Btl 2J 17 58 , 695 

176 4U 4150 7 . 05 BO 2U 21 3l . J46 . 
177 40 4165 7 . 45 B 2J 24 35 . ull . 
1 78 - 18 5689 4 . 96 FO 20 26 0 . 572 -. 12 
179 - 15 5696 6 . 19 GO 20 28 16 . 291 -. 31 
l t10 43 3630 7.15 B z.., 28 52 . 811:S . 
18 l 14 4353 4 . 69 A.!. 20 n 58 , 2.15 . 29 
182 14 445 3 . 72 F5 20 35 12 . 257 . 74 
183 35 433 4 . 47 FJ5 20 45 27 . 543 . 03 
184 45 3291 4 . 89 R2 20 47 13 . 945 , 01 
U!5 54 2429 8 . 2 fJ 20 49 47. 461 . 
lt!6 32 3974 6 . 35 B5 2U 49 58 . 174 -. 11 
187 48 3242 7 . 13 FJ2 20 52- 15 . 467 - . 04 
1 titi 46 3111 5 . 76 B8 20 54 a. 35ts - . 06 
lt!9 44 3639 6 . 01 05 ,t.u 54 4t! . 8Z7 -. 08 
190 45 3364 5 . 24 83 20 59 26 . 076 , 03 

191 54 2470 7 . 16 B2 21 2 25 . 934 -, 10 
192 35 4426 6 . 40 81 21 9 3 . ü2u ,1 4 
193 59 237 5 . 62 R2 21 l ù 3 1. 8u0 - . 06 
194 37 424 3 . 82 FO 21 12 4 7. 666 1 . 32 
195 57 2309 6 . 41 B3 21 15 56 , 345 -. 03 

196 61 2112 6 . 64 BO 21 1 7 54 .1 11 - . 29 
197 46 3294 1 . 10 B2 21 22 1 . 859 . 
198 54 2533 7 , 6 80 21 22 57 . 263 . 
199 36 4557 5 . 84 80 21 23 44 , 254 . oz 
2uu 58 2272 7 , 4 B'- 21 Z7 31 . 345 . 

Decl. 1950 100,.• I 
58 46 17,50 6 . 0 
-9 13 55 . 85 . 

-15 44 21 . 38 . 
- 18 24 24 . 40 -1 . 3 

22 56 3 . 01 - . 8 

20 21 36 . 65 -2 . 5 
45 0 28 . 90 4 . 8 
33 18 39 . 84 - . 5 
70 8 27 . 24 4 . 0 
18 32 31.19 -. 6 

47 48 6 , 71 -1 . 0 
47 4 0 36 , 81 -1 . 2 
52 18 19 , 47 -2 , 9 
32 4 33,03 -1 , 4 
35 3 1 39 , 86 . 
-8 59 30 , 23 . o 
21 43 30 , 70 . 5 
40 7 1 . 11 . 
38 36 48 . 36 - . 7 
37 12 2 . 37 . 
38 4 46 , 90 - ,3 
40 34 30 . 67 -. 4 
38 7 19 . 34 . 
39 6 56 . 05 
3t! 11 3 , 35 . 
40 35 49 , 04 . 
41 12 51 . 50 

- 17 58 49 . 57 - 2 . 0 
- 15 13 28 . 61 - 5 . 5 

44 8 45 . 66 . 
14 3 :J 2 . 10 1 . 2 
14 25 11 . 59 - 3 . 0 
36 1 8 21. 91 - . 3 
45 55 40 . 34 -.1 
55 Ul 1. 22 . 
32 39 36 . 16 , 5 
49 2 J 33 , 74 , 2 
47 13 31 , 15 - . 3 
44 43 54 . 16 . 7 
45 57 31 . 12 . 7 

55 1 5 1, 18 . 2 
36 5 39 . 37 -1 . 5 
59 46 49 . 57 -. 2 
37 49 55 . 96 43 . 7 
St! 24 3 . 34 . 4 

61 38 47 . 25 -1 . 4 
46 56 57 . 07 . 
55 9 2 . 27 
36 27 1 . 89 - . 5 
58 31 12 . 86 . 

No. 

a I 

10 11 
6 6 
8 11 
5 5 
6 6 

9 7 
13 13 

8 6 
13 13 

6 6 

9 7 
8 6 

14 12 
6 6 
9 9 

9 9 
11 9 

8 8 
10 8 

6 6 

7 6 
8 6 
7 6 
7 7 
7 7 

7 6 
9 8 

17 14 
8 7 
6 7 

8 7 
13 11 
12 11 

7 6 
6 7 

7 7 
lu 8 

8 8 
6 6 
6 6 

8 7 
6 6 

14 14 
13 12 

6 6 

7 6 
6 6 

12 9 
8 9 
7 6 

Epocb 

a I 

60 . 17 6 0 . 29 
58 . 07 58 . 07 
59 . 53 59 . 52 
60 . 33 60 . 33 
58 . 95 58 . 95 

58 . 04 58 . 76 
58 . 53 58 . 53 
56.97 57 . 42 
60 . 16 60 . 16 
58 . 43 58 . 43 

59 , 47 60 , 00 
57 , 99 58 . 77 
59 , 95 59 , 68 
59 ,7 7 59 . 77 
60 . 04 60 , 04 

60 . 39 60 , 39 
60.22 60 , 78 
59 . 11 59 . 11 
57 . 84 58 . 01 
60 . 93 60 , 93 

58 . 80 58 . 98 
58 . 98 59 . 27 
59 . 05 59 . 10 
58 . 58 58 . 58 
59 . 20 59 . 20 

59 . 31 59 . 27 
60 . 04 60 . 48 
60 . 22 60 . 27 
58 . 97 59 . 31 
59 . 16 59 . 37 

57 . 51 57 . 91 
59 . 02 59 . 35 
62 . 01 61 , 97 
57 , 58 57 , 73 
57 . 66 57 , 65 

58 . 92 58 . 92 
58 . 12 5H . 49 
58 . 54 58 . 54 
57 . 52 57 . 52 
59 . 03 59 . 03 

57 . 92 57 . 95 
sa . oc 58 . 00 
57 . 58 58 . 09 
58 . 43 58 . 67 
57,89 57 . 89 

59 . 11 59 . 34 
57 , lt! 57 . 18 
61 . 09 62 . 00 
58 , 82 58 . 69 
58 . 41 58 . 36 

0 - G.C. 

No . Aa 

25151 -.048 .51 . . . . 
2532 0 -.049 . 24 
26613 . 027 . 16 

27226 . 019 1.31 
27347 - . 025 .74 
27433 -, 039 . 25 
27471 - . 019 . 53 
27523 . 009 - . 37 

27531 - , 039 , 24 
27549 . 016 . 9 2 
27618 - . 017 , 18 
27858 , 007 , 68 . . 
27998 - . 011 , 16 
28024 -,035 -1 . 23 . . 
28086 . 080 . 21 . . 
282 10 ,064 . 03 
28228 - . 003 - , 08 . . . . . . 

. . . . 
28481 - . 010 . 23 
28533 , 024 1 . 46 . 
28659 , 001 . oo 
28709 -.004 - . 20 
28994 . 001 , 51 
29036 - . 045 , 14 . 
29111 . 043 - . 32 
29172 - . 031 - . 17 
29219 - . 025 . 43 
29241 . 018 - , 03 
29354 . 002 - . 06 

29440 . 010 . 04 
29616 - . 079 1.05 
29655 -.054 . 27 
29723 - . 029 - . 06 
29804 - . 037 - . 01 

29861 . 051 ,93 . . 
30016 - . 012 -.31 . . 

287 

0 -FK3 

No . Aa Al 

694 -,003 . 40 . . . . . . . . 
. . 

742 - . 072 . 27 . . 
747 - . 006 . 21 . . 

. . . . 
750 -.007 . 02 . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . 
766 -,008 - , 06 . . . . 

. . 
771 - . 008 - . 48 
784 , 005 - . 01 . . . . 

. . . . . . . . . 
. . . 

798 - . 040 , 22 
799 -.009 - . 12 . . 

. . . . . . . . . 
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No. , B.D. No. 1 M~p. 1 R.A. 1950 

2ul 59 2395 5 . 52 BJ 21 29 36 . 797 
202 56 2 51:!9 7.36 BU 21 30 7 . 889 
2v3 57 2374 6 . 98 130 21 40 50 . 237 
204 24 449 4 . 27 F5 21 42 2L 0 733 
2J5 61 2193 5 . 97 RL 21 43 30 . 670 

Lù6 59 2420 7 . 03 B3 LI 46 8 0 441 
207 52 3043 6.56 R2 21 48 15.876 
208 28 4215 5 , 62 F5 21 50 15.765 
209 62 1994 6 . 76 131 21 51 9 . 714 
210 61 2216 7 . 10 R3 21 52 21 . 848 

211 60 2320 6.90 A3 21 55 46.214 
212 61 2233 6 .4 1:l HO ./1 59 9 , 339 
213 57 2441 5 . 50 AO 22 0 23 . 522 
214 59 2456 6 .74 R5 22 2 15 . 942 
215 61 2246 5 . 17 05 22 3 36 . 142 

216 47 3692 6 . 16 R3 22 3 53 . 310 
217 58 2402 5 . 19 0 22 9 48 , 477 
218 45 3879 8 • 3 B 22 16 55 . 923 
219 36 4835 6 . 39 R3 22 24 32. 1 71 
220 39 4841 6 , 07 83 22 25 14 . 711 

221 40 4854 7 . 00 R5 22 32 17 . 553 
222 38 4808 6 . 55 R5 22 33 38 . 317 
223 38 4808 5 . 83 A3 22 33 38 . 546 
224 49 3903 6 . 20 R3 22 33 48 . 428 
225 37 4631 6 . 75 83 22 34 7 . 230 

226 38 4817 8,1 A3 22 35 14 . 440 
227 36 4898 6 . 67 R3 22 36 48 . 597 
228 39 4912 5 , 18 R2 22 39 14 . u54 
229 37 4670 6 . 22 R3 22 40 38 . 920 
230 64 1717 6 , 83 R3 22 46 3 , 894 

231 47 3931 7 . 8 R5 22 47 6 , 629 
232 41 4623 5 , 84 R5 22 48 6 . 148 
233 61 2356 8 . 4 A3 22 50 34.238 
234 49 3965 8 . 5 R5 22 50 47 . 909 
235 42 4529 7 . 4 R5 22 52 5 . 572 

236 42 4538 7 . 68 H5 22 53 31 . u61 
237 40 4949 5 . 54 R3 22 54 6 , 307 
238 62 2136 7 . 76 A5 22 54 33 . 131 
239 43 4355 1 . 02 A3 22 56 29 . 096 
240 62 2146 7 . 36 AS 22 56 35 . 637 

241 37 4744 6 . 39 83 22 58 34 . 821 
242 43 4378 6 . 32 A3 23 0 27 . 602 
243 62 2170 7,46 AS 23 4 6 . 399 
244 58 2545 4,91 Al 23 4 29 . 452 
245 45 4147 6 . 56 AS 23 5 0 . 275 

246 74 106 4 . 56 r;s 23 6 17 . 943 
247 48 3950 6 . 53 A3 23 7 0 . 536 
248 73 1023 5 .74 AO 23 12 49 • 81:Hl 
249 30 505 s .21 K2 23 31 28 . 057 
250 60 2636 6 . n AO 23 51 20 . 071 

P UBLICATIONS OF THE DOMINION OBSERVA TORY 

Decl. 1950 

- . 05 6.J 14 18 . 59 
- . 12 57 16 52 . 44 

. l 5 57 30 24 . 68 

. 23 25 24 52 . 17 
- . 13 62 13 47.53 

- . 11 59 28 3 . 78 
-.07 52 27 47 . 45 
- . 48 28 33 30 . 65 

, JO 62 21:l 34 . 56 
- . 10 62 22 40 . 00 

-.19 61 3 23 , 34 
-.J5 62 14 48 . 71 
- . 06 57 45 3 1. 29 

. OL 59 34 18 , 21 

. ùl 62 2 lù . 82 

-. 08 47 59 15 . 90 
, 01 59 lû 2 . 53 

45 33 4 . 46 
. 09 37 11 19 . 09 

-.01 39 33 16.89 

-.1 9 40 30 58 . 41 
-.1 0 39 22 7 , 94 
• oo 39 22 30 , 62 
. 03 49 48 41 , 36 

-. 04 37 34 58 , 17 

39 10 43 . 98 
-. 12 37 6 53 . 48 
-.os 39 57 50 , 16 

. 06 37 32 25 , 80 

. n 64 47 52 . 48 

. 47 39 54 . 82 

. 06 41 41 17 . 76 . 62 10 28 , 59 . 49 35 55 .7 7 
43 15 43 . 12 

. 43 17 32 . 25 
-, 06 41 20 11.89 
-. 01 62 36 4 . 44 

. 10 43 34 14 . 51 

. 19 63 26 19 . 15 

-. 03 38 26 20 , 92 
-. 02 43 47 22 . 28 

. 15 62 56 33 . U, 

.1 0 59 8 57 . 43 

. 01 45 47 51 , 36 

. 22 75 7 0 , 93 

. 10 49 22 45 . 77 
1 . 16 73 57 30 , 74 

. 38 31 2 56 . 62 

. 02 60 34 30 . 1:16 

100µ' 1 

• 1 
- . 1 
-. 2 
l . 5 

• l 

1.4 
- . 9 

- 6 . 5 
2 , 0 
l. 5 

• l 
1. 0 

• l 
• 1 
. 3 

. 4 
-.9 

-.2 
-1. 0 

-.6 
-.2 
-.5 

. s 

. o 

-.3 
- . 1 
-.8 

. s 

. 

. o . . 

