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F i g u r e I . V a r i a t i o n sa i sonnie re obse rvee , 
1956, 5 & I958,5-

Figure 2. C o u r b e annue l l e pe r iod ique d&Iui te de d e u x 
ann^es d ' obse r va t i on a v e c la r e p r e s e n t a t i o n en mill ise-
condes 2130 + 93^ — 2 8 O 3 (0 = t — 1957,0) p o u r la va r i 
a t i on lente . 

F igu re 3. R e p r e s e n t a t i o n des hear t s . 

saisonniere est periodique, e 'est-a-dire que les 
courbes relatives aux intervalles 1956 ,5 -1957 ,5 
e t I 957>5~ 1 95^)5 sont superposables. 

II etait peu vraisemblable qu 'une telle decom
position fut possible. Or la solution du probleme 

a ete obtenue sans aucune peine. Les valeurs 
trouvees pour les 3 constantes arbi traires sont, 
en millisecondes: 

6 = + 2 1 3 c = + 93 d = - 2 8 . 

La courbe qu 'on obt ient alors pour la variat ion 
saisonniere est assez differente de celle que d 'au-
tres au teurs ont publiee. La difference s'explique 
no t ammen t par l 'emploi du catalogue dedui t par 
Guinot des m^mes observations. 

Les valeurs individuelles etant groupees en 
moyennes, a raison de 2 par mois environ, 
l 'ecart-type d 'une moyenne e s t : 

a = 2,5 ms. 

La representat ion graphique des ecar ts ne fait 
appara i t re aucune marche sys temat ique . 

Ainsi, les resul ta ts de 2 annees d 'observat ion 
sont correctement representes a l 'aide de 3 con
s tantes e t d 'une courbe annuelle empirique. Ce 
fait est remarquable e t il correspond tres proba-
blement a une realite physique. 

L 'ampl i tude totale de la variat ion annuelle 
est de 64 ms. Le maximum de mai est tres aigu. 
peut-etre meme anguleux. II s'est produi t en 
1957,41 et en 1958,41-

La courbe de la variat ion saisonniere ne peut 
etre representee par la somme de deux termes 
sinusoi'daux, l 'un annuel , l ' autre semi-annuel, 
meme en premiere approximat ion. Les termes de 
periode 0,25 et 0,20 sont impor tan t s . L'emploi de 
la methode d 'Orlov pour de terminer la var ia t ion 
progressive ne para i t pas indique en pareil cas. 

T H E I N F L U E N C E O F S Y S T E M A T I C E R R O R S O F S T A R C A T A L O G U E S O N T H E 
D E T E R M I N A T I O N O F T H E I R R E G U L A R I T I E S O F T H E E A R T H ' S R O T A T I O N 

B Y A . A. N E M I R O A N D N . N . P A V L O V 
P u l k o v o O b s e r v a t o r y , L e n i n g r a d , U .S .S .R . 

Abstract. In o rder t o lessen t h e influence of t h e e r ro r s in t h e r igh t ascens ions of s t a r s of f u n d a m e n t a l s y s t e m s on t h e 
resu l t s of t ime d e t e r m i n a t i o n s , i t is p roposed t h a t t h e resu l t s of t i m e services obse rv ing w i t h t r a n s i t i n s t r u m e n t s b e used 
for t h e d e t e r m i n a t i o n of a n i n d e p e n d e n t s y s t e m of r i g h t ascens ions of s t a r s . T h e p a r t i c i p a t i o n in t h i s w o r k b y a m a x i m u m 
n u m b e r of obse rva to r ies of different coun t r i e s is des i rable . 

A detailed s tudy of the irregularities of the 
ear th ' s rotat ion is of great scientific interest and 
became possible after the present-day extremely 
high precision of measurements of t ime had been 
at ta ined with the help of quar tz and a tomic 
clocks. T h e solution of this problem requires first 
of all a considerable increase in the precision of 
astronomical t ime determinat ions and a thorough 
exclusion of their errors, especially systemat ic . 

An impor tan t source of such errors are the 
systematic errors of the s ta r catalogue. T h e 
majori ty of t ime services are located in com
parat ively high la t i tudes of the Nor the rn hemi
sphere and more than half of them between the 
lat i tudes 5 0 0 and 6o°. I t is jus t for this zone of 
declinations t h a t the Aaa sys temat ic errors of 
the F K 3 are extremely large (Pavlov 1951 ; 
Nemiro 1958b; Nemiro and Pavlov 1956 ; 
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Afanasyeva 1957) and therefore noticeably dis
to r t the system of Universal T ime (UT) derived 
on the basis of astronomical observat ions of t ime 
services (Nemiro 1958b; Nemiro and Pavlov 
1956; Kons tan t inov 1 9 5 5 ; Smith and Tucker 
1953 ; Heide 1952). 

