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ABSTRACT 

The Polar Motion Group was established in 1973 
as part of the newly organized Geodynamics Section 
within the Gravir; Division to carry on studies of polar 
motion, earth ' s rotation and crustal plate movements . 
'T""t......:,,.... 1 ..... -- .._ ____ ---- ----- ~ __ , __ J __ _,,_ , __ -- · -~- ...... • - . _i:: .._,. ......... ~ ...... ..a..._ .... b ._._;.J,._.u..,1. r'k W6.L. d...i.u. -Li.1\,.,....L..U.U..C:..:> LLLC vpci.d.LJ..Uli. U.L LUC: 

two Canadian PZT observatories located near Ottm.;ra and 
Calgary which have been accumulating astronomical data 
on latitude and longitude variations since 1951 and 
1968 respectively . Both PZT which appear to be capable 
of detecting secular notions greater than 10 cm, 
contribute data r egular ly to the international. tirne 
(BIH) and polar motion (IPMS) services . 

In 1974 two Doppler satelli te tracking stations 
were collocated with the PZT observatories to cowpare 
polar motion as determined by the t\rn independent 
techniques. It is hoped that the Doppl2r satellite 
me thod will increase the accuracy and time resolution 
of pole determinations to facilitate studies of short-term 
variations of polar mo tion. A mini-computer sys t em is 
being used to automate the satellite data acquisition , 
processing and comraunication . As part of the world-wide 
TRANET satellite tracking network the Doppler stations 
contribute d<Jta to the Dahlgren Polar :Monitoring 
Service . 
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1. INTRODU CTI ON 

The Polar Notion Group was fon:: e d in 197 3 as part of th e ne'.vly 

organized Geodynamics Section within th e Gravity Division to carry on 

studics of polar motion, eartb ' s rotation and crustal plate mo·..rements. 

The group was organized around the well established PZT operations in 

Ottawa and Calgary which were attached to the geophysical divisions when 

the Earth Physics Branch was formed in 1970 after the dissolution of the 

Dominion Observatory. The Polar Motion Croup was to continue the PZT work 

which still contributes much excellent data on the global dynamics of the 

earth, and at the same time it is supposed to investigate and experiment 

with newer techniques which could eventually supersede the optical astronomical 

observations• Since the Polar Motion group presently consists of only one 

research scientist and four technical officers , t wo in Ottai:.;a and two in 

Calgary, automation of routine observing procedur es and daLa processing 

is of necessity an important aspect of the polar motion program . 

2 . PZT PROGRAM 

The PZT operation in Ottawa was set up in 1951 as part of .the 

Positional Astronomy Division and has since been producing data nearly con

tinuously (Thomson, 1955). During this period the PZT loca tion '"as changed 

three tiees and the original instrumen t was replaced in 1968. Since 1970 the. 

Ottawa PZT No. 2 has b een l ocated at Shirleys Bay approxima tely 16 km due west 

of its original site at the Dominion Observatory. With the exception of 

the first period between 1952 and 1955 , when the scatter of observations 

was rather large due to changing operation procedures and the lack of an 

atomic standard for time comparisons, the Ottawa PZT ob serva tions of time 

and latitude provide excellent naterial for studies of polar mo tion and 

earth 's rotation. Analyzing the PZT data accumulated between 1956 and 

1970 lfoolsey (1972) concluded tha t the obse rvat ion2l noise in bath co-



ordinates_ i s a round 10 cm for averaging intervals of about 15 days. Hê 

clearly identif ied the Chandler term as the most prominent in the lat

itude observations wi:th mor e than t wic e the amplitude of the annual t errn . 

For t he time observations l ong-term variations prevail while the annual 

and semi-annual terms can Ee obse rved on the background of short-term 

v a riations . 

