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ABSTRACT 

Ten frequency components of short period la t i tude variat ions and 
corrections for the decl inat ion at an epoch and the proper motion in 
decl inat ion are estimated simultaneously. The short period variat ions 
are nearly diurnal and semi-diurnal and are supposed to be due to nuta
tions and Earth t ides. Analysis is by the least-squares chain method 
with weights for individual observations, recently developed by Manabe 
et a l . (1977). Weights are assigned on the assumption that the observa
t ional errors fol low a normal d i s t r i b u t i o n , whose dispersion changes 
night by night . Among a l l possible 1024 combinations of the short 
period var ia t ions, the best is chosen on the basis of the minimum AIC 
procedure. The data used are the results of the homogeneous recalcula
t ion of the ILS observations, 1399-1978. This is considered to be the 
optimal astrometric data set for invest igat ing nutat ions, because of 
i t s long time-span, homogeneity and size. Declinations are estimated 
for each of the seven observational periods with mean errors smaller 
than 0V01. The mean errors of the proper motions are of the order 
O'.'002/y. Among the short period var ia t ions, s ign i f i can t estimates are 
obtained for the terms corresponding to the lunar f o r t n i g h t l y , solar 
semi-annual and lunar nodal nutat ions, and the M2 t i de . The mean errors 
are shown to be greatly reduced and the ent i re data set is analyzed. 
An e f f o r t is made to dist inguish the preferred theoret ical model. 

INTRODUCTION 

I t is a challenging problem for astrometry to decide which theoret
ical model of nutations is most consistent with observations. For 
example an accuracy of O'.'OOl is required to dist inguish between 
Molodensky's (1961) and Wahr's (1979) models. Manabe et a l . (1979) 
estimated the nutations and Earth t ides from the recalculated ILS data 
(Yumi and Yokoyama 1980) in each of seven periods. They obtained nuta
t ion parameters which are generally in agreement with theoret ical pre
d ic t ions. However, the mean errors of the i r estimates are not small 
enough to dist inguish the preferred model. Therefore, i t i s useful to 
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estimate the nutations using the whole 80-year series of ILS data. 
Furthermore, i t is very important to combine the data in d i f fe rent 
periods and analyze them simultaneously in order to real ize a 
uniform system of declinations and to provide a homogeneous series 
of polar motion data. The most serious obstacle to doing th is is 
an i r r egu la r i t y in the scale values of micrometer screws. In the 
present analysis, a f te r el iminat ing long period la t i tude variat ions 
and dai ly variat ions of scale values from observational equations 
by using the least-squares chain method (Manabe et a l . 1977), we 
estimate constant and secular parts of decl inat ion corrections and 
the short period variat ions of l a t i t ude . The estimates thus 
obtained are free from systematic errors due to i r regular var ia
t ions of scale values. The frequency components of the short 
period variat ions that are taken into account are the fo r tn igh ly , 
semi-annual, annual and pr incipal nutations and the M2 and S2 
t ides . In the fol lowing notations are the same as those found in 
Manabe et a l . (1977). 

METHOD OF ANALYSIS 

The VZT observable is a difference D of readings of a micro
meter. Apart from accidental er rors , D depends systematically on 
la t i tude var ia t ions, decl inat ion errors and errors in the adopted 
scale values. These parameters are so small that the i r products 
can be neglected. Then, af ter making various corrections such as 
d i f f e ren t i a l refract ions by using the adopted scale values m-j at 
t-j for a star s-j, the observational equations for the r - th night 
are given by 

E(ADr) = XrB + L r (P r Amr)
T (1) 

T T T T 
where 3 = (AS AU' A ) , Amr is a dai ly correction of the adopted 
scale values, ADr = Dr - d iag[m] . . .mnr ]c r is an 0-C vector and t,T 
is a vector of zenith distances calculated on the basis of cata
logue places and the IAU nutation table. Matrices Xr and Lr are 
Xr = d iag [mi . . .m n r ] (Rr Tr Kr) and Lr = ( -e n r ?r) with nr-vector 
e n r = ( l . . . l ) T . According to the least-squares chain method, the 
las t term in equation (1) can be eliminated by using a matrix 
Wr = (WC.) with 

Wi"j = W i 6 i j " w i w j { m - j m j L w « ] - (mi Cj + m.?.j) [wmc] + 5^-Lwmm]! 