. o 

.4 
, 9 
, 4 

-.4 
-.1 
1. 1 

. 3 
• 0 

-2.1 
. o 

1. 0 
- 1 . 2 

1 . 0 

No. 

a I 

8 A 
8 A 
7 6 

12 11 
6 6 

tt 8 
8 8 
A R 

10 8 
8 8 

7 7 
7 7 

12 10 
7 7 
9 A 

6 6 
7 7 
6 6 
8 R 
R 8 

9 8 
8 8 
7 6 
6 6 
9 8 

8 8 
8 8 
8 8 
9 8 
8 8 

9 8 
9 9 
7 6 
8 8 
7 6 

7 9 
10 7 

8 7 
7 6 
6 6 

7 7 
6 6 

10 6 
8 8 
7 7 

9 10 
9 8 

12 9 
13 12 
10 9 

Epocb 

a a 

59 . 27 59 . 27 
59 . 37 59 . 37 
59 . 30 59 . 39 
59.76 59 . 86 
59 . 07 59 . 07 

58 . 21 58 . 21 
57 . 96 57 . 96 
56 . 59 56 . 59 
58 . 10 58 . 46 
58 . 32 58 . 32 

58 . 86 58.1:!6 
57 , 15 57 . 15 
58 . 76 59 . 17 
57 , 44 57 . 44 
58 , 81 58 . 94 

59 . 37 59 . 37 
57 , 46 57 . 46 
60 . 34 60 . 34 
58 . 47 58 , 47 
61 , 07 61. 17 

58 . 47 58 , 44 
61 . 64 61 . 53 
60,99 61 , 36 
58.79, 58.79 
58 . 94 59 , 08 

61.05 61 . 05 
58.68 58 , 68 
58 , 20 58 , 20 
59 .1 2 59 , 18 
57 ,1 3 57 . 02 

57 . 85 57 , 99 
58 .41 58 ,41 
58 . 02 58 , 06 
59 . 80 59 , 80 
59.02 59.42 

58.57 58 , 82 
59 . 14 59 . 59 
61 . 20 61 , 14 
59 . 56 59 . 69 
59 . 95 59 , 95 

57,89 57 . 89 
58.Z·O 58 , 38 
59,5 0 60 , 19 
58 .5 8 58 , 58 
61.69 61 . 68 

61 . 89 61.95 
58.20 58 , 37 
58 .1 6 58 , 52 
59 . 74 60 , 16 
59.42 59 , 51 

0-G.C. O-FK3 

No. .o,a No. 6a 61 

30150 - . 023 . 38 . 
30162 . Q06 . 32 . 
30408 - . 108 - . 30 . 
30450 - . 007 . 42 816 - . 002 . os 
30473 - . 067 . 61 . . 
30530 . 014 - . 77 . 
30579 - . 037 l. 03 . 
30625 - . oos . 04 . 
30645 - . 098 - . 74 . . 
30671 - . 004 -.44 . . 
30744 . 060 . 48 . 
30812 - . 022 - . 41 
30837 - . 015 . 31 . . 
301174 - . 024 . zo . 
30907 - . lOR . 48 . 
30917 , 023 . 10 . . 
31066 - . 102 . 10 . . . 
31360 - . 051 -.34 . . 
31375 - . 039 . 71 . 
31522 , 069 , 51 . . 
31550 - . 002 . 21 . 
31551 - . 013 . 61 . . 
31556 -,009 . 01 . . 
3.1564 , 009 -.06 . . 

. . 
31617 . 028 • 39 . . 
31670 . 052 , 53 . . 
31704 -.052 . 26 . . 
31826 -.113 -. 06 . . 

. . 
31861 -.001 . 07 . . . . . . . . . . . . . . 

. . . . 
31987 , 007 • 09 . . 
31994 -, 015 -.14 . 
32029 - . 0911 -.49 . . 
32032 -.11 8 -.16 . . 
32073 . 014 - . 35 . . 
32114 . 002 . oz . . 
32185 - . 175 -,19 . . 
32197 -.068 -.06 . . 
32208 -.055 , 68 . . 
32237 -.089 -.17 874 -,047 - . 45 
32253 -,054 . 24 . . 
32366 -,192 . 19 . . 
32772 -.008 -. 34 8A7 -.010 -.45 
33149 -,073 -. 88 . . 
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A LARGE 10 MHz ARRAY FOR RADIO ASTRONOMY 

J. A. GALT*, C. R. PuRToNt AND P. A. G. ScHEUER§ 

AnsrnACT : .\ large array-type transit radio telescope for frequencies near 10 MHz is described. It is built in the 
shape of a horizontal 'T' and consists of 400 half-wave dipoles suspendcd from wooden poles above a reflecting screen. 
The voltages from the two arms of the 'T' are multiplied, giving the instrument a pencil beam response. It has a 
collecting area of 192,000 m2

, and when used with a bandwidth of 8 KHz, can detect sources to a flux limit of 70 X 
10-26Wm-2Hz-1• The beamwidth is 2?6 X 2?4 at the zenith. An elaborate phasing system is employed which allows 
observations at many different declinations simultaneously. Fluxes have been mcasured with this instrument for 
166 astronomiral sources and a map of the galactic radiation has been prepared. 

RÉSUMÉ: Les auteurs décrivent une grande antenne, constituée d'éléments alignés, pour les radiotélescopes à transit 
fonctionnant à des fréquences de près de 10 MHz. Elle a la forme d 'un «T» horizontal et consiste en 400 dipôles demi
onde suspendus à des poteaux de bois au-dessus d'un écran réflecteur. Les tension$ provenant des deux bras du «T» 
sont multipliées, ce qui donne à l'instrument une réponse unique. li a une surface de captation de 192,000 
m2 et, lorsqu'on l'emploie sur une largeur de bande de 8 KHz, il peut détecter des sources à une limite de flux de 
70 X 10-25Wm-2Hz-1• La largeur du faisceau est de 2?6 X 2?4 au zénith. Un système élaboré de mise en phase per
met des observations à plusieurs déclinaisons différentes simultanément. On n, mesuré les flux de 166 radiosources à 
J' aide de cet instrument et on a dressé une C'arte du rayonnement galactique. 

Introduction 

Most high-resolution radio astronomical studies 
haye been made at frequencies high enough that iono
spheric effects are of little importance. As the frequency 
is lowered, observations become progressively more 
difficult because of absorption, refraction and scintil
lation. There are the further difficulties of the large 
physical size necessary to achieve a reasonable resolu
tion, and of the Yery limited bandwidth which can be 
found free of man-made interference. It has, hO\rnver, 
become imperative that the discrete sources and the 
background radiation be observed over as ,Yide a fre
quency range as possible in order to detect changes in 
the slope of their spectra. The slope and curvature of 
the rad io spectra are of great importance in recognizing 
the type of source being studied and in elucidating the 
physical processes involved. 

The low-frequency surveys which haYe been pub
lished include the 38 MHz synthesis surYeys at Cam
bridge (Costain and Smith, 1960; Williams, Kenderdine 
and Baldwin, 1966), the 26.3 MHz compound grating 
surveys at Clark Lake, California (Erickson and Cronyn, 
1965; Erickson, 1965), the interferometer survey be
tween 20 and 38 MHz in the Ukrainian S.S.R. (Bazelyan, 
Braude, Vaisberg, Krymkin, Men' and Sodin, 1965), 
the 19.7 MHz cross survey of the southern sky in New 

*Dominion Radio Astrophysical Observatory, Penticton, B.C. 
tNational Research Council, Ottawa, Ont. 
§1\fullard Radio Astronomy Observa tory, Cambridge, l ; . K. 
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South Wales (Shain, Komesaroff and Higgins, 1961), 
the 4.7 MHz survey in Tasmania, (Ellis, Green and 
Hamilton, 1963) and the 13 MHz synthesis survey at 
Cambridge (Andrew, 1966). 

To extend these measurements both to lower 
frequencies and to lower flux levels two large arrays 
have been built at the Dominion Radio Astrophysical 
Observatory, Penticton, B.C. The 22 MHz array which 
bas a beamwidth of 1~ X 1?6 at the zenith and a collect
ing area of 65,000 m2, has been described elsewhere (Galt 
and Costn.in, 1965; Costain, Lacey and Roger, 1967). 
The present paper describes the 10 MHz antenna which 
was undertaken as a joint project with Cambridge 
University. Both antennas were put into operation 
late in 1964 and have been used intensively ever since 
in an effort to obtain · as much data as possible before 
the next period of solar activity, when it is anticipated 
that ionospheric conditions will become unfavorable 
for decametric radio astronomy. 

General Description 

The array, which is in the form of a 'T' is shown in 
Figure 1; its dimensions are given in Figure 2. It con
sists of 400 dipoles supported by wooden poles one
eighth wavelength above a reflecting screen. To obtain 
the best fit of the antenna to the terrain the plane of the 
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414>-•1242m 

24.5>.•725m 

- 5 >- -

Figure 2. Dimensions of the 10 :v1Hz radio telescope. The dipoles 
are shown as short vertical lines. 

array was tipped clown to the north by 2?8 and clown to 
the east by 1 ?6. To have the N-S plane of the instru
ment pass through the north celestial pole in spite of 
the E-W tilt, the azimuth of the antenna arms m1s 
decreased by {3 = 1?8 where {3 is given by 

tan {3 = tan cp sin VI 

cp is the latitude and VI is the angle which the plane of 
the array makes with the horizontal measured along a 
true E-W line. The over-all effect ,ms to shift the 
broadside response from the zenith to a higher declina
tion and earlier hour angle. In other "·ords, the antenna 
behaved as though it were located at latitude 52° 06' 
N, longitude 117° 13' W instead of its geographical 
position, ·49° 19' N, 119° 37' W. 

The array is supportcd on 590 ,,·ooden poles of 
various lengths up to 20 m depending on the terrain. 
The E-W arm consists of four lines of 45 dipoles each, 
making a total of 180 dipoles. The X-S arm consists 
of 48 lines of 5 dipoles each, making a total of 240 
dipoles. The 20 dipoles in the overlap region are in
cluded in both arms. 

The receivers and recorders are housed in a trailer 
situated at the centre of the X-S arm. The receiving 
system multiplies the Yoltages from the two arms, using 
the technique of phase switching (Ryle, 1952), amplifies 
the product and presents the output on a pen recorder. 
This system is similar to that used for the Mills cross 
(Mills and Little, 1953) and for the 22 MHz 'T' . The 
response of the instrument in any particular direction is 
then proportional to the product of the voltage responses 
of the individual arms. Since the voltage response of 
each arm is a fan beam, and since the two beams are 
mutually perpendicular, the result for the complete 
instrument is a pencil beam, 2?6 E-W by 2?4 X-S at the 
zenith. 

When used with a bandwidth of 8 KHz the antenna 
is capable of mcasuring sources to a flux limit of about 
70 X 10- 26Wm- 2Hz- 1

. This is still well above the con
fusion Jimit for reliable identification of individual 
sources. Greater sensitivity would require the use of 
larger band,Yidths but this is seldom possible because 
of interference. 

Dipoles 

The individual elements of the array are 3-wire 
folded dipoles with a resonant impedance of 365 ohms, 
and are oriented to accept :N-S polarization. The N-S 
separation of the dipoles is 0.5À, permitting phasing in 
that direction. If a larger spacing had been used a 
grating response would have appeared when the array 
was phased away from the zenith. The E-W separation 
is 0.9À, which was considered to be the maximum 
spacing consistent with a tolerably low end-fire response. 
The exact length of the dipole was determined experi
mentally by erecting a block of 20 dipoles above the 
reflecting screen, and adjusting the lengths until each 
dipole was resonant at 10.02 MHz when all the re
mainder were terminated with resistances approximately 
equal to their impedances. The dimensions in Figure 3 
were so determined and used throughout the array. In 
order that all dipoles should appear purely resistive the 
dipoles along the extreme north and south edges of the 
array "·ere made slightly shorter than the interna! 
dipoles. 

13.5m ---

El l ~~\ •,•9=•~ 
lnsulators .._ .. 

'. ----=»---
1 \ 

05m 

Flexible twin 
Transmission line 

01pole wire 2 mm diam 
copper clod steel 

Wooden Pole 

Figure 3. Dimensions of the dipoles. 

Reflecting Screen 

The ground plane or reflecting screen is placed 
3.75 m beneath the centre of the dipoles. It consists of 
a grid of fine galvanized steel wire O. 7 mm in diameter 
running north-south, spaced at intervals of 1.2 m. In 
places where the reflecting screen is closer to the actual 
ground than 1.2 m the spacing between wire is rcduced 
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appropriately. The reflecting screen is supported by 
taut steel wires which also serve to guy the poles and 
maintain the correct dipole spacing. The reflecting 
screen extends 0.5À beyond the centre of the end dipoles 
in the r _s direction. In the E-W direction the screen 
extends beyond the dipoles 0.9À in the E-W arm and 
0.7À in the N-S arm. The area of the reflecting screen 
is 213.5À2 = 192,000 m2

• 

Feeder System, General 

Throughout the array, dipoles are fed in parallel in 
E-W lines of five. The feeder system for a line of five 
dipoles is shown in Figure 4. An accurately eut 0.5À 
length of 225-ohm flexible twin transmission line whose 
conductors are embedded in polystyrene foam connects 
each dipole to a horizontal open-wire transmission line 
(Zo = 370 Q) running east-west 30 cm above the re
flecting screen. The flexible twin lines are soldered to 
the open wire transmission line at intervals of l.0À. 
Shorting blocks were placed on the open-wire line 0.25À 
from the extreme attachment points. The impedance at 
the centre of this open-wire line resulting from the 
effective superposition of five dipoles in parallel was 73 
ohms. At this point the power was transferred by means 
of a transformer balun to a 50-ohm coaxial cable (poly
foam equivalent of RG-8/U). 

:.-o.9x 0 .9 x--i-- 0 .9X- - 0.9X 

Flexible 
transmission 
f ine X/2 long 

: 
x- - - -x - - -- x - ----- x--, ¼ :-

Figure 4. Method of collecting power from a line of five dipoles. 

The dipoles in adjacent lines interacted through 
their mutual impedances, and the impedance at the 
output was, in general, reacth·e. This reactance was 
cancelled by a small adjustment in the position of the 
shorting block at one end of the open-wire transmission 
line. 