In the near future, after the publication of the 
new fundamental system of s tar positions— 
F K 4 — t h i s s ta te of conditions will be improved 
considerably. However, it mus t be noted t h a t in 
spite of the indisputably high qual i ty of the new 
fundamental s y s t e m — F K 4 — t h e r e is no hope 
t ha t the conditions will be completely satisfac
tory. Actually during the pas t years the precision 
of t ime measurements with the help of clocks has 
increased much more rapidly than the precision 
of astronomical observations. Especially slow has 
been the increase in the precision of absolute 
catalogues which serve as a base for the compila
tion of the reference system of s tar positions. 
This is connected with the somewhat slow 
progress of the technique of meridian observa
tions, the most conservative branch of as t rome-
try. Besides, the compilation of a fundamental 
reference system is very complicated and, to a 
certain extent , a problem open to discussion, 
needing many years for its completion. There
fore the difference between the t ime of publica
tion and the mean epoch of observations is 
about twenty to th i r ty years. 

I t is well known t h a t the s ta r coordinates 
referred to the mean epoch are of maximal pre
cision. I t follows t h a t when using the fundamen
tal system we in fact refer to observations made 
some tens of years ago and natural ly they are not 
of the precision which could be a t ta ined a t 
present. 

The fact t h a t the greatest possible number 
(some tens) of separate catalogues are used for 
the derivation of the fundamental system does 
not save the si tuation as m a n y of these catalogues 
are not of high accuracy and have large systema
tic errors. The assignment of weights to the 
separate catalogues is an especially controversal 
and complicated problem. Pract ice shows t h a t 
the precision of fundamental systems, derived 
on the basis of a very limited number of the best 
catalogues, is not inferior in some respects to a 
system derived on the basis of a maximal num
ber of catalogues. For example, Eichelberger 's 
Catalogue (for 1925) with respect to the errors 
Aaa and Pu al with regards to the errors Aaa and 
Ajia are be t te r t han the F K 3 in the Nor the rn 
declination zones. 

Therefore it can be noted t h a t while there is a 
sharp increase in the precision of t ime measure
ments with the help of a tomic clocks and a 
noticeably increasing precision in the determina
tion of t ime with photographic zenith tubes, 
Danjon 's prismatic astrolabes and photoelectric 
t ransi t ins t ruments , the precision of fundamental 
catalogues is a h indrance in the solution of the 
problem. 

W h a t is the best possible way ou t of such a 
s i tuat ion? 

T h e simplest is the smoothing of the r ight 
ascensions of the observed s tars on the basis of 
observations made a t a t ime service. This is 
already being done dur ing the reduction of 
observations made with the P.Z.T. , where s tars 
of the magni tude 9 to 10 are used. T h e right 
ascensions of these s tars are found as a result of 
the smoothing of d a t a of observat ions with the 
P.Z.T. An analogous process is possible for ob
servations with t rans i t ins t ruments , which are 
used by most of the t ime services. An essential 
c ircumstance in this case is t h a t the s tars of the 
fundamental system will be smoothed. Therefore 
it will be possible to utilize the observational 
results of t ime services for improving the funda
mental reference system. 

This means, first of all, a considerable increase 
in the amoun t of observational d a t a which will 
be used for the derivat ion of the fundamental 
system of r ight ascensions of s tars . If we con
sider t h a t 77 catalogues were used for the com
pilation of trie F K 3 and suppose t h a t all the 
F K 3 s tars were included in these catalogues a n d . 
t ha t each s tar was observed eight t imes for each 
catalogue, then we find t h a t each s tar was ob
served 626 t imes. T h e la t ter number is probably 
greatly overest imated. On the o ther hand, the 
Soviet t ime services alone, which al together have 
18 t ransi t ins t ruments , if observing a common 
list of s tars , could on the average make 20 
observations of each s tar per year with each 
ins t rument . Therefore dur ing two years, 20 X 
18 X 2 = 720 observations of each s ta r could 
be made and more observational d a t a obtained 
than those used for the compilations of the F K 3 . 
Besides, the precision of observat ions with 
t ransi t ins t ruments of t ime services can con
siderably exceed, with regard to systemat ic and 
accidental errors, those made with large meridian 
ins t ruments . T h u s the results of observations of 
t ime services can be used very effectively for 
improving the fundamental system of s tar 
positions. 
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I t should be pointed out t h a t the observat ions 
made with t ransi t ins t ruments are especially 
suitable for the improvement of the system of 
right ascensions of the fundamental catalogue 
with regard to the individual positions of sep
ara te stars as well as the systematic errors (with 
the exception of the equinoxial error) . We would 
like to point out t h a t the compilation of ca ta
logues on the basis of photoelectric observations 
of the Pulkovo T ime Service gave very satis
factory results (Pavlov 1 9 5 1 ; Afanasyeva 1957) . 