/ <[wmm] [wes] - [wms] > , (2) 

where w-j is a weight and [ ] is Gauss' summation symbol. Let us 
denote the resul tant normal equation by S§=Q, where S = sxTwrXr 
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and Q = £ XrWrADr. I f we neglect i r regu lar and temperature de
pendent variat ions of mi which are of re la t i ve order 10_4, and 
small periodic var iat ions of ci due to the nutat ions, S sa t is f ies 
a re la t ion 

S H = 0 with H = 0 

0 

e„ 
n 

0 0 0 

where n-vectors a_and b are constant and secular parts of c, such 
that c-j = asi- + ( t r - t o ) b s i . Therefore, the rank of S is de f i 
cient by three and three addit ional conditions are required on 
3. We adopt conditions 

H T 0 or eTA<5 = 0 , eTAu' = 0 and aTA6 + bTAu' = 0 (3) n n 

at an epoch of correct ion, 
are equivalent to set t ing 

I t can be shown that these conditions 
i | = mi n. 

The equation S§=Q has been solved wi th conditions (3) for 
a l l possible 1024 combinations of the short period var iat ions. 
The best combination of the short period variat ions has been 
chosen with the aid of the minimum AIC procedure (Akaike 1973). 

RESULTS 

The table shows the minimum AIC estimates of the pr incipal 
terms of the short period var ia t ions. The last three columns show 
the ra t io y of the estimated and the theoret ical nutation ampli
tudes to those of a r i g i d Earth (Kinoshita 1977) for the diurnal 
components, and the t ida l factor A = 1 + k - i for the semi-diurnal 
components. 

I t is clear that the 2L-a term agrees well with the theore t i 
cal values. But the mean error is too large to dist inguish the 
better theoret ical value. The agreement of the 2I_'-a term with 
the theoret ical values appears poor. However, i f the contr ibut ion 
of the 0] t ide to th is component (-0'.'0016 sin(2L'-a) at 39°8'N 
with A = 1.2) is subtracted from the estimate, we obtain much 
better agreement. The most serious discrepancies between the 
present estimates and the theoret ical values are in the ± a-a 
terms. The differences are much larger than the mean er rors , 
which are small enough to dist inguish between the two models. 
This may be due to some unknown systematic errors with long time-
scale. In fact i f we use the data for 1899-1955 only, we obtain 
Y = 0.99687 ± 17 for fi-a and Y = 1.00380 + 119 for -a-a. The d i f 
ferences between these values and those in the table far exceed 
the mean errors. The y ' s of other components also change, but 
the differences can be regarded as caused by s t a t i s t i ca l f luctua
t ions. 

https://doi.org/10.1017/S0252921100081227 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100081227


_ < z < s 
+-> 
re 

C
O

 
rz 
o S

-
ro 
> 

T
3 

O
 

S_ 
CD

 
Q

. 

o 
-T

Z
 

0
0 

cu 
_rz 
+-> 

OO
 

O
) 

I—
I 

ZS
 

O
 

E
 

• 
•i- 

C
D

 
C

 
LT

) 
•i- 

en 

.rr 

I 

C
M

 
C

M
 

O
 

O
O

 
C

O
 

C
M

 
C

D
 

O
O

 
O

 

*3
" 

O
O

 
O

 

rv 

>* 
C

M
 

C
M

 

rv 
C

D
 

C
O

 
C

n 
C

n 

O
 

C
n 

C
M

 
O

 
O

 

i—
 

C
D

 
r—

 

C
D

 
^1-
C

M
 

C
M

 