Feeder System, E-W Arm 

A diagram of the coaxial cable branching network 
used for each of the four lines of 45 dipoles in the E-W 
arm is shown in Figure 5. In the region common to both 
arms the power from each balun is split in a hybrid 
ring, half the power going to each arm. To reduce side 
lobe responses, grading attenuators were inserted be-

To N - S arm 

Calibration 
input 

To E-W phosing devlce 

Inputs from baluns 

Gr ading ottenuotors 

6 X. cab les 

Figure 5. Coaxial cable feeder system for one line of the E-W arm. 

tween the bal uns and the feeder cables as shown; the 
hybrid ring acted as a 3-db attenuator. 

As originally designed and built the path lengths 
from each balun to the phasing device were identical. 
This arrangement provides compensation for changes in 
the electrical length of the cable with temperature and 
also preserves the bandwidth of the feeder system. It 
does, however, introduce more attenuation than is 
necessary, because of the extra cab le length required in 
the central branch of the network. Since cable attenua
tion was greater than cxpected the signal from the E-W 
arm was not as large as had been intended. To overcome 
this difficulty the long central cable was shortened from 
18.5À to 0 . .5À and the grading attenuators changed 
appropriately. The observations prior to J uly 1965 
were made with the feeder system as in Figure 5; those 
made after July 1965 used the modified configuration. 
An increase in signal from the E-W arm of about û 
db was realized by the change. 

Feeder System, N-S Arm 
A coaxial cable of length 15.5À was run from each 

of the 48 baluns in the N-S arm to the trailer at the 
centre of the arm. Each cable was connected to a grad
ing attenuator insi<le the trailer, and these in turn were 
connected to the input of the N-S phasing device. The 
attenuation used is indicated in Figure 6. 

Feeder System, 10 MHz Personnel 

Power for the observer was usually obtained from a 
small bag containing 'Midnight Lunch'. This was 
transferred without attenuation while observations were 
in progress. 

Phasing, General 

To avoid Joss of valnable time, moving the beam in 
declination had to be a simple and rapid operation. 



298 PUBLICATIO);S OF THE DOMl)."10); OBSERVATORY 

.0 

" ... 
(1) 

3: 
0 a.. 
(1) 

> 

0 

(1) 

n:: 

0 

-10 

-20 

0 
North 

5 10 

Wovelengths 

15 20 
South 

Figure 6. The grading attenuation shown as a function of position 
in the N-S arm. 

Another requirement was the ability to observe several 
declinations simultaneously. This is a particularly use
fui feature at a frequency as low as 10 MHz where 
irregular refraction in the ionosphere is frequently en
countered. 

To satisfy these requirements two phasing devices 
were built, one for each arm of the 'T'. In its general 
form the phasing device used may be considered a 
'black box' with n input ports and n output ports, where 
n is some power of two. The input ports are permanently 
connected to the elements of the array in a prescribed 
order. Each output port corresponds to a different 
phasing configuration of the array, in other words to a 
different declination for the antenna beam. To observe 

a 

in a given direction the receiver is connected to the 
appropriate output port. Similar devices have been b 
used at microwave frequE>ncies (Butler, 1966). 

Phasin~, E-W Arm 

The phasing device which was built for the E-W arm 
can be understood by reference to Figure 7. The actual 
circuit diagram of the device is shown in Figure 7 (a) 
while (b) is a schematic equivalent showing the phase 
relationships between the four input ports and the four 
output ports. The effective path lengths between the 
various ports (less an additive constant or 'zero length') 
are shown in the circles on each line in 7 (b). This 
device will be referred to as a nest of hybrid transformers 
or simply as a 'nest'. When the feeder cables from each 
of the four E-W lines of dipoles are connected (in order) 
to the input ports it can be seen that output port O will 
provide a beam phased for reception at the zenith. 
When output port 1 is used, a progressive phase delay 
of X/ 4 is introduced bet,wen the lines of the array, thus 
producing a beam tipped 30° to the south of the zenith. 

~ ~~ OUT 
2 

T 

IN 
1 

T 

I N 
0 

~~/ ~ 
IN 
2 

Figure 7. X est of hybrid transformers which accept four input 
signais and produce four separately phased combinations of 
these as outputs. (a) Actual circuit diagram. (b) Equivalent 

schcmatic showing path lengths between ports. 
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Similarly output port 3 produces a beam 30° to the 
north. Output port 2 proYides a phase delay of À/ 2 
between lines, producing end-fire beams both north and 
south. To obtain beams at intermediate elevations a 
set of cables of lengths À/ 8, 2À/ 8 and 3À/ 8 can be 
switched in ahead of the nest. The complete circuit 
diagram of the E-W phasing device is shown in Figure 
8. Ali unused output ports are terminated in 50-ohm 
loads. 

Figure 8. 
Complete phasing net
work of E-W arm. Ali 
switches are remotely 
controlled coaxial rela_vs. 

1 n puts 

Nest of four 
hybrid transformers 

Output 

Although the circuit shown selects only one beam 
at a time it is possible to bypass parts of the output 
relay system and observe as many as four beams simul
taneously. 

Phasing, N-S Arm 

The N-S phasing system involves an extension of 
the principle described for phasing the four lines of the 
E-W arm. It is made up of 48 nests interconnected with 
cables of various lengths as shown in Figure 9. The input 
lines from the antenna are connected to the ports at 
the top of the diagram, and the output ports provide the 
various phasings, or beams, from the southern horizon 
through the zenith to the northern horizon. Each beam 
corresponds to a unique declination, the angular separa
tion between adjacent beams at zenith angles 0; and 
0; being given by 

1 

32 

In gencral, a device of this sort will have 2" input ports 
and 211 output ports, where n is an integer. The present 
device for which n = 6, would accommodate 64 lines 
of dipoles. As only 48 lines could be built in the land 
available, the remaining 16 inputs were terminated 
with 50-ohm resistors and treated as antennas graded 
to zero. Ail 64 output ports were available simultane
ously, and the number which could be used for observ
ing ,ms limited only by the number of receivers avail
able. 

The transformers used in the construction of the 
N-S phasing device were 50-ohm unbalanced to 100-0-
100-ohm balanced. The 1r section was designed to give 
a 90° phase shift with a terminating impedance of 100 
ohms. Because the transformers differed somewhat in 
their characteristics, it was necessary to match each 
port to 50 + j0 ohms by the insertion of a capacitor 
and a resistor between the connector and the trans
former winding. Measurements were then made to 
determine the small departure from the ideal of Figure 
7 (b). The difference appeared in the form of phase and 
attenuation errors which were associated with the 
individual ports of the nest. Errors in phase were cor
rected by appropriate changes in the lengths of the 
interconnecting cables. To compensate for the errors in 
the attenuation of the ports three sets of attenuators 
were inserted as shown in Figure 9. The two sets of inter
level attenuators insure that equal powers are trans
ferred between each pair of nests. They also compensate 
for the differences in loss of the various interconnecting 
cables (RG-58C/U) due to the differences in length 
required for phasing. The input attenuators compensate 
for the differences in attenuation of the various input 
ports. A set of output compensating attenuators was not 
made because the attenuation associated with an out
put port affecte<l one beam only and could be treated 
as a simple factor applied to observations with that beam. 
Compensating attenuators were typically a few tenths 
of a decibel, and were made to an accuracy of a few 
millibels. Interconnecting cables were made to an 
accuracy of a few centimetres. 

Even though the individual nests, cables and attenu
ators were carefully tested as they were built, it was 
necessary to perform over-all tests . One such test, which 
checked every path in the system at least once, involved 
measuring the phases and losses of a selected set of 64 
paths from input connectors to output connectors. These 
phases and losses were compared with the nominal 
values worked out with the help of the diagrams of 
Figures 7 (b) and 8. Another test made use of a 1 :48 
resistively matched power divider. The antenna input 
cables were removed and the 48 cables from the power 
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divider inserted in their place. A signal at 10.02 MHz 
was inserted into the input of the 1 :48 divider and out
put power was measured at each of the 64 output ports. 
Figure 10 shows the result of such a test. Every fourth 
output is low corresponding to a zero in an ideal net
work. Near the 'main beam' measurements agree with 
theoretical calculations to 0.5 db while the agreement 
for the 'sidelobes' is usually ± 2 db. 

.0 
"'Cl 

cr 
w 
;r; 
0 
o. 
w 
> 
;::: 
<( 

...J 
w 
cr 

-20 

-30 

-40 

-50 

34 44 54 0 10 20 30 

OUTPUT PORT NUMBER 

Figure 10. Relative power output from the N-S phasing device 
when 48 inputs are excited with equal phase and amplitude. 

Measurement of Cable Len~ths 

Conventional methods were used to eut the cables 
in the feeder systems to the nearest quarter wavelength 
but it was found that normal impedance bridge methods 
were not accurate enough for final trimming because of 
reflections from discontinuities in the foamed dielectric 
of the cable. To overcome this difficulty a system for 
measuring cable lengths was devised which senses only 
the wave travelling in one direction. The system is 
shown in Figure 11 and is similar to that used by Swarup 
and Yang (1961) at much higher frequencies. When a 
signal is fed into a cable (2n+l)V8 long which is 
terminated in either an open or a short circuit, it will 
return to the driving point in quadrature with the input 
signal. With this phase relationship the resultant voltage 
at the driving point is unchanged whether there is an 
open or a short circuit at the far end of the cable. An 
AC-driven chopper alternately shorts and opens the 
far end of the cable and the detected voltage at the 
chopper frequency is measured. By adjusting the line 

Chopper--+L 

Cable 
under test ➔ 

line ----î stretcher-+ ..--~-.., 
Ref. 
ac 
gen. 

~ 
8 

P.S.D. 

Null 
IOdb 

Figure 11. 
Apparatus used for 
measuring the electrical 
lengths of cables in the 
feeder systems. 

stretcher for a nul!, a very sensitive electrical length 
measurement can be obtained. Reflections from cable 
discontinuities no longer contribute to the measurement 
because they are not modulated at the chopper fre
quency. The estimated accuracy of this method was 
.0015À for a relative measurement, and .005À for an 
absolute measurement. 

Receivers 

At a frequency of 10 MHz the receiver should not 
present great problems because the sky brightness tem
perature is many times greater than receiver noise tem
perature. In the present case, however, because of the 
large losses in the coaxial cable feeder system, low noise 
preamplifiers were built, to use with slightly modified 
communication receivers. The method of phase switch
ing described by Ryle (1952) and by Mills and Little 
(1953) is used to multiply the voltages from the N-S 
and E-W arms to produce a pencil beam from the two 
fan beams. A diagram of the apparatus is shown in 
Figure 12. 

Narrow band (8 khz-6 db) crystal filters were 
inserted immediately after the phasing networks to delin
eate the reception band and to prevent very strong 
out-of-band signais from causing cross modulation in 
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integrotor 

N-S 
orm 

From phosing dev,ces 

Crystal filters 

Combiner a matcher 

Preomplifier 

Commun1cotions 
Receiver 

Detector 

Audio 

Phase Sensitive 
detector 

Figure 12. Recciving apparatus for observing one dcclination. 

subsequent nonlinear circuits. So that these filters shall 
not degrade the system, their phase vs. frequency char
acteristics must he well matched. 

The receiYer employs c01wentional circuits (Brace
well, 1962). Output time constants from 8 to 100 seconds 
,vere used . 

Observing Techniques 

When preparing to observe an astronomical source 
whose declination is known the appropriate beam is 
chosen for each arm of the 'T'. A single beam of the 
E-W arm was broad enough in the X-S direction to 
cover the same range of declination as eight adjacent 
beams of the X-S arm. 

Four or ffre receivers were in operation most of the 
time during the winters of 1964- 65 and 1965-66, observ
ing several declinations simultaneously. They were used 
to observe adjacent beams of the X-S arm ,vithin one 
beam of the E-\V arm. Ho,veYer, the flexibility of the 
system made it unnecessary for the beams to be adjacent, 
or even confined to one beam of the E-W arm. 

Sets of crystal filters were available for 10.01, 
10.02, 10.03, 10.04 and 10.05 :\1Hz, but 10.03 MHz 
appeared to be more often clear of interference than the 
other frequencies, hence most of the observations were 
cond ucted at this freq uency. The band wid th of the 
antenna, fceder systems and phasing devices was great 
enough that no difficulties arose in using these nearby 
frequencies even though the design frequency was 
10.02 :\1Hz. 

An attempt was made to use the standard frequency 
guard bands assigned to the Radio Astronomy Service 
by the ITC. These bands were seldom free from inter
ference . Also the bandwidth available outside the region 
occupied by the standard frequency transmissions them
selves was so small that only the strongest sources could 
be detected even ,vith the large antenna collecting area 
available. 

It was generally necessary to insert an extra length 
of phasing cable into either the line from the X-S arm 
or the line from the E-W arm whose length depended on 
the beam and frequency in use. This compensated for 
three effects: (a) the change of electrical length with 
frequency of the cable, since a greater length of cable was 
used in the E -W arm than in the ~ -S arm; (b) a sligh t 
difference in effective phase centres of the arms and the 
phasing devices; and (c) small differences between the 
individual crystal filters. Although the lengths of cable 
required for (a) and (b) are calculable, (c) can only be 
determined experimentally . It was therefore convenient 
to determine the length of this extra phasing cable 
empirically, as follows. A large noise signal was intro
duced into the calibration port of the most northerly 
hybrid ring (see Figure 5). This signal passes through 
the entire system in a manner similar to that of a signal 
from the sky. The cab le length needed to produce a 
maximum deflection was then determined by substitu
tion. This length is the same as required for correct 
phasing of the 'T'. 

Because the array could on ly be phased along the 
meridian, ail observing was clone by drift scans. A 
calibrating signal was introduced before or after the 
transit of each source. 

Corrections must be applied for refraction and 
absorption in the ionosphere. In order to estimate the 
the ionospheric absorption, a Riometer was operated 
continuously using the 2~9 X 11° beam (to half power) 
of the N-S arm at the zenith. To estimate refraction, 
two adjacent beams of the ::--J-S arm are used to observe 
one source, since the beams overlap considerably. The 
relati,·e amplitudes obtained ,,·ith the two beams give a 
unique value for the apparent declination of the source . 

