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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 
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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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