Realizing the potent îal of precise PZT observations and in an 

attempt - to eliminate bîases b etween different PZT star catalogues which 

define the reference frame, the IAU strongly r ecolIU!lended in 1963 to 

locate new PZT sites on the latitudes of existing PZT observatories 

whenever possible . Following this recommendation a site for a new PZT was 

chosen at Priddis n ear Calgary on the same lat itude as the Herstmonceux 

PZT of the Royal Greenw-ïch Obse rvatory in England . The regular observa

tions at Calgary commenced in 1968 using the PZT No . 1 from Ottawa and the 

Hertsmonceux star catalogue . The data obtained at Ca lgary from 1968 to 

1972 contributed to a major revision of the star catalog ue and the new 

c atal ogue ~.;ras int roduced at the o eginning of 1975. 

The nightly operations of bath PZT a r e fully auto~ated using an 

electro- wechanica l system which has to be nanually reset once a day . Although the 

measur emen t of PZT plates r equire s manual setting on program star i mages the 

data are automatically p unched on c ards for c o~puter processing. The PZT 

r esults from bath stations are transmitted weekly to the BIH in Paris and 

rnon thly to the IPMS in Nizusawa in a form of average time a nd latitude 

observations for star groups. Bath stations also participated in the so 

called rapid service during critical phases of the Nariner ser i es inter

planetary flights_ when UTl and pole position ••ere evaluateà daily fro3 

ob serva tions of onl y fourt een BIH stations (Feissel, Guinot 1974). 
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Tl1e average nigh.t observation s at Ottawa and Calgary together 

with reduced smoothed v a lues of l atitude and t irnc are surn:il:arizcd in 

annua l reports published i n the Geodyna::iics Se ries Bull etins . The 19'/4 

Ottawa PZT time res ult s are. shmm in ·Fig. 1 where t he standard d eviation 

of the average night UT2 from the Sôoothed curve ï s about 4 ms . Fig . 2 

shous the average night latitude varia tions at Ot tawa in 1974 ; the 

standard deviation from the smoothed curve is about 0'}035. The scat ter 

for the Calgary observations is about 40% larger due ta the shorter focal 

length of the telescope built ta w2tch the Hertsmonceux PZT and its 

higher latitude which affects the time observations (Fig . 3). The sraoothing 

is performed using the graduation rnethod genera:J_ized by \'ondrak (1969) 

for uneven data distribution with differen t w~ights . For this method 

different degrees of smoothing can be achieved by changing a single parame ter, 

the sa called coefficient of roughness , from one extreme when the sr.ioothed 

curve is a least squares parabola, ta the other :·ihen the s:noothed curve 

;::::.:;,;c:::; Llt.ruugrr each observation while minimïzi"ng the sum of thïrd dïff-

erences. The coefficient of roughness can be varied to produce a smoothed 

curve with a certain standard deviation. Fig . 4 shows the s ame time obser-

vations at Calgary with a standard deviation froô the snoothed curve 

r educed by 1 ms (frorn 6 to 5 ms). Hm..r much of the ·variations are due 

to observing conditions (me t eoro logical or instrumental) and what is 

due to short term variations !in the earth ' s rotation and polar motion 

remains to be determined. However, it has been generally accepted that 

short term variations as well as major changes particularly in the r ate of 

rotation do exist although the ir c auses a re not fully und e r stood. A 

significant change in the earth ' s rate of rotation occurre d at the end of 

1973 as s h mm in Fig. 5; the change in the slope of UT2 .'.:gainst UTC 



amounts to about 0.5 ms per day. A sirnilar change but in the opposit e 
) 

direction took place b etween 1964 and 196 6 . Qroolsey , 1972). 