Calibration 
The absolute calibration of a large array of this 

sortis a formidable task. One method is to use a separate 
dipole " ·hose gain is readily calculated as the common 
element of two interferometers. One interferometer con
sists of the dipole and the ::--J-S arm, the other consists of 
the dipole and the E-W arm. This method has been 
described by Little (1956) and used successfully ,vith 
the Mills Cross at 85 ::\1Hz. The calibration dipole used 
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with the 10 MHz array was erected over a dry lake 
bottom and is seen at the extreme left of Figure 1. 
This method of calibration has, so far, proved Jess 
accurate than other methods. 

A second approach is the direct measurement of the 
absolute flux density of Cass A and Cyg A at 10 MHz 
11sing a completely independent simple interferometer. 
Flux measurements "·ere made with an accuracy of ± 10 
per cent by Bridle (1967). This method is reliable but 
restricts the calibration to declinations near the zenith. 

A third method is the detailed calculation of the 
gain of the antenna, treating each arm independently. 
The beam of the arm was integrated to find the forward 
gain and the tosses in cable, phasing devices, etc., were 
measured. The total loss for each arm could be checked 
by measuring the intensity of the background radiation 
with measurements made using the calibration dipole 
alone. Because of the different beam shapes involved, 
these comparisons must be treated with caution. The 
calculated Yalue of the gain could be checked near the 
zenith using the results of the absolute flux density 
measurement. A severe complication entering these cal
culations was the effect of mutual interactions in the 
array . These interactions have t,rn effects, both of which 
are a fonction of zenith angle. The change in impedance 
of the antenna causes, first, a power Joss by reflection at 
the mismatch, and second, a redistribution of current 
near the edges of the array resulting in a slight distor
tion of the beam. Both these effects are present at the 
zenith, since the conditions under which the antenna 
was matched (one line driven, the remainder terminated 
in load impedances and having parasitic currents only) 
were different from the conditions under which it was 
used (all lines driven). 

A fourth method used was purely empirical, and 
as such avoids many of the above complications. It 
relies on linear extrapolation from higher frequencies of 
the spectra of radio sources to provide flux densities at 
10 MHz, then the use of these sources to calibrate the 
array. This was done using only elliptical galaxies away 
from the galactic plane which had straight spectra 
down to 26 MHz. The selection of sources provided a 
gain measurement over a wide range of zenith angles. 

The final calibration used is based on the most 
reliable features of the latter three methods. 

Results 
The observations, which are continuing at the time 

of writing, include 132 sources whose fluxes have been 
well determined, 34 sources observed under difficult 
conditions and a map of the background radiation for a 
large part of the northern sky. These results have been 

reported elsewhere (Galt and Costain, 1965; Roger, 
Costain and Purton, 1965; Purton, 1966; and Bridie, 
1967). Figure 13 (a) shows an exceptionally good record 
of the radio source Hercules A. 

a 

20 30 40 50 17h 10 

b 

~ 
50 2h 10 20 30 40 

Figure 13. 
(a) A record of the radio 
source Hercules A made 
under exceptionally good 
observing conditions. 
This source is at dec
lination +5?0 and has a 
flux at 10 MHz of 5390 
X 10-2&Wm-2Hz-1. (b) 
A record of a fain ter 
radio source observed 
under scintillation con
ditions. 3C 66, flux = 
735 X 10-26Wm-2Hz-1• 

Figure 13 (b) shows a more typical record of a transit of 
3C 66 showing strong ionospheric scintillation. 
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AN AUTOMATIC MEASURING ENGINE USED FOR 

THE 35-MM FILM FROM THE DECLINATION CIRCLE 
OF THE OTTAWA MIRROR TRANSIT TELESCOPE 

CHRIS MORBEY 

ABSTRACT : An automatic measuring engine has been developed which is capable of measuring the 35-mm filin from the 
declination circle of the Ottawa Mirror Transit Telescope. The accuracy of measurement is within 0.6 micron, which 
represents 0.1 second of arc on the declination circle. The rate of filin measures is approximately four frames per minutes. 

RÉSUMÉ : L'auteur décrit la conception et la construction d'un appareil automatique de mesure du filin de 35 mm. qui 
sert à photographier le cercle de déclinaison du Cercle Méridien à réflexion d'Ottawa. La précision des mesures atteint 0.6 
de micron près, ce qui représente 0.1 de seconde d'arc sur le cercle gradué. La vitesse de mesure du filin est d'environ 
quatre photos à la minute. 

Introduction 
The declination circles of meridian instruments have usual

ly been read with microscopes by an observer (McClenahan, 
et al, 19 51 ). Personal error, tedious observations, and the 
effects of the observer's body heat near the instrument neces
sitated the development of a photographie system which is 
remotely controlled. The concept of the Ottawa Mirror Transit 
Telescope has, from its inception, included a photographie 
system for the declination readout. lt was decided, therefore, 
to develop a device which would measure the graduation lines 
on the filin to the required accuracy. Other observa tories 
(Watts, 1950; Naur, 1958) were engaged in sirnilar activities 
at this tirne and it was decided to use their type of mechanical 
design from the outset. 

A high measurement precision of the graduation lines ne
cessitates a high contrast and sharpness of definition on the 
film. These factors can be realized only if the graduation lines 
on the circle have been engraved with utmost care and illu
minated in the right direction with parallel light. There have 
been difficulties in obtaining a graduated circle with the qual
ities necessary for a photographie system. 

There are several problems in measuring the distance 
between a graduation line inscribed on metal and a reference 
line. The first is the definition of the position of a graduation 
line. A line has two edges which are non-uniformly rough. 
If the roughness of the line can be resolved, the bisection of 
the area describes one definition of the centre of the line as a 
whole. For each section of a line a central line can be defined 
in the same way. The line of centroids along the length of the 
graduation defines a centre which is not necessarily straight. 
In this case, the definition must include another parameter: 
the distance from one end of the graduation. The inscribed 
graduations not only have rough edges but also have rough 
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'valleys'. The light which is reflected from the edges and from 
the inner parts of the graduation marks is therefore scattered 
in various and preferred directions. The position of the line 
is thus partly determined by the illumination. 

A measurement of any graduation includes a reference or 
fiducial line which cannot be made arbitrarily sharp. In the 
case of the transit circle, the fiducial must remain in a fixed 
position relative to the moving graduation. In large instru
ments which are susceptible to temperature changes, expan
sions and contractions occur in the metals and the position of 
the fiducial is subject to error. There are several methods of 
construction and various selections of metals which can de
crease these effects. 

The distance between graduation and fiducial lines can be 
measured with greater precision by magnifying the images of 
both. The defects of the inscribed lines become larger upon 
magnification and there is thus a lirnit to the precision attain
able. Ultirnately the lirnit of precision depends on the sharp
ness of both graduation and fiducial lines. 

- The measuring engine which would provide a readout of the 
distance measures should be easy to operate and, in the philos
ophy of the Ottawa design, should deliver its information to a 
tape punch for computer reduction and to an electric type
writer for editing purposes. The filin should be easy to insert 
so that the same portion of the filin strip is used each tirne. 
Control of the illumination intensity should produce con
sistent results from füm to filin. Since the contrast on dif
ferent füms wil1 be non-uniform, the measuring engine should 
accept a wide range of contrasts. Because of the volume of star 
observations, the engine should provide the output in a short 
time. These considerations have led to an almost completely 
automatic measuring engine. 
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11111 
Figure 1. A typical section of 35-mm declination film (represents a 6X 
magnification of the 30-inch declination circle). The bright middle line 
on each frame is the fiducial mark. The small markings on the side of 
each frame designate the camera number. The filin must be constrained 
in the film carriage so that identical sections of the graduation lines are 
measured on each frame. 

Design Philosophy 
The automatic measuring engine has been designed to 

measure the 35-mm film from the declination circle of the 
Ottawa Mirror Transit Telescope. Figure 1 illustrates a typical 
section of the film. The fiducial line, which is a fine wire 
fixed to a camera, is shown in the figure. The measuring engine 
is designed to provide a position readout of the fiducial line 
and of the adjacent graduation line on one side. When this has 
been completed the filin is automatically advanced and the 
same measures are performed on the next frame. This proce
dure is carried out until there are no more frames left and ail 
action ceases. Additional graduation lines can be measured in 
a semiautomatic fashion so that the scale of the film can be 
determined. 

film 

viewing 
screen 

The engine operates on a phase-sensitive servomechanism 
principle and the output is available in both tape punch and 
typewriter form. The film is illuminated by an incandescent 
lamp which is perpendicular to the film surface (Figure 2). An 
image of the filin is transferred by means of optics to a view
ing screen and to an adjustable slit which is set wider than the 
image of the lines. At the slit, the light is divided and separated 
by a system of three prisms. The prisms are adjusted so that 
two beams are equally intense when the line is centred in the 
slit. The two beams then pass through a chopping wheel which 
cuts the light at a frequency of 60 Hz. The two beams oflight 
then fall on a photocell which produces a signal of 120 Hz. 
This signal is preamplified and fed to a power amplifier which 
energizes the servomotor. The filin carriage which supports the 
filin and the film counter is coupled to the servomotor through 
a system of gear reductions. A complete servoloop is thus 
described. If the line which is being measured is not in the 
centre of the slit the resulting signal from the photocell will 
not be 120 Hz but will develop into 60 Hz. lt is clear then that 
the line, as it is shifted about the centre of the slit position, 
will produce 60 Hz signais which differ in phase by 180 
degrees. If the reference phase of the servomotor is set cor
rectly it will stabilize at the middle of the line. Alternatively, 
the phase of the chopping wheel may be set to coïncide with 
that of the motor. 

A Coleman digitizer which reads the servomotor shaft po
sition to one tenth of a revolution is attached to the servo
drive. The number of counts between two graduation lines is 

1 chopping 
wheel 

incandescent 
lamp 

slit/A 

beam splitte-r 1 1 photocell 

gear 
reduction 

1 

1 ---
servo 
motor amplifier 

1 

Figure 2. Block diagram showing the design philosophy used for the automatic measuring engine. 
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frame 
counter 

1 

digitizer 
1 

1 data (D4PSS-V) 1 
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processor 
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lampbank 

tape punch input readout typewriter input 

unit ,__ command ,__ unit f---

model CCV-20 (switch) model AV -20 

Friden Inc. IBM 

tape punch Typewriter 
model 2 model 82 

au toma tic 
readout 
complete 

control 
unit 

pulse 

Figure 3. Block diagram showing the complete readout system. 

approximately 5,800. The information of the shaft position 
is held in the memory of the data processor (Figure 3) until 
it is scanned by the typewriter and tape punch inputs. After 
completion of the readout the measuring engine advances to 
the next line and the servosystem settles on it and again read
out ensues. The fùm advance motor is actuated and the next 
frame is in position to be measured. 

The mechanical components of the engine are mounted on 
a rigid cast-iron surface. Most of the relays and associated elec
tronics àre located in a separate control chassis. D.C. power is 
supplied by a precisionpower source (HP/6265A) and the A.C. 
power is derived from a stable supply (HP/3907-1 SA). The 
film carriage can hold the fùrn from one of the six declina
tion circle cameras at a time. 

Electrical Description 
A description of the automatic operation of one cycle of 

measurement is as follows (Figure 4). There are four stages of 
operation: (1) return to zero, (2) delay and hunt at zero, 
(3) advance to line, and (4) delay and hunt at line. The se
quence of measuring is started with the fùrn carriage screw 
between the graduation line and the fiducial line. Relay Kl is 
closed after the manual mode is actuated and then the auto
matie mode is initiated. When relay Kl is closed a direct cur
rent goes via the normally open (n.o.) contact of relay Kl-6 
and the normally closed (n.c.) contact of relay K9 to the 
clutch, hence advancing the film. Direct current also goes to 
the delay circuit module. When the 100 µfd. capacitator in 
the film advance module has been charged sufficiently, the 
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unijunction transistor (2N491) fires and breaks the circuit. By 
this tirne the fùm step contact has been actuated and the 
clutch remains in operation until one frame has advanced and 
the step contact has been broken and hence relay Kl3. Relay 
K9 is latched by a 680-ohm resistor until stage one is finished. 
As the fiducial line is approached, relay K8 closes from the 
rising signal at the fiducial line but the 'inhibit near zero' 
cam-operated contact prevents passage of the direct current 
signal. When the fiducial line is reached, relay K5 is ciosed and 
direct current passes the n.o. contact of relay K5-l via the 
n.c. contact of relay K3-5 to the trigger point of relay K2. 
Relay K2 is then latched and relay KI is released. As relay 
K2 closes, the charge in capacitor C 11 escapes into relay KI 1 
closing relay KI 1 momentarily. The contact on relay KI 1 pro
vides a circuit to actuate a 'space command' to the typewriter. 
The servosystem hunts for a balance position while direct 
current goes via relay K2-5 to relay K6; then to the n.c. con
tact of relay K6, and through relay K2-6 to charge the uni
junction transistor capacitor through the 0.25 Meghom variable 
resistor. When the unijunction fires, relay K6 closes, sending 
direct current to the n.o. contact of relay K6 for a few milli
seconds. This latches relay K7 which stays closed for about 
100 milliseconds because of the storage capacitor. Deck one of 
relay K7 sends the readout command to the Coleman digit
izer. The numerical position of the servosystem and the frame 
number is then read out to the typewriter while the tape 
punch receives only the servosystem position. 

The voltage at the emitter of the unijunction transistor 
increases since the direct current through relays K5- l and 
K3-5 restores relay K2; but before the unijunction can refire, 
the 'readout complete pulse' passes through the n.o. contact 
of relay K5-2 to the trigger point of relay K3, latching K3 
hence breaking the relay K3-5 path to the trigger point of 
relay K2. 