Observations made with photographic zenith 
tubes are less suitable for improving the funda
mental catalogue al though they can also give a 
well smoothed system of r ight ascensions for the 
stars of the observing list. A complication met 
here is t ha t all the s tars are s i tuated in a very 
narrow declination zone and besides, these s tars 
as a rule are not included in fundamental cata
logues. Therefore their utilization for the im
provement of fundamental systems necessitates 
additional observations with meridian circles, 
which in the given case can hardly give results 
of the highest precision as the az imuth of the 
ins t rument must be determined by s tars in a 
different declination zone. 

T h e situation is somewhat be t te r if observa
tions with prismatic astrolabes are used. In this 
case, although the process is more complicated 
than tha t for t ransi t ins t rument observations, 
the fundamental system can be improved in a 
comparatively wide declination zone, abou t 5 0 0 , 
the precision being the highest in the central 
par t of the zone. 

I t mus t be acknowledged t h a t the t ransi t 
ins t rument is the most convenient for improving 
the system of r ight ascensions of the fundamental 
catalogue. I t enables an improvement of the 
reference system in a very wide declination zone 
with about equal precision for different pa r t s of 
the zone. 

A serious objection to the wide application of 
transit ins t ruments for the t ime service is the 
relatively low precision of t ime determinat ions 
in comparison to t ha t of photographic zenith 
tubes and prismatic astrolabes. 

We assume, however, t h a t this objection can 
be overcome by a t ransi t ins t rument of a new 
design with hermetically sealed pivots, by a 
more precise determinat ion of the inclination of 
the axis and the photoelectric registration of the 
moments of s tar transit . Such an ins t rument is 
a t present being constructed in the shops of the 
Pulkovo Observatory. We hope t h a t in the cir-

cum-zenith zone it will give the same precision 
of t ime determinat ions as the photographic 
zenith tube . A special construct ion of the pavilion 
is of great importance for increasing the precision 
of the results of observations. Venti lators should 
be used so as to ensure a thorough venti lat ion. 
Meridian marks are also essential in this case. 
They are especially necessary if the results of 
observations of t ime services are to be used for 
improving the fundamental system of r ight 
ascensions of s tars , as it is very impor tan t for the 
solution of this problem t h a t the observations 
made during one night be of several hours 
durat ion. 

At present the propositions outlined here can 
be fulfilled by the collective efforts of several 
t ime services. T h e greater the number of t ime 
services taking par t in this work, the more rapid 
and more precise the results. In ternat ional co
operation is very desirable. 

In brief, our propositions m a y be s ta ted as 
follows: t ha t the organization of t ime deter
minations with t ransi t ins t ruments of t ime serv
ices be such t h a t they give a possibility of deriving 
the accidental and systematic errors of the r ight 
ascensions of the s tars of the fundamental cata
logue with maximal precision. This can be 
achieved for example if the chain method of 
observations proposed by Nemiro (1958a) is 
applied. We point out t ha t this method makes 
possible the exclusion of the systemat ic errors of 
the catalogue from the results of t ime observa
tions. I t is then unnecessary to wai t for the 
completion of the final discussion of a large 
number of observations made by t ime services. 
I t is also possible to apply the simpler and less 
laborious method proposed by N . N . Pavlov 
(1958). 

I t should be noted t h a t the method of smooth
ing s tar declinations has been used for a long 
time in la t i tude work. This smoothing gives good 
results because the observations made with 
zenith telescopes are of very high precision. 
This is necessary as the declinations of the faint 
s tars used in the Ta lco t t method are influenced 
by large errors. 

Both of these c i rcumstances—the high pre
cision of observations and the large coordinate 
errors of the observed s tars—are also present in 
t ime service work and they predetermine the 
expediency of smoothing the r ight ascensions of 
the s tars by observations. 

T h e use of observations of t ime services for 
improving the system of r ight ascensions of the 
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fundamental catalogues proposed here and the 
increase on this basis of the precision of as t ro
nomical t ime determinat ions , should, in our 
opinion, be carried out simultaneously with the 
organization a t several t ime services of parallel 
observations with photographic zenith tubes, im
personal astrolabes and t rans i t ins t ruments . 
However, we do not deem it expedient t h a t all 
the t ime services observe only with zenith tubes 
or only with impersonal astrolabes since each of 
these ins t ruments is characterized by its own 
specific errors and since a t the same t ime there 
are still possibilities of increasing the precision 
of t ransi t ins t ruments . 