3. RECENT DEVELOPHENTS IN POLAR MOTION STUDIES 

Greater interest par ticular l y in irregular chB.nges in pola r motio n 

was stimulated b y the hypothesis put forward by Smylie a nd Nansinha (196 7) 

relating such changes to major earthquakes . Disadvantages o f the optica l 

astronomical observations to detect positîvely abrupt changes in the polar 

motion are oovious: only night observations under f avourable weather 

conditions are possible and data from a nunber of observatories are 

necessary to deterrnine the pole position; the processin g 

itself tends to suppress any abrupt fluctuations. In 1969 Anderle and 

Beuglass (1970) found that polar motion could be èeter~ined by analysis 

of Doppler satellite observations . A difference between the true and 

assumed pole position produces a system.a.tic effect on a long track residuals 

of satellites in polar orbit . The period of this syst ematic _effect is 

24 hours with max ima occurring at the times ·when the rneridian plane contain-

ing the true and assumed pales coincides with the satellite orbital plane 

and nulls when t hese planes are perpendicular to each other. This effect 

can be evaluated fro~ data of a single station providing the distribution 

of satellites is favourable . Smith et . a l. (1972) reported on a me thod 

using laser satellite track ing to d e t e r mine p olar motion e ffect on station 

latitude by measuring the apparent variations in the inclina tion of the 

satellite orbit. At the sawe tiine v ery promising r esults for polar ~otion 

and UTl detennina tions were r epor ted using r adio astronomical methods , 

VLBI in particular (G old, 1967; Shap iro et al., 1974). 
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4. DOPPLER SATELLITE TRAC KING PROGR ... .\1-1 

These developmen ts led in 1971 t o the formation of a coillllittee 

consisting of R, W. Tanner and R. I. Walcott to study possibil ities of using 

some of the new methods for geodynamic studies and c omplement the existing 

PZT operations of the Earth Physics Branch. After extensive consultations 

the committee found Doppler s a t e llite tracking as the best i nunediate 

prospect for a satellite geodynamics program. This was supported by the 

resolution of the IAU Symposium on Earth's Rotat ion in 1971 which strongly 

recom:I!lended collocat ion of Doppler :=ratellite tracking equipment with existing 

obs ervatories participating in the international t ime and polar mo tion 

services . Such collocations we.re negotiated for other sites, Nisuzawa and 

Brus.sels , and Ottawa a nd Calgary were considere.d as im::)Qrtant additions 

because of their locations and rather prominent position in the BIR and IPHS 

systems. More important support came from the NWL which was responsible 

for ci.ara processing anâ pole âet:ermin2 t:ions for t:ne wurlci.-wiàe "Lï\Ai.~.r..T 

sa t ellit e tracking network. The Doppl er satellite tracking equipment, personnel 

training as ;vell as close co-operation in data processing and evaluation have 

been offered in exchange for data. This was rather ir:J.portant considering the 

high costs of equipme.nt and ope.ration . The agreement covering the loan, 

operation and maintenance of Doppler sat~llit e tracking stations between 

the U.S.Defense Mapping Agency: Top ographie Center and t he Ear t h Puysics 

Branch was reached in January 1974. In April 1974 a Geoceiver was set up 

at Calgary and a TP~A.NET van was brought to Ottawa an.d ïnstalled in Seot-

ember . 
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The Dopp l e r s a. te.llite tr:icki ng is 2 24 h our al.l F é'. ather o p2r?..tion 

prcd ucing a l a r ge a mount o f r aw d a ta. It has heen apr~r ent fro~ t he v e rv 

b eginni~g tha t without prop e r a ut omation of t he Do?pler stat ions on~ a an 

can n ever acquire and manually proces s the satellite d~ t a to mee t dail v 

trans-i;ii ssio ns to the Satellite Con trol Ce::Lt er (SCC) a t the Joh n Ho::-kiEs 

University in ~laryland. Moreover, any ind ependent data processing and 

analysis would oe i.i'"Tipossiole . The Doppler satellite operations i:vere 

therefore caref ully analysed and after surveying the mar k et of automatic 

measurement instru~ents , a real-time data a c quisition ?rocessing 2~d 

coITu""Tiunication system was procured toward the end of 1974. 