The servosystem runs to the graduation line, ignoring the 
rising signal as it leaves the fiducial line, but accepting the 
signal near the graduation line (through the n.c. contact of 
relay Kl-5) which fires stage four. The servosystem hunts for 
a balance position while direct current goes via deck 5 of 
relay K4 to the unijunction tirne delay module as before. This 
tirne the delay is set by the 0.25 Megohm variable resistor in 
deck 6 of relay K4. Again the unijunction fires and readout 
follows. The readout complete pulse relatches relay Kl through 
the n.c. contact thus completing the cycle. As the servo leaves 
the graduation line, direct current from the rising signal is 
blocked by the n.o. contact of relay Kl-5. 

When a readout command is given, the information found 
by the digitizer is stored by the data processor and then the 
typewriter and tape punch inputs scan this information and 
feed it out to the typewriter and tape punch. The frame 
number information is derived from a frame counter and is 
scanned only by the typewriter input (Coleman digitizer 
handbook). 

Precision of Measurement 
There are several factors which directly influence the pre

cision attainable with the measuring engine. The signal at the 
photocell and the resulting signal to the servomotor deterrnine 
the torque which keeps the motor in a balanced position when 
the system is centred on a line. The relative phase of the refer
ence frequency of the servomotor and that of the chopping 
wheel can be set so that the measuring engine settles on the 
centre of a line. An error in this adjustment results in different 
measures for the same two lines at different intensities of filin 
illumination. Scratches near the graduation lines on the decli
nation circle may alter the balance position of the servosystem 
if the resulting marks on the filin lie within the slit width. If 
the film is not held securely in place (Figure 1) large random 
errors will occur. If the film does not have sufficient contrast, 
the servosystem cannot distinguish a line distinctly from the 
background and poor precision results. A nonstable source of 
A.C. effects a jittery balance position and the readout is there
fore not stable. It is most important that the supply voltage 
for the photocell be extremely stable because any irregulari
ties are amplified and fed directly to the servomotor. 

The automatic measuring engine was set up to measure one 
frame repeatedly. Over 33 measurements the standard devia
tion was two units on the measuring engine which is equivalent 
to 0.6 micron on the declination film. The scale of the meas
uring engine unit is 3/58 micron and using this factor the 
uncertainty is 0.1 micron on the declination circle. Because 
the diameter of the declination circle is 30 inches, the equiva
lent angular standard deviation is 0.1 second of arc. 

Listed below are some typical results as delivered by the 
electric typewriter. The same five frames were measured four 
tirnes. 

8701 01 8712 01 8700 01 8697 01 
1679 01 1686 01 1676 01 1672 01 

8697 02 8704 02 8691 02 8690 02 
1683 02 1692 02 1674 02 1673 02 

8669 03 8675 03 8659 03 8661 03 
1758 03 1760 03 1745 03 1749 03 

8730 04 8714 04 8713 04 8704 04 
1808 04 1795 04 1792 04 1786 04 

8791 05 8769 05 8758 05 8758 05 
1906 05 1877 05 1882 05 1876 05 

The accuracy of the measuring engine is not the final posi
tional accuracy of a star in declination. Since the light from a 
star is reflected in the transit telescope mirror, the reading 
errors are doubled. Effects of eccentricity, the nonperpendicu
larity of the circle to the axis of rotation, and first terms of 
the circle's bending are averaged out in the three pairs of micro
scope readings. A complete analysis of the declination errors 
also utilizes information from the collimator measurements. 

The rate of film measurement with the automatic meas
uring engine is approxirnately four or five frames per minute. 
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Discussion 
The present photographie system is working reasonably 

well and a significant improvement has been achieved over the 
manual method; however, there is still a rather long delay 
before results can be tabulated. An improved system would 
observe the declination circle directly and the raw data would 
be available immediately. Photoelectric methods are being used 
at several observatories (Efimov and Otryashenkov, 1960; 
Lausten, 1967). A direct electrical system known as the 
"Inductosyn" (Farrand Controls Inc.) is presently undergoing 
experimental study at Washington (K.lock, 1967). lt is evident 
that the photographie system will have to be superseded by 
another method if any additional significant improvements are 
to be made. Any new system will have to be operated remotely 
and should not interfere with the declination circle in any way. 
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A Study of Ultraviolet Meteor Spectra 

JAN HALLIDA Y 

ABSTRACT- The spectra of one Lyrid and one Perseid meteor are used as the basis for a list of spectral line identi
ficat ions in the ultraviolet range from 3100 to 4000 A. Lines from six neutral atoms and five ions are listed, including 
the first identificat ions of Ti Il and Cr If in meteor spectra. No lines are attributed to Si I or Co 1. An enduring line 
at 3836.5 A was observed between heights of 87 and 75 km in the Lyrid spectrum. No sat isfactory identification for this 
line was found since its association with lines of Fe I or Mg I is considered doubtful. 

R ÉSUMÉ-Le spectre d'un météor des Perséides et d'un autre des Lyrides constituent une base fondamentale per
mettant de dresser une liste afin d'établir l'identité de raies spectrales dans le champ d'activité 3100 à 4000 Â de l'ultra
violet. Les raies de six atomes neutres et de cinq ions comprenant les premières identifica tions de Ti II et de Cr II dans un 
spectre météorique y sont données. Aucune raie n'est décelée de Si I ou de Co 1. On constate une raie persistante à 3836.5 
A entre les hauteurs de 87 et 75 km dans le spectre des Lyrides. Cette raie étant tellement rapprochée de Fe T ou Mg I, 
il semble fort douteux qu'il soit possible de l'identifier de façon satisfaisante. 

Introduction 

A meteor spectrograph designed for photography of the 
ultraviolet spectra of meteors began operation at the 
Meanook Meteor Observatory, Alberta, in 1957. The 
camera employs quartz optics and a 300-line-per-mm 
transmission diffraction grating mounted on a quartz blank. 
The instrument was included in a description of the spectro
graphie equipment at the Meanook and Newbrook Observ
atories (Halliday, 1958). 

Most detailed lists of spectral line identifications in 
meteor spectra are limited at the short-wavelength end, 
near 3650 A, by the transmission of the optics (Millman, 
1956; Halliday 1961, 1963; Ceplecha and Rajchl , 1963; 
Ceplecha, 1966). Two prismatic meteor spectra photo
graphed with the 18-inch Schmidt telescope on Mount 
Palomar were described by Russell (1957). They recorded 
lines down to about 3400 A with modest dispersion but the 
meteors were not particularly bright. 

Observational Material 

This paper presents a list of line identifications in the 
ultraviolet region between 3100 and 4000 A. The identi
fications are based on the spectra of two bright meteors 
supported by other, somewhat Jess detailed spectra. The 

315 

two meteors are a Perseid and a Lyrid and both were 
recorded by several cameras. The basic observational data 
are summarized below. 

Perseid 

A brilliant Perseid was photographed at Meanook and 
Newbrook at 8h 15m 30-S U.T. , August 12, 1963. Two 
spectrograms of this meteor were reproduced recently in 
a paper dealing with meteor-wake radiation (Halliday, 
1968). Exposure U2388 showed extremely good definition 
in the second- and third-order spectra of the À.3700 - 4000 
region; hence it is used as the primary reference in this 
spectral region. The camera focal length was 203 mm, with 
a 400-line-per-mm grating yielding second- and third-order 
dispersions of 60 and 40 A /mm, respectively , on Kodak 
Tri-X Aerecon film. Portions of these orders are repro
duced in Figure 1. 

Lyrid 

The most detailed spectrogram secured with the ultravi
olet quartz spectrograph was produced by a Lyrid meteor at 
6h 57m 388 U.T., April 22, 1966. Six spectrographs recorded 
this bright meteor. The ultraviolet spectrum was on ex
posure VI 990 and is reproduced in Figure 2 with an en-
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Figure 1. Exposure U2388, August 12, 1963. Portions of the second- and third-order spectra. Meteor motion from top 
to bottom. 

larged portion in Figure 3. A rotating shutter with a closed
to-open ratio of 2: 1 occulted this spectrogram 11.2 times 
per second and the most detailed portion of the meteor 
spectrum was produced by a short flare very near the 
bottom end of the next-to-last segment. The spectrum was 
recorded on Kodak spectroscopie 103-0 emulsion on a 
glass plate with a dispersion of 159 A / mm. 

Line lden tifica tions 

The wavelength measurements were performed as in 
an earlier study of Perseid meteors (Halliday, 1961) and the 
identifications, listed in Table 1, also follow the same 
pattern. Successive columns list the measured wavelength, 
the identification of the atom or ion with the multiplet 
number from Moore's (1945) tables, and the laboratory 
wavelengths of those lines which are considered to be 
significant contributors to the feature. From 3118 to 3665 
A the measures are based on plate VI 990; from 36 79 to 

4001 A exposure U2388 was used . Most of these measures 
are from the third-order spectrum but some twelve features 
were detected only in the stronger second order and these 
are indicated by a II in the final column. 

Discussion of Identifications 

Table I lists 82 separate features and the identifications 
involve 50 multiplets of 11 different atoms or ions. These 
multiplets are listed in Table 2. As in previous cases some 
of these multiplets are involved only in blended features 
and Table 3 lists 17 multiplets for which the identification 
is considered doubtful. None of the eleven atoms or ions 
in Table 2 would be removed from the list if ail the doubtful 
multiplets were discarded. 

Brief comments follow on each atom or ion involved 
in the identifications. 

Mg I. Multiplet 3 is prominent and well resolved. 
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Figure 2. Exposure Vl990, April 22, 1966. Letters indicate lower ends of meteor segments. Meteor motion from bottom to top. 
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TABLE 1. M EASURED W A VELENGTHS AND IDENTIFICATIONS 

À me.ai Atom or Ion Mult. À lob Order À m~a i Atom or Ion Mult. À lob Order 

3118-3 137 Cr II 5 3118. 7 3607.2 Fe I 23 3608.9 
3120.4 Crl 4 3605.3 
3125.0 3619.0 Fe I 23 3618.8 

Nil 35 3619 .4 
3128.7 3631. 8 Fe I 23 3631 .5 
3132.1 Ca I 9 3630.7 
3136.7 3646.1 b Fe I 23 3647.8 

Ca I 9 3644.4 3157 .8 Ca II 4 3158.9 3665.6 Ni I 4 3664.1 
3170.0 Fell 6 3170.3 3670.4 
3180.0 Ca II 4 3179.3 3679.9 Fe I 5 3679.9 Il 

3181.3 3686.7 Fe I 21 3687.5 Il 
Fe I 155 3180.2 Fe I 385 3686.0 

3695.5 Fe I 394 3694.0 II 
3195 .4 b Fe I 7 3193.2 3705.7 Fe I 5 3705.6 

Fe I 155 3196.9 Ca Il 3 3706.0 
Fe II 6 3192.9 3709.1 Fe I 21 3709.3 II 

3714.5 Cr II 20 3715.2 II 3193.8 3719.8 Fe I 5 3719.9 
Fe II 7 3196.1 3727.7 Fe I 21 3727.6 II 

3213.6 Fe I 7 3214.4 3734.8 Fe I 21 3734.9 
Fe I 158 3212.0 3737. l Fe I 5 3737.l 

Ca II 3 3736.9 Fe II 6 3213.3 3745.6 Fe I 5 3745.6 
3228.3 Fell 6 3227.7 3745.9 
3236.4 Ti II 2 3234.5 3748.6 Fe I 5 3748.3 

3236.6 Fe I 21 3749.5 
3753.7 Fe I 73 3753.6 II 3239.0 Cr II 20 3754.6 

Fe 1 7 3236.2 3758.9 Fe I 21 3758.2 
3258.0 Fe II 1 3255.9 3763.2 Fe I 21 3763.8 

Fe II 81 3258.8 3766.9 Fe I 21 3767.2 Il 
3787 .4 Fe I 21 3787.9 Il 3259.0 3795.0 Fe I 21 3795.0 

3276.1 Fell 1 3277.3 3798.9 Fe I 21 3798.5 
3362.8 Ca I 11 3361.9 3799.5 

3362.1 3806.0 Fe I 607 3806.7 II 
Fe I 608 3805.3 Ti II l 3361.2 3815 .9 Fe I 45 3815.8 

Cr II 21 3360.3 3820.3 Fe I 20 3820.4 
3370. 7 b Ni I 6 3369.6 3824.3 Fe I 4 3824.4 

Ti II 1 3372.8 3825.6 Fe I 20 3825.9 
3827.9 Fe 1 45 3827.8 Cr II 4 3368 .1 3829.2 Mgl 3 3829.4 

3385.1 b Till 3383.8 3832 .5 Mg I 3 3832.3 
3387.8 3834.2 Fe I 20 3834.2 

Cr li 3 3382.7 3838.4 Mgl 3 3838 .3 
3840.8 Fe 1 20 3840.4 3410.3 b Fe I 83 3407.5 Fe I 45 3841.1 

Fe I 85 3413.1 3846.0 Fe I 124 3845 .2 II 
Ni I 19 3414.8 Fe I 664 3846 .8 
Cr Il 3 3408 .8 3849 .9 Fe I 20 3850 .0 

3856.3 Fe I 4 3856 .4 3424.2 Cr II 3 3421.2 Si Il 1 3856 .0 
3422.7 3859.8 Fe I 4 3859.9 

3440.8 Fe I 6 3440.6 3862.7 Si II 1 3862.6 
3441.0 3865.2 Fe I 20 3865.5 

3872 .5 Fe I 20 3872.5 
3443.9 3878.5 Fe I 4 3878.6 

3462.6 Fe I 6 3465.9 Fe I 20 3878.0 
Nil 17 3461.7 3886.5 Fe I 4 3886.3 

3475.2 Fe I 6 3475.4 3888.6 Fe I 45 3888.5 
3895.8 Fe I 4 3895.7 

3476.7 3899.8 Fe I 4 3899 .7 
3491. 7 Fe I 6 3490 .6 3903 .2 Fe I 45 3902.9 

Ni I 18 3493.0 3906.3 Fe I 4 3906.5 
3523 .4 Fe I 6 3526.0 3920.5 Fe I 4 3920.3 

Fe I 24 3521 .3 3923.3 Fe I 4 3922 .9 
Ni I 18 3524.5 3933.7 Ca II 1 3933 .7 

3541.4 Fe I 326 3541.1 3944 .8 Al I 1 3944 .0 
3542.1 3956.5 Fe I 278 3956 .7 

3568.6 Fe I 24 3565 .4 3961.8 Al I 1 3961.5 
3570. l 3968.6 Ca II 1 3968 .5 

Ni I 36 3566.4 Fe I 43 3969.3 
3582.4 Fe I 23 3581.2 3996 .9 Fe I 278 3997 .4 
3593.6 Cri 4 3593.5 4001 .7 Fe I 72 4001.7 

b--Feature noticeably broad. 
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TABLE 2. MULTIPLETS IDENTIFIED I TABLE 1 

Mgl 3 
Al 1 
Si Il 
Cal 9, 11 
Ca II 1, 3, 4 
Ti II 1, 2 

TABLE 3. DOUBTFUL MULTIPLET IDENTIFICATIONS 

Cr II 4, 20, 21 
Fe I 7, 72, 73, 83, 85, 124, 158, 326, 385, 607, 608 
Ni I 6, 35, 36 

Al /. Multiplet 1 is present in the Perseid spectrum. 
lt has been observed previously but may often be obscured 
by the effects of overexposure of the H and K lines of Ca 
Il. 