Tak ing into account the above s ta ted , the 
Pulkovo T ime Service proposes in the near 
future to base its work on observations with 
photoelectric t rans i t ins t ruments and a photo
graphic zenith tube . 
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V A R I A T I O N S I N R O T A T I O N O F T H E E A R T H , R E S U L T S O B T A I N E D W I T H T H E D U A L -
R A T E M O O N C A M E R A A N D P H O T O G R A P H I C Z E N I T H T U B E S 

B Y W M . M A R K O W I T Z 
U . S. N a v a l O b s e r v a t o r y , W a s h i n g t o n , D . C. 

Abstract. C o m p a r i s o n of p h o t o g r a p h i c zen i th t u b e ( P . Z . T . ) o b s e r v a t i o n s w i t h t i m e de r ived from q u a r t z - c r y s t a l c locks 
du r ing 1951 t o 1955 a n d w i t h ces ium s t a n d a r d s of f requency d u r i n g 1955 t o 1958 i nd ica t e s t h a t t h e seasonal v a r i a t i o n is 
nea r ly t h e s a m e from y e a r t o yea r . L u n a r - t i d a l inequa l i t i es of s e m i - m o n t h l y a n d m o n t h l y pe r iods w i t h a m p l i t u d e s of 
a b o u t o?ooi each were found. A p r e l i m i n a r y v a l u e of t h e L o v e n u m b e r , k, is de r ived . O b s e r v a t i o n s m a d e since 1952 w i t h 
t h e dua l - r a t e m o o n pos i t ion c a m e r a a r e used t o de r ive AT — E T — U T . C o m p a r i s o n of t h e P . Z . T . o b s e r v a t i o n s a n d 
a t o m i c s t a n d a r d s a t t h e N a t i o n a l Phys i ca l L a b o r a t o r y a n d t h e N a v a l Resea rch L a b o r a t o r y shows de ta i l s of t h e i r regular 
va r i a t i on from 1955 t o 1958. 

I. Introduction. As is well known, there are 
three types of variat ion in speed of rota t ion of the 
earth—secular, irregular, and periodic. Although 
the general na ture of these variat ions has been 
known for some t ime, there is a need for deter
mining them in detail . 

Variations in speed are determined by com
paring Universal T ime (UT) , which is based on 
the rota t ion of the ear th , wi th t ime based on 
some other s tandard . This m a y be the moon, 
quartz-crystal clocks, or a tomic s tandards of fre
quency. Studies of the variat ion in speed of ro ta
tion made a t the U. S. Nava l Observa tory have 
been based on observat ions for U T made with 
the photographic zenith tubes (P.Z.T. 's) a t 
Washington, D . C , and Richmond, Florida, and 
for Ephemeris T ime (ET) with the dual - ra te 
moon position camera a t Washington. T h e clocks 
used have been the quar tz-crysta l clocks of the 
Naval Observatory and of the Nat ional Bureau 
of S tandards , and the cesium s tandards of the 
National Physical Labora tory , Teddington, and 
the Naval Research Labora tory , Washington. 

T h e problems t rea ted here concern the stabil
ity of the seasonal var iat ion, the determinat ion 
of the lunar tidal variat ion, and the determina

tion of the irregular variat ion. T h e results ob
tained permit a comparison to be made between 
variat ions in speed determined from astronomical 
observations and those computed from geophysi
cal and meteorological considerations. A pre
liminary, bu t independent , value of the Loye 
number k is obtained, and the na tu re of the 
irregular variat ions is shown. 

2. P.Z.T. T h e cesium s tandards are stable 
to abou t 1 pa r t in i o 1 0 . Th is s tabi l i ty is so high 
t h a t for all practical purposes the precision with 
which changes in speed of ro ta t ion of the ear th 
can now be obtained depends entirely upon the 
accuracy with which U T can be determined. 
T h e P.Z.T. 's are well suited for the determina
tion of U T . T h e in s t rumen t is impersonal, the 
zenith is automat ical ly defined by a basin of 
mercury, and no ins t rumenta l corrections for 
az imuth, collimation, or level are required 
(Markowitz, in press). Observat ions are made a t 
the zenith, where refraction anomalies may be 
expected to be a minimum. An impor tan t ad
vantage of the P .Z.T. in the s tudy of periodic 
variat ions in speed of ro ta t ion is t h a t the system 
of s tar positions used is made internally con
sistent from the P.Z.T. observations themselves. 
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