The system as presently constituted (Fig . 6) ïs b a sed on a 

H2~lett-Packard distributed mini-computer syst e m with a c e ntral ~nit 

in Ottawa and a terminal in Calgary. The centr a l unit cons:tsts or a 

24K HP2100 mini-computer operating under mult iprograrrrning real-time 

executive with file manager, paper tape reader, 5 megc.byte cartriège 

dise drive, 30 cps console printer and card reader . The distributed 

system package provides on-line communication b e t1;Jeen the terninal and 

central computers giving the t eLminal full access to all the resou~ces 

of the central system such as data stoLage and file u a nipula tion Où the 

c entral dise , program scheduling on the central co~puter and terœina l 

program development and storage . The terminal system 'Jhich consists of 

an 8K HP2100 mini-computer ,paper tape reader, console printer and card 

reader, operates under terminal cocmunica tion exe cutive as a sophisti-

cated input-output de.vice. with its oFn p · rogra;ning capability . Bo th 

rnini~owputers are equipped with i n t erf ace. cards to en~ble direct real-

ti2e d a ta input from the s a t e llite t rackin g s totions a~d e v e ntually 



basic co:npute.r control of the stations. The latter will prolJably be 

limited to a simple switching function for the Geoeeiver whereas the modular 

design of the TH.ANET station is more. suitable for implementation of 

additional control functions. The mini-eomputers will eventually be 

directly interfaced with automatic weather stations so that meteoro-

logical parameters (tempe.rature , pressure and humidity) eau b e a utornat

ically recorded during satellite passes. 

In!mèdiately àfter a satellite pass the data will be ehec.kPn fnr 

internal consistency and identified by comparison with satellite 

prediction? be.fore being temporarily stored on the central dise . Another 

prograu will prepare a uniform observation file for permanent storage and 

select passes for transmission to the sec as requested. 

The liP Remor:e. Data Transmission System in connection ·with a 

2000 bps data phone enables the central system to emulate an IB.:1 2780 

terminal to any large computer installation supporting a dial-up port 

using the 2780 protocol. This system is ope.rational and will be used 

to transfer the observation file onto high density magne.tic tapes for 

permanent storage as well as for bateh joh processing. 

Since the SCC supports only teletype eonmunication a buf fered 

telex interface has to be used for the daily data transmissions of 

requested passes from the central computer dise to the sec . 

At the present. time most of the hardware has been assembled 

with the exception of the weather stations. A cancre.te pier has been 

built for the geoceiver antennae on the PZT observatory grounds at 

Calgary and the TRANET antennae is presently mounted on the roof of 



th.e Geo?hvsical tuîldir.g at the old Dominion Observatorv orounds in Otcawa. 
" _, Cl ' 

The s of trvare for the r2al-time data acquisition and process:i...ng is beir~s 

devel oped and it i s hoped that the basic systeï!! i:·'ill be opera tional in a 

few TJ.onths . In the meanti.J:t<:: the Dop pler satellite tracl-:.ing is lfuitcd to 

~~nual or unattended modes of operation for the highes t pr iority satellites. 

5. CONCLUSIONS 

The primary objectives of the Polar Motion Group of the Earth 

Physics Branch can be SUITh"'!larized as follows : 

1. Continuous observation of variations of the station coordinates at 

Ottawa and Calgary using the astronomical and Doppler satellite 

oethods to study polar reotion and analyse di ffe rences bëLween the 

two systems; since the error sources in PZT and Doppler results are 

largely independent any co:nmon changes in polar motion can be con-

r"'r"1T':'iT"'\1~t-_,~..;,...._.... .... 1 
_.._.._!"" -~---~ ...... ---

2. To use the Doppler satellite method to increase the accuracy and time 

resolution of pole determinations in order to facilitate studies of 

short-tern variations of polar mot ion: 

3 . To study variations in the rate of rotation of the earth: 

4 . To provide permanent reference points for satellite and astronowical 

observations and for long term studies of crustal plate move~en ts. 