Si JI. Multiplet 1 is a rather weak contributor in the 
Perseid spectrum. 

Ca /. Two multiplets appear to be present and both 
would be expected on the basis of a comparison with 
other multiplets of Ca I normally observed in the visual 
region. 

Ca II. Multiplet 4 is a definite con tri butor at ÀÀ.3158 
and 3180. Multiplet 3 is blended with lines of Fe I white 
multiplet 1 (the H and K lines) is the strongest multiplet 
in the spectrum. 

Ti JI. This appears to be the first identification of 
titanium in meteor spectra. Two multiplets of Ti II con
tribute to four features although the strongest line of Ti II, 
at 3349 A, is unfortunately obscured by the zero-order 
image of 77 Ursae Majoris. 

Cr I. Multiplet 4 is present although its strongest 
member is too close to an ultimate line of Fe I to be ob
served directly. 

Cr JI. Severa! multiplets of Cr II are definite or prob
able contributors. The shortest wavelength observed is a 
broad feature from approximately 3118 to 3137 A, attributed 
to multiplet 5 of Cr Il. 

Fe l. Many multiplets of Fe I are observed although 
they are not prominent in the 3100 to 3400 A region. 
Numerous weak multiplets of Fe I are included in the 
li st of doubtful identifications. 

Fe II. A few multiplets of Fe II are the major con
tributors to several features near the short-wavelength end 
of the list. 

Ni l. The identification of Ni I is difficult with the 
dispersion of these spectrograms since it has no outstand-

Crl 4 
Cr Il 3, 4, 5, 20, 21 
Fe I 4, 5, 6, 7, 20, 21, 23, 24, 45, 72, 73, 83 , 85 , 124, 155, 158 , 

278,326,385,394, 607,608, 664 
Fell 1,6,7, 81 
Ni I 4, 6, 17, 18, 19, 35, 36 

ing lines and is frequently involved in blends with lines of 
Fe I. However, several multiplets of Ni I appear to be 
required to explain the intensities of some of these blends. 

The apparent absence of certain lines from these 
spectra is worth noting. Exposure U2388 (the Perseid) shows 
no indication of the strong line of Si I at 3905.5 A. A weak 
feature at 3906.3 A is identified with a weak member of 
multiplet 4 of Fe I at 3906.5 A. The dispersion of the third
order spectrum makes this identification secure and there 
is thus some reason to doubt whether lines of Si I have 
previously been observed in other spectra of inferior dis
persion. 

No lines are attributed to cobalt in Table I. lts ulti
mate line, at 3453 A, would not be confused by other lines 
on plate Yl990, hence it must be an extremely weak con
tributor. Previous identifications of cobalt were by Russell 
(1957) who recorded a line at 3452 A in one of the two 
spectra to reach this wavelength and by Ceplecha and 
Rajchl ( 1963) and Ceplecha (1966), who measured a line 
at 3894 A which they identified with Co I, 34. They in
cluded a few other lines of Co I as possible contributors to 
some blends. 

Endurin~ Radiation in the Ultraviolet 

Jn a recent paper (Halliday, 1968) many of the multi
plets commonly observed in meteor spectra were divided 
into five classes on the basis of their duration at a given 
point on the meteor trail. Class I multiplets decay very 
quickly and are not observed in meteor wakes. At the other 
end of the scale, the forbidden line of O I at À.5577 was the 
only entry in class V while class IV contains seven inter
system multiplets of low excitation which are normally 
enhanced in the wake spectrum. lt was stressed that the 
observed intensities of wake lines may be strongly affected 
by the phasing of a rotating shutter relative to a particular 
flare and also by the orientation of the trail. Wake lines are 
enhanced when observed near the radiant of the meteor 
trail because of the increased path length containing the 
excited atoms. 

The meteor of Figure 1 is the same Perseid used as the 
basis for classifying multiplets into the five classes. Ex
posure U2388, which provided the superior definition in 
the 3700 - 4000 A region of Table 1, was taken with 
camera U which does not have a rotating shutter. Jt thus 
records the integrated intensity of ail lines and does not 
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discriminate against any of the duration classes. The 
intense flare of this meteor was more than 70° from the 
Perseid radiant at both observing stations so no enhance
ment is expected from the orientation of the trail. This 
flare occurred in the height range from 84 to 83 km above 
sea level. 

The lines identified in the more distant ultraviolet, 
from the Lyrid spectrum, came from a short flare close to 
the bottom of a segment, at a height of 76 km. The camera 
was occulted only 4 milliseconds after the flare (position 
G in Figure 2) hence the intense spectrum is relatively pure 
meteor-head radiation. Any class IV multiplets would be 
virtually excluded from the spectrum by the rotating 
shutter. As seen from Meanook this flare was 48° from the 
Lyrid radiant so again Jittle or no enhancement due to 
trail orientation is involved. 

The table classifying the duration of multiplets in
cludes four multiplets of Fe I and one of Ca JJ between 
ÀÀ3700 and 4000. The ultraviolet Lyrid spectrum produced 
only one addition to the table - a puzzling feature at 
3836.S A. Figures 2 and 3 show this feature most clearly 
just below the intense flare until it is obscured by the over
lapping first-order spectra of the stars A/cor and Mizar. 
Careful measures at nine positions on the line in the 
occulted portion of the spectrum below the flare were made 
to establish this wavelength. Extrapolation of the wave
length positions below the flare was assisted by the pre
sence of measurable H and K lines in a final segment at 
73 km height (position H of Figure 2) superposed on the 
spectrum of Mizar. On original prints of the spectrogram 
the line can be traced completely through the occulted 
portions of the spectrum in the four breaks preceding the 
segment with the flare, up to an atmospheric height of 87 
km (position C of Figure 2) and down to 75 km where the 
stellar spectra in terfere. 

This feature is difficult to identify. The meteor was also 
photographed with cameras 10 and ISO, two of the jump
ing-film spectrographs (Halliday and Griffin, 1963). These 
cameras do not have rotating shutters and reveal that the 
flare recorded by camera V was followed almost im
rnediately by a longer flare of similar intensity and then by 
a general decline in brightness during the remainder of the 
trail. The enduring line at À3836 follows this intensity 
variation closely and is insensitive to the relatively long 
occulted period (59 milliseconds) just below the flare 
observed by camera V. In other words its behavior is 
similar to the forbidden oxygen line at 'A.5577 and belongs 
in class V as a long-enduring feature. 

The straightforward identification of the feature is to 
attribute it to Mg I, 3, an unresolved multiplet on this dis
persion, with three of its five components well resolved in 
the Perseid spectrum, as listed in Table l. Millman (1950) 
observed a rather similar line in the first spectrogram to 
show an appreciable wake or train spectrum and listed 
both the magnesium and iron multiplets as the identifica-

tion . There is now substantial evidence available on normal 
meteor wakes and it may be profitable to consider multiplets 
1, 2 and 3 of Mg I. The peculiar line in the Lyrid spectrum 
is not due to Fe I since other, stronger lines would then be 
observed. 

Multiplet l of Mg l is a low-excitation, intersystem 
line at 4571 A, usually present in a strong meteor wake 
and it is one of the class IV multiplets. The upper level of 
multiplet I is also the lower level of multiplets 2 and 3. 
Multiplet 2 has an excitation of 5.09 ev for the upper state 
and its strongest line, at SI 83 A, is often well resolved from 
other lines. The other two lines, near 5170 A, are usually 
blended with strong wake lines, of class IV, from Fe I, 1. 
Multiplet 3 of Mg I requires an excitation of 5.92 ev and, 
on low dispersion, is blended with multiplets 4 and 20 
of Fe I. In the normal wake spectra of strong flares 'A.5183 
of multiplet 2 is present but decays rapidly, typical of class 
II, which is in keeping with its high excitation energy for a 
wake line. Multiplet 3, with its higher excitation, would be 
expected to decay even more rapidly but might still be a 
class II multiplet. The presence of the lower-excitation 
Iines from Fe I in the wake makes this difficult to check. 

The spectrogram of the Lyrid mcteor from camera 150 
shows that the film jumped three times during the flight 
of the meteor and at these locations on the trail it is pos
sible to search for wake radiation recorded as an apparent 
upward extension of a given line above the jump. One of 
the jumps was near a height of 87 km (the upper Iimit at 
which 'A.3836 was observed in the wake on camera V) and 
camera 150 shows no trace of wake radiation at this loca
tion, including Mg J, 2 at 'A.5176. The instrumental trans
mission of this camera at 'A.3836 is not great so the absence 
of this line as a wake feature on the spectrogram from 
camera 150 is understanda ble. 

A search was made for molecular features which might 
explain the wake line observed by camera V. The Schu
mann-Runge band system of 0 2 inctudes a band head at 
3840.6 A but other members of the system should also be 
observed if this were the proper identification. 

The measured wavelength of 3836.5 A for the enduring 
line should not be in error by much more than I A on this 
dispersion. The observed position is within the 9 A interval 
covered by the Mg I , 3 multiplet but from the intensity 
values given in different identification tables the expected 
position of the unresolved multiplet would be 3834.5 A. 
The discrepancy of 2.0 A is sufficient that the wavelength 
can not be interpreted as strong support for the identifica
tion with Mg I, 3. 

In summary, then, an enduring feature observed at 
'A.3836.5 between heights of 87 and 75 km in the wake 
spectrum of a Lyrid meteor can not be identified with 
confidence at present. Its behaviour suggests an origin 
associated with some atmospheric constituent, an associa
tion which is strengthened by the fact that most bright 
meteors do not show an enduring line at this wavelength. 
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An identification with Mg I, 3 remains a possibility but is 
not supported by the normal behaviour of various lines of 
Mg 1. 

Future Observations 

The spectral lines identified in this study can almost 
certainly be supplemented by other lines when brighter 
meteors are photographed with existing spectrographs. 
From the substantial number of blended features in Table 
1 evidently higher dispersion would also improve the list 
of identifications, especially for lines from inconspicuous 
a toms such as Ni l or for determining the presence of atoms 
such as Co I. 

Severa! of the multiplets already identified in these 
spectra should be contributors to normal wake spectra 
when an intense flare occurs just before the camera is 
uncovered, rather than just before it is occulted as in 
Figure 3. A careful search should be maintained for addi
tional instances of the persistent feature at À.3836 and here 
again an improved dispersion could assist in the problem 
of its identification. 
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THE 22.25 MHz RADIO TELESCOPE AT THE 
DOMINION RADIO ASTROPHYSICAL OBSERVATORY 

C .H. COSTAIN, J.D. LACEY and R .S. ROGER 

ABSTRACT - Radio telescopes of the T and Cross configurations are compared and their relative merits discussed. 
A large T array built at the Dominion Radio Astrophysical Observatory for radio astronomical observations at 22.25 

MHz (X= 13.5 m) is described. It consists of 624 full-wave dipoles above a reflecting screen 65,000 m2 in area. The dipoles 
are arranged in an east-west section of dimensions 96X X 2.5X and in a north-south section 32.5X X 4X. The instrument has 
a pencil-beam response of 1~ 1 X 1~7 at the zenith. Simultaneous observations at five adjacent declinations are made with a 
time-sharing technique. 

Observations commenced in 1965 and will provide flux density measures for 400 to 500 radio sources down to a 
limiting flux density of 30 X 1 o--i6wm - 2Hz -i . A map of the galactic background radiation from the sky north of-20° 
declination is being prepared. 

RÉSUMÉ - Les auteurs passent en revue les radiotélescopes constitués de réseau en forme de Tet de réseau croisé et 
présentent les avantages de chacun. 

Ils décrivent un grand réseau en forme de T construit à l'Observatoire fédéral de radio-astrophysique et destiné à des 
observations astronomiques sur la bande de fréquences de 22.25MHz (À= 13.5 m). Le réseau est constitué de 624 dipoles à 
onde complète placés au-dessus d'un écran réflecteur d'une superficie de 65,000 mètres carrés. Les dipôles sont disposés sur 
un aérien orienté en direction est-ouest et de dimension correspondant à 96À sur 2. 5À et sur un autre aérien en direction 
nord-sud de dimension correspondant à 32.5X sur 4X. La réponse du lobe principal est de 1~ 1 sur 1~ 7 au zénith. On peut 
procéder à des observations simultanées à cinq déclinaisons adjacentes grâce à une technique de partage du temps. 

Les observations ont commencé en 1965 et elles fourniront des mesures de la densité de flux pour 400 à 500 
radiosources à partir d'une densité de 30 X 10-26wm-2Hz- 1

. On prépare pour tout l'hémisphère boréal du ciel et jusqu'au 
20e degré de déclinaison sud une carte des émissions continues de la galaxie. 

Introduction 

Instrumental development in radio astronomy has been 
directed primarily towards the achievement of systems of high 
resolving power. With the great improvements in high
frequency receivers and antennas, the trend at most observ
atories has been towards the use of higher and higher 
frequencies where adequate resolving power may be obtained 
with structures ofmoderate size. Apart from the pioneer work 
of Shain (1958, 1961) there has until recently been a relative 
neglect of the low-frequency end of the radio astronomy 
spectrum. 

Observations at low frequencies are, of course, required to 
extend our knowledge of the radio spectra of ail sources of 
radio emission . Sorne studies, however, such as the exarnina
tion of the complex structure of the galactic continuum 
radiation , are best carried out at the longer wavelengths where 
the intensities are very high. The low-frequency radio tele
scope is the most sensitive detector of the diffuse clouds of 
ionized hydrogen which appear in absorption against the 
bright galactic background (see Figure 12). 

When the present instrument was planned, the largest 
low-frequency array in the northern hemisphere was the 38 
MHz Moving-T at the Mullard Radio Astronomy Observatory, 
Cambridge (Costain and Smith , 1960). An operating frequency 
near 20 MHz was therefore desirable to extend spectral 
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measurements about an octave. The choice of 22.25 MHz (X= 
13.5 m) was made after a careful study of the incidence of 
radio interference in nearby bands. 

Because of the almost complete absence of previous 
measurements at this frequency, it was decided to build a 
general purpose telescope sirnilar to the Mills Cross (Mills, et 
al., 1958). In these systems, the voltage outputs of two long 
thin orthogonal arrays are multiplied together to produce the 
desired 'pencil-beam' response. The 22 MHz instrument is, in 
fact, a T-shaped array. The 96X X 2.5X east-west arm and the 
32.5;\ X 4X north-south arm combine to provide a response 
of 1~ 1 X 1~ 7 at the zenith. 

Severa! large interferometer systems, as opposed to pencil
beam instruments, are now being used to study small-<liameter 
radio sources at low frequencies : the 26.3 MHz compound 
grating interferometer at Clarke Lake, U.S.A. (Erickson, 
1965), and the broad-band arrays (10-25 MHz, 20-40 MHz) in 
the U.S.S.R. (Bazelyan, et al., 1965; Brouk, et al., 1967). The 
extremely favourable observing conditions encountered during 
early observations with parts of the 22 MHz array, prompted 
the decision, late in 1963, to build a sirnilar instrument to 
operate at a frequency near 10 MHz (Galt, et al., 1967). These 
arrays at the Dominion Radio Astrophysical Observatory are, 
at present, unique facilities in this frequency range in that they 
also permit observations of the extended features of the 
Galaxy. 
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This paper is devoted to a discussion of T-shaped antenna 
systems and a detailed description of the design and perform
ance of the 22.25 MHz array. Brief descriptions of the 
instrument have appeared elsewhere, (Costain, 1962; Galt and 
Costain, 1965). 

The T-Configuration 

The equivalence of "perfect" Cross and T system has been 
discussed in detail elsewhere (Blythe, 1957; Ryle and Hewish, 
1960; Mills, 1963). lt can be easily demonstrated by reference 
to Figure 2(a). Sin ce the output of a Tor Cross is the product 
of the outputs of the two orthogonal arrays, the only relevant 
spacial components are those between the elements of one 
array and those of the other. It may be seen that al! element 
spacings and orientations present in the uniform aperture are 
contained in the Cross and T, with each component appearing 
twice in the Cross configuration ( c.f. the arrows in Figure 
2(a)). The L-configuration, where a further arm of the Cross 
has been removed, does not contain al! necessary element 
orientations. With an appropriate weighting of the elements, 
the Cross or T can precisely duplicate the response beam of 
the uniform aperture. However, rather than discard half of one 
arm of the Cross with the resultant Joss in sensitivity, the 
alternative arrangement shown in 2(b) where the elements of 
the south arm are placed to provide a north-south arm of twice 
the width, may be used and is identical in both resolving 
power and sensitivity to the Cross. It is this T -configuration 
which will be considered in subsequent discussion. 

Both systems are, of course, unfilled apertures and as such 
are Jess sensitive than the uniform aperture of equivalent 
resolving power. Ryle and Hewish (! 960) have expressed this 
effect in terms of an efficiency parameter E, which is the ratio 
of the effective collecting area of the system Aeff to that of 
the equivalent uniform aperture A. For the T-configuration 
shown in Figure 2(b ), this is given by 

(1) 

where Ta is the aerial temperature (neglecting losses) obtained 
when the system is used to observe a region of uniform 
brightness, Tb. The major design parameters, therefore, for a 
given resolution, are the array widths d I and d 2 , with the 
optimum values being those which ensure that the system has 
sufficient sensitivity to reach the confusion Jimit for point 
source observations. 

Most practical systems employing the T -configuration have 
used it as an interim phase in the development of a Cross 
system (Bracewell and Swarup, 1961) or have used the 
aperture synthesis technique (Blythe, 19 57; Costain and 
Smith, 1960; Crowther and Clarke, 1966). Discussion has 
centred largely on the sensitivity of the T to errors in the 
excitations of the array elements (Mills, 1963). However, the T 
offers some unique advantages over the Cross which merit 

serious consideration. The T-configuration of Figure 2(b) is 
superior to the Cross in three respects: 

1. The number of phasing switches, multibeam elements, 
preamplifiers, cables, etc., needed for the north-south arm is 
reduced by half. 

2. The extent in hour angle over which the side-Jobes of 
the east-west array are significant is reduced by half because of 
the increased width of the north-south array. 

3. The maximum north-south dimension required at the 
antenna site, for a given beamwidth, is also reduced by half. 

Il 
D _____j D-

(a) 

Figure 2. (a) Apertures of equal resolving power. (b) A T-configuration 
equivalent to the Cross in both resolving power and sensitivity . 

Perhaps the major advantage of the T -configuration lies in 
the econornies that result from halving the feeder and phasing 
arrangements of the north-south array. As mentioned above, 
for reasons of sensitivity, the area of the north-south array and 
therefore the cost of the basic structure, are Jikely to be 
similar in the T and Cross systems. The phasing and multibeam 
arrangements necessary to provide beam scanning in declina
tion, however, remain a major cost factor and perhaps the 
most difficult engineering problem in the design of large 
arrays. For any large instrument, it seems Jikely that a monitor 
system to maintain the accuracy of the excitations of the 
north-south array can be installed for a small fraction of the 
cost of duplicating the en tire north-south feeder system. 

The side-lobes of unfilled apertures such as the Tor Cross 
are always troublesome because these instruments are used to 
examine a universe populated with many bright radio sources. 
The side-Jobes in hour angle are reduced to negligible values at 
angles beyond the first zero of the east-west response of the 
north-south array. The reduced angular extent of the hour 
angle side-lobes rnitigates, to a large extent, the slightly larger 
declination side-lobes discussed below. 

The T is inferior to the Cross in its greater sensitivity to 
errors in the excitations of the elements of the north-south 
array. These errors produce spurious side-lobe responses in 
declination and may be divided into two classes, random and 
systematic, whose effects are considered separately. 
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Errors in measurement in the adjustment of the excitations 
will result in random errors in amplitude and phase . In general , 
these errors will have a mean value of zero and rrns values 
dependent to a large extent on the time and effort expended 
to reduce them. For a given rms error , the T system would be 
expected to have a declination side-lobe level v 2 larger simply 
because only half the number of independent elements are 
used (Mills , etal., 1958). 

A more serious effect results from a systematic differential 
phase shift between the north-south and east-west arrays . This 
is illustrated in Figure 3 which shows the asymmetric 
side-lobes and the 0.14 beamwidth collimation error due to a 
gross differential phase error of 20°. Avoidance of this type of 
error requires some sort of system to monitor the differential 
phase. This is easily accomplished by the injection of a test 
signal into the overlap region common to both arrays. 

The Central Overlap Region 

One of the design problems in T and Cross systems is 
encountered in the region where the two arms intersect. In the 
original Mills Cross (Mills, et al., 1958), the central dipoles of 
the east-west arm were removed. This results in a negative 
system response , elongated in the east-west plane. A portion of 
the output of the north-south arrn, which had a similar though 
far from identical response , was added as compensation. 
Although this method worked well for a uniform background 
or point sources, it was subject to large errors when the system 
was used to observe intermediate broad components such as 
those encountered near the galactic plane. 

A different technique, which offers a much more satis
factory solution, positions the elements in the overlap region 
so that they may be considered to be part of either array. 
Their outputs are divided with hybrid networks and are fed , 
with the appropriate weighting, into the feeder systems of 
both arrays. The output of the system then contains spacial 
Fourier components down to zero spacing and therefore 
precisely reproduces a pencil-beam response. 

This method was used with the l O MHz and 22 MHz arrays 
at the Dominion Radio Astrophysical Observa tory . 

The 22.25 MHz Array 

General Description 
The 22.25 MHz array is located near Penticton, British 

Columbia, Canada, at the Dominion Radio Astrophysical 
Observatory (longitude = 119°37'08"W; latitude 
49° 19' 14"N). It is a T-shaped array of 624 full-wave dipoles ; 
368 in the E-W arm, 240 in the N-S arm, and 16 common to 
both arrns. The dipoles are polarized in the E-W direction. A 
full reflecting screen ( are a ~ 65 ,000 m 2 ) is mounted À/8 
below the dipoles and the entire structure is supported on a 
grid of 1698 wooden pales. The plane of the array was 
adjusted for the best average fit to the terrain . It was therefore 
necessary to skew the axis of the array slightly from the E-W 
direction in order that the axial plane of the E-W arm pass 
through the north celestial pole . The dimensions of the system 
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Figure 3. The declination polar diagram of a T with differential phase 
errors of 0° (solid line) and 20° (dashed line). 
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Figure 4. A schematic diagram of the 22.25 MHz array. 

are shown in Figure 4 and Figure 1 is a photograph of the 
array taken from the east. At the zenith, the instrument has an 
elliptical beam with half-power widths of 1 ~ 1 in hour angle 
and 1 ~ 7 in declination. 

The outputs of the E-W and N-S arms are carried by 
coaxial cables to preamplifiers located at the centre of each 
arm and from there to the main observatory building. The 
signais are then amplified and correlated using the standard 
phase-switching technique. They are then integrated, digitized 
and punched on cards. 

The array can be phased north and south of the zenith 
along the meridian . This phasing to any declination is 
accomplished by means of remotely-controlled switches 
operated from the main observatory building. A rapid-phasing 
network operating on a time-sharing basis, provides quasi
simultaneous observations of five adjacent declinations. 

At 22 MHz, the mean sky brightness temperature of the 
order of 30,000° K completely dominates the receiver noise . 
Lasses of 10 db may be tolerated with negligible deterioration 
in signal-ta-noise , perrnitting the use of inexpensive coaxial 
cable for the bulk of the feeder system and the use of resistive 
attenuators for the grading of the aperture . 

The array has an efficiency, as defined by Equation (1) , of 
approximately 10 per cent , a value considerably higher than 
that usually employed (Shain , 1958; Mills, et al. , 1958). The 
effective collecting area of the instrument is therefore 

Aeff ""' 30,000 m2 ( 2) 
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This efficiency permits observation of areas of low surface 
brightness away from the galactic plane . The collecting area is 
more than adequate for the detection of sources with flux 
densities near the confusion limit of S = 33 X 
10- 26wm- 2 Hz-1 (1 source per 20 beam areas). Under ideal 
observing conditions, the system is capable of providing flux 
density measures for approximately 600 radio sources. 

Basic Element 
The basic element in the array consists of two full-wave 

dipoles "'A/8 above the reflecting screen (see Figure 5). A 
broad-band dipole (impedance 2000 ohms resistive) was 
constructed from two loops of wire . A vertical twin line 
couples the dipole to the feeders below the reflecting screen. A 
X/4 shorted stub and a "'A/4 transformer permit adjustment of 
the impedance to 400 ohms. Sections of 400-ohm line couple 
the two adjacent dipoles and the resultant impedance of 200 
ohms is converted to 50 ohms with a coaxial balun trans
former. Slightly different matching transformers were required 
for the dipoles in the interior and exterior rows of each array 
to compensate for the different mu tuai impedance effects. 

WOODEN POLES 

REFLECTOR SCREEN 

MATCHING SECTION 

- ½---
1 

~ 

Figure 5. The basic element of the array. For simplicity, only one of 
the two full-wave dipoles is shown. 

A 

The Reflecting Screen 
The ground plane of the array is accurately defined by a 

full reflecting screen which extends "'A/2 beyond the dipoles in 
the N-S direction. lt consists of fine galvanized steel wires 
aligned parallel to the dipoles and spaced "'A/22 apart. The area 
of the reflecting screen is approximately 65,000 m2 • The 
screen is supported by heavy guy wires which also serve to 
accurately position the self-supporting wooden poles. 

The East-West A"ay 
In the E-W arm, the elements are arranged in four rows. 

Each row has three groups of 32 full-wave dipoles, The rows 
are spaced X/2 apart, and to permit phasing in the N-S 
direction, each row has its own feeder system as shown in 
Figure 6. To preserve the bandwidth of the system, a binary 
branching (Christmas tree) feeder network is used throughout. 
This provides an identical cable path of about 62\; from each 
dipole to the central junction. Of this length, 50\; is 
composed of phase-stable coaxial cable. At each junction, a 
coaxial matching section converts the impedance to 50 ohms. 
The coupling of the four rows in the N-S plane is also done 
with a branching network with phasing switches (see section 
on 'The Phasing System') installed at each junction. Originally 
this was done only at the centre of the array. More recently, to 
reduce system losses, a branching network and phasing 
switches were placed at points shown at A in Figure 6. The 
three sections of the array are then coupled to the central 
point with single lengths of Jess lossy cable. 