The program is intended to generate high quality data which uould 

help to preserve the continuity of polar motion studies and enhance the 

understanding of global geodynamics phenomena . 
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CAPTIONS 

J 
Fig. 1 Individual night observations of tim2 with th 2 Ottawa PZT 

in 1974 and the smoothed curve for UT2 - UTC + 2.7 œs /da y 

(STD 4.1 ms ; UTC step adjustments r emoved). 

Fig. 2 Individual nigh t observations of latitude with the Ottawa 

PZT in 1974 and the smoothed curve for PHI 1 (latitude 

corrected for the 1974 BIH pole positions; STD 0~035). 

Fig.3 Individual night observations of time with the Calgary PZT 

in 1974 and the srnoothed curve for UT2 - UTC + 2. 7 rns/day 

(STD 6.1 ms ; UTC step adjustments r emoved). 

Fig. 4 Individual night observations of time with the Calgary PZT 

in 1974 and the smoothed curve for UT2 - liTC + 2.7 ms/day 

using an increased coefficient of roughness (STD 5.1 ms ; 

UTC step adjustments rernoved). 

r'\ ....... _. __ Tl~l";"I 

.._, ...... '-O.""'<..&. - ..&... L..O.J.. 

in 1973 and 1974. 

Fig. 6 Mini-computer system for sat e llite data a cquisition, pro-

c e ssing and communication . 



f:Lg . 1 ln<livic1ua.l n i.ght observations of time with the Ottawa PZT 

in 197/f ancl tlt c smoo tlte c\ cmve for UT2 - llTC + 2. 7 ms /<l0_y 

(STD 4.1 rus; UTC step ac1jus tments rcmovecl). 
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Fic . 2 In<llvi<lual ni gh t obscrvntions of lntitude with the Ottawa 

PZî i n 1971.~ a nd th e s moothed curve f or i)HI 1 ( lati tude 

cor r ec tc cl for t he 1974 DIH pole posi t i on's ; STD 0 ~'0 35 ). 
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Fig .3 In<livi<lunl night observations of time with the Calgary PZT 

in 19 7 4 and th2 smoo thed curvE~ for UT2 - UTC + 2. 7 ms/ <lay 

( S TD G. 1 ms; UTC s tep. adj us tmEm ts remove<l) • 

UT2-UTC +2.7~5/Ji Y CAL G/\ R Y TIME OBSERVATIONS 

. . . . . 

2070.0 

. . . ·'· . . -· . . 
, . 

' .1: 
1 ' ~ 1 

.... . . 
.. ··· .. · .. 

. . . . 
. . .. 
.. - . 

' ; . 
. .., . 

... -.· .. . . 
,,., .. 
. ... 

... · . .. •___,:__-, 

_ _.__,,__.__. _ _,__...__...__,_-''-....1.--1.-..J..-..L--L __ L t 1 1 1 1 1 

2170.0 ' 2270.0 2370.0 

JULIAN DATé 

.. 

. . . 



·. 

:Fig. Lf Incliviclual night ob servations of time with the Calgary PZT 

in 19"/Lf an.cl the smoothecl curve for UT? - UTC + 2 . 7 ms/d.:iy 

using an incrcas e cl coefficient of roughness (STD 5 . 1 ~s; 

UTC stcp adjustments removed). 

UT2-UTC +2.7MS!OAY CALGARY · TIME · OBSERVATIONS 

-.210 

·. 
. . 
~ ., , 

.. 

·.310 l 
.... 

2070.0 . 2170.0 2270.0 2370 .0 

JULIAN DA TE 



Y~g . 5 Indivi<lual ni gh t observations of time with the Ottawa PZT 

in 1973 nnd 1974. 
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l·'iij. G t·U. n i -C l'I:iputc.r system for satt~lli te cla ta acquisition , pro-

c0ssing und co~1runi cation . · 
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