Systems such as the T or Cross require a severe apo
dization of their apertures to reduce side-lobe responses. 
The excitation fonctions used are shown in Figure 7. For 
convenience, a common grading attenuator is used for each 
group of four dipoles (positions shown with X 'sin Figure 6). A 
uniform illumination is used in the N-S plane. The grating 
responses that would normally result from this staircase 
fonction fall on the zeros of the response of the 4X aperture of 
the N-S array. This excitation fonction gives the E-W arm a 

Figure 6. The feeder system for one row of the E-W array. The system is symmetrical about the dashed line. The diamonds 
indicate the hybrid networks which permit the dipoles in the overlapping region to be shared by both arrays. Grading 
attenuators are shown as X's. 
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voltage response with a half-width of 1 ~ 1 in hour angle , a 
negative first side-lobe of l per cent, and remaining side-lobes 
Jess than 1 per cent. 

When the E-W arm is used by itself in a total power 
system, it has a half-power beamwidth of 0~ 8 by 26° at the 
zenith. 

The North-South A"ay 
The N-S arm consists of 64 rows spaced À/2 apart, each 

with four full-wave dipoles. The four dipoles are coupled 
together and each row is then connected into the N-S feeder 
system shown in Figure 8. The total cable path to each dipole 
is made up of the same length and type of cable used in the 
E-W array to eliminate differential temperature effects. 

To point the beam of an array employing a branching 
feeder system, the relative phases must be altered at each 2: 1 
junction. The phasing system is discussed in detail in the 
following section. However, the phasing of adjacent rows also 
imposes impedance matching problems because of the large 
mutual coupling at the À/2 spacing. 

When the relative phase of two adjacent rows was rotated 
through 360° , the junction impedance traced out an approxi
mate cardioid pattern on a Smith impedance chart. By 
adjusting the dipole matching transformers and the lengths of 
cable between the dipoles and the junction, it was possible to 
arrange the pattern very close to the unit circle for all phasings 
except those corresponding to extreme zenith angles . There
fore, a single reactive stub for each phase increment was 
sufficient to make the junction impedance resistive with a 
maximum VSWR of 1.3. Because of circuit losses, further 
concessions to mu tuai effects at succeeding junctions were not 
required. 

The aperture illumination of the N-S arm is uniform in the 
E-W plane and follows the fonction given in Figure 7 in the 
N-S plane . The zero order component from the overlap region 
of a T-configuration must appear with half the weight of the 
higher order spacial components to reproduce the component 
weighting of a uniform aperture . The computed voltage 
response for this fonction has a half-width of I ~ 7 sec Z, where 
Z is the zenith angle. The first side-lo be is - I per cent and all 
remaining side-lobes are Jess than 1 per cent. 

When used alone as a total power array, the N-S arm has a 
response with a beamwidth in declination of 2~ I sec Z and 
broad, low-level wings. The E-W beamwidth is 14°. 

Initially, the desired illumination was achieved with 
resistive attenuators . In a recent modification coincident with 
the installation of the rapid-phasing switches described in the 
following section, a combination of attenuators and coaxial 
power dividers at the major junctions was used to achieve the 
same excitation with Jess over-all attenuation. 

The Phasing System 
As mentioned previously , the phasing of a branching 

feeder network requires the installation of a phasing switch at 
each ~unction. The main phasing system of the 22 MHz array 
employs three switches in the E-W arm and 63 switches in the 
N-S arm. 

The phasing switches have 16 positions, each position 
corresponding to the insertion of an independent length of 
cable. The use of independent lengths of cable permits the 
introduction of a unique matching stub for each position of 
the switches used to phase the adjacent rows of dipoles. The 
cable lengths vary from O to i SÀ/16 in increments of À/ 16 
or 22~ 5. The phase of any row can therefore be adjusted with 
a maximum error of ±11 °. For survey work , the beam 
positions can be chosen so that the phasing required in the last 
three stages of the feeder system is an exact multiple of À/ 16. 
The systematic errors introduced in the first two stages due to 
the incremental nature of the phase adjustment produce a 
phase modulation along the aperture with periods of lÀ and 
2À. The corresponding grating responses lie on the zeros of the 
N-S beam of the E-W array and are rejected . 
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Figure 7. The excitation function for the E-W and N-S arrays. 
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Figure 8. The feeder system of the N-S array : • main phasing switch·es, o rapid phasing switches, X grading attenuators. 
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Since the switches at any one level in the feeder system 
require a common phase increment, they are coupled to drive 
one another in series. By setting the two master switches of 
the E-W array and the six of the N-S array to tabulated values, 
it is possible to rapidly point the beam of the instrument to 
any desired zenith angle in the N-S plane. The switches are 
driven by rotary solenoids with binary~oded master and slave 
wafers that permit selection of unique switch positions. 
Indicator lamps on the control panel and on individual switch 
housings provide an irnmediate indication of switch failure. 

To permit faster sky coverage for mapping observations 
and position measurements for point sources, a rapid-phasing 
network has recently been added. The system operates on a 
tirne-sharing basis and provides sirnultaneous coverage of five 
adjacent declinations. Seven fast-acting crystal diode switches 
placed as shown in Figure 8, serve to shift the beam through 
angles of 0, ±0.263 and ±0.526 beamwidths (0°, ±0°.45, 
±0°.90 at the zenith) . The beam is pointed to each position 
four tirnes in each integration period, permitting the observing 
intervals for each beam position to be arranged symmetrically 
around the same mean observing tirne. 

Receiving and Auxiliary Equipment 

The receivers and associated equipment used with the 22 
MHz telescope are illustrated in Figure 9. The preamplifiers are 
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Figure 9. A block diagram of the 22.25 MHz Receiving System. Solid 
lines indicate signal paths. Dashed Iines show control paths. 

located at the centre of each arm. The remaining units shown 
are ail in the control room of the main observatory building. 

The receivers used are extremely gain-stable , stagger-tuned 
amplifiers. They have a fiat pass-band of 300 kHz centred on 
22 .25 MHz with a gain that may be varied from 60 db to 120 
db. The correlation is done using the standard phase switching 
technique developed by Ryle (1952). The use of receivers 1 
and 2 to detect both the in-phase and anti-phase components 
irnproves the signal-to-noise by v' 2 and greatly aids in the 
suppression of interference incident on only one of the arms 
(Scott, et al., 1961). Receiver 3 is used to monitor the total 
power outputs of the two arms. 

The entire system is controlled by the programmer which 
perrnits unattended, automatic operation. It consists of a 
solid-state dock which is driven at the sidereal rate and 
synchronized to the right ascension dock, and solid-state logic 
circuits which generate the pulse trains required in the various 
parts of the system. The intensities for the five beam positions, 
the total powers from the two arrays, and the riometer output 
are recorded digitally. Provision is made for 30-second (o<6O° ) 
or 6O~econd (o>6O°) integration periods and single or 
multibeam operation. 

The 'A/2 switch reverses the phase of the correlated signal 
for half of each integration period. A synchronous reversai of 
the integrator input ensures that only the correlated com
ponent is recorded, completely independent of any DC drifts 
that might develop in the system. The 'A/4 switch is used only 
for testing; it provides a null indication of equal phase paths 
for the calibration, and for the arrays when a test signal is 
injected into the overlap region (c.f. section on 'The T
configuration'). Both switches employ coaxial reeds and have a 
low VSWR and a phase insertion accurate to better than 1 °. 

A diode noise generator inserts a stable, correlated 
calibration signal into the system during every second inte
gration period. This provides a continuous measure of sensi
tivity and ensures the long-term continuity of the 
observations. 

A 22 .25 MHz rio me ter, connected to a separate cross
dipole antenna, continuously monitors the ionospheric 
absorption. 

Calibration and Performance 

An absolute calibration is particularly important for a large 
radio astronomy array operating at a frequency where few 
previous measurements have been made. A method which 
relates the system gain to that of a standard dipole was 
developed by Little ( 1958) for calibration of the original Mills 
Cross. A standard dipole has been constructed for the 22 MHz 
array but only prelirninary measurements have been made. 

An alternative method, which has been used to provide an 
interirn calibration, relates ail measurements to the flux 
density of the radio source Cygnus A (S = 29,000 
wm- 2Hz-1 ). This is the only source for which a 22 MHz value 
of sufficient accuracy is available (Kellermann, 1964) and this 
provides a measure of the instrument sensitivity near the 
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Figure 10. The relative gain of the 22.25 MHz Array as a fonction of 
zenith angle · - isolated element, • Cygnus A (3C 405), o mean of 
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zenith. To extend this calibration to other zenith angles, one 
may use flux densities obtained by extrapolation for those 
sources which have well defined spectra down to 38 MHz. For 
the present work, the spectra have been determined from the 
38 MHz and 178 MHz flux densities of the Mullard Observa
tory (Williams, et al., 1966; Gower, et al., 1967; Pilkington 
and Scott, 1965) and the 750 MHz and 1400 MHz values of 
the National Radio Astronomy Observatory (Pauliny-Toth, et 
al., 1966). The ratio of flux densities measured in terms of the 
zenith calibration to the extrapolated flux densities was 
calculated for 98 sources. The results have been grouped for 
three zenith angle zones, Z = 0° to 20°, 20° to 40°, and 40° 
to 60° . The mean ratios are shown as the circles in Figure 10 
together with the point for Cygnus A. The error bars shown 
are probable errors and are approximately 3 percent. 

The response of an isolated element, X/8 above a reflecting 
screen, as a fonction of zenith angle, i.e., 

. 2 7T A (Z) = 2A0 sm (;4" cos Z) (3) 

is shown by the solid line in Figure 10. 
The excellent agreement of the results from the fainter 

sources near the zenith with the Cygnus A calibration suggests 
that the method is reliable. There is no evidence for departures 
from the isolated element response given by Equation (3) for 
zenith angles less than 60°. 

A possible departure for very large zenith angles, shown as 
the dashed curve in Figure 10, is suggested by observations of 
a few southern sources. Sorne deviation of this sort is to be 
expected when the mutual irnpedance effects are large enough 
to dominate the reflecting screen factor. 

The brightness temperature scale, which depends on beam 
shape as well as on forward gain, may be derived from the flux 
density calibration using the relation 

(4) 
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Figure 11. Facsimile of computer type-plots of three scans over point 
sources (X X X) with galactic background removed and theoretical 
beam shape (0 O 0) fitted ( coincidence of X and O shown as - ). (a) 3C 
348, S = 2690 X 10-26Wm -2Hz-1 (b) 3C 348, severe ionospheric 
scintillation. (c) 3C 190, S=SO X 10- 26wm- 2 Hz - 1. 

where n = Q 0 / cos Z is the effective solid angle of the 
instrument corrected for foreshortening. Tb is the brightness 
temperature of an extended source averaged over the system 
response and S is the flux density of the equivalent point 
source. 

In general, the 22 MHz system has perforrned very much as 
expected. The beam shape, as indicated by observations of 
point sources, conforrns very closely to the theoretical pattern. 
Figure 11 shows the computer reduction of three scans where 
the galactic background has been removed and the theoretical 
beam shape fitted: (a) 3C 348 (S = 2690 X 10-26 Wm-2 Hz- 1

) 

under good observing conditions, (b) 3C 348 showing severe 
ionospheric scintillation, and (c) 3C 190 (S = 50 X 
10-2 6 wm-2 Hz-1 ), a weaker source near the confusion limit . 

The side-lobe responses are confined mainly to the two 
principal planes of the instrument. In hour angle, the first 
side-Jobe is typically -3 to -4 per cent and the remainder are 
ail less than 1 per cent, falling below the limit of detection 
(0.1 per cent) at angles greater than 10°. In declination, the 
first side-lobe is approxirnately -4 per cent and other nearby 
side-lobes are around 2 per cent or Jess. An examination of ail 
available survey records for spurious responses in declination 
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from the intense sources, Cassiopeia A and Virgo A , revealed 
no values greater than 1 per cent for angles more than 18° 
away from the main beam and a mean absolute value of Jess 
than 0.5 percent. 

The response of the system to an extended source is 
illustrated in Figure 12. This shows a scan across the galactic 
plane at o = -12~ 2 (Z = 61 ° 0). The comparison scan (dashed 
line) at o = -12~9 was taken with a 50 MHz array at 
Jicamarca, Peru , directed to the zenith (Ochs, 1966). This 
array is a simple square aperture with a beamwidth of 1 ° 1. 
The intensity has been scaled to provide the best fit. The 
agreement is excellent except for regions near a= 18h 15m and 
a = J 6h 20m where absorption by interstellar ionized hydrogen 
is clearly indicated. This absorption is also evident on the 4.7 
MHz observations ( dotted line) of Ellis and Hamilton (Ellis 
and Hamilton, 1966). Sirnilar comparisons with the 178 MHz 
observations of Turtle and Baldwin (1962) also show a very 
high degree of correlation. The output of the 22 MHz array 
therefore corresponds very closely to a true pencil-beam 
response. 
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Figure 12. Scans across the galactic plane (6 = -12°): - - - - 22.25 
MHz, - - - - 50 MHz (Ochs, 1966), .... 4.7 MHz (Ellis and Hamilton, 
1966) (not to scale). 

Discussion 

The performance of the array shows that the T
configuration may be used to produce a practical pencil-beam 
instrument. The declination side-lobes are small and the extra 
width of the N-S array has proven an effective means of 
suppressing the far-out side-lobes in hour angle. The sharing of 
the dipoles in the overlap region has resulted in an accurate 
total-power response. 

It should be emphasized that the spurious responses of the 
system may be either positive or negative and have a mean 
value very near zero. The instrument is therefore largely free 
of the systematic bias that is present in the output of a 
conventional aperture where the side-lobe contribution is 
always positive . 

The 22 MHz array has been in full operation since 
rnid-1965 and is used primarily for two kinds of observations. 
First, drift scans of the type shown in Figure 12 have been 
made at half-beamwidth intervals and are being used to 
prepare a complete map of the northern sky from declination 

+90° to -20° . This will permit studies of the distribution ol 
the thermal and nonthermal radiation from the galaxy 
Secondly, several short scans of the type shown in Figure 11 
have been made over the positions of each of about 400 radio 
sources. These results , coupled with the survey observations, 
will provide 22 MHz flux density measures for 400 to SOC 
sources down to a limiting flux density of 30 X 
10- 26 Wm- 2 Hz- 1 . 
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