O
 

^
f 

C
O

 
cn 
en 

^d
-

i—
 

oo 
o o 

i—
 

O
 

i—
 

i—
 

L
D

 
C

T
| 

C
O

 
C

M
 

C
n 

i—
 

C
O

 
C

O
O

 
C

O
 

e
n 

C
O

C
O

 
O

C
M

 
O

i
—

 
^

f
O

O
 

0
O

0
O

 
C

M
N

 
O

 
O

 
C

M
 

O
 

•—
C

O
 

C
O

 
*3

" 
C

O
 

C
O

 
C

O
 

C
Ti 

O
 

1
T

1
N

 
r

v 
i—

 
O

 
C

O
 

L
D

 
O

I 
r-» 

C
M

 
C

n 
i—

 
C

n 

un co 
i—

 en 
i—

 r—
 

i—
 

C
D

 
<

d
" 

•—
 

i—
 

O
 

O
I 

C
D

 
C

D
 

r—
 

O
 

C
O

 
C

O
 

i—
 

I—
 

i—
 

O
 

r—
 

rv 
en 

C
D

C
D 

"3
-C

M
 

rv 
en 

oo i—
 

ir
iN

 
i—

 . 
o

o
u

n 
o

o
,—

 
O

C
M

 
c

o
m

 
i—

 <*• 
co ^

- 
o 

oo on 
oo 

O
 

i—
 

r—
 

en iv 
oo Ln 

C
O

 
i—

 
N

C
O

 

e
n 

C
M

 
c

o 
C

M
 

C
O

 
0

O
 

i—
 

en 
o 

C
T

> 
O

 

O
 

i—
 

•—
 

i—
 

r
v 

C
M

 

C
M

 
O

O
 

o
o 

i—
 

0
O

 
C

D
 

C
D

 
0

0 
C

M
 

r—
 

O
O

 
en

 
C

D
 

O
 

O
 

c
o 

i—
 

rv
 

C
M

 

LT
) 

0
0 

C
D

 
L

O
 

C
M

 
C

M
 

O
 

C
D

 
C

D
 

O
 

O
 

o
o 

u
n 

<* 
o 

oo sj-

C
D

 
C

T
i 

C
M

 
O

 
C

Ti 
0

O
 

C
O

 
i—

 
s

f 
C

M
 

C
D

 
C

D
 

CO
 

<d" 
rv 

i—
 en 

en Ln 
en 

co 
r- 

o 
i—

 
O

 

rv oo 
r-- 

iv 

rv 
o 

co **• 
o 
o 

o i 
o I 

O
 

+
1 

o C
M

 
I 

0
0 

i—
 

8 
3 I 

a 
a 

C
M

 
I 

00 
T

D
 

O
 

Z. 
C

D
 

r
v 

s
j- 

0
0 

**• 
«d- 

i—
 

r—
 

i—
 

C
M

 
0

0 
C

D
 

i—
 

C
O

 
.—

 

8 
C

M
 

8 I 

i 

o L
n 

en 
r—

 

+
J 

CO
 

00 
s_ 
O

 
s-s-a> 
fZ

 
(T3 
CD

 
E

 

CD
 

-TZ
 

+-> #
1 

00 
c o 

+
J 

o CD
 

s-S
-

o O
J 

c o 
•1—

 

+-> 
rO

 
rz 

•i—
 

i—
 

o CD
 

-a 
CD

 
-C

 
+-> 

s-o 
4

-00 
=c 

CD
 

i—
 

o 
-TZ

 
3 CD

 
_rz 
+-> 
+-) 
=3 
O

 
-C

 

CD
 

C
D

 
c 113 
S

-

CD
 

-C
 

1—
 . 

C
D

 
o en 
i—

 i 
en 
en 

C
D

 C
O

 
zs 
o s_ 

-fZ
 

+-> 
•

a 
CD

 

> S-CD
 

00 
_

Q
 

O
 

00 
S

-
ra 
+-> 
00 

eu 
-C

 

+-> 
s-o 

4
-

rv 
o C

D
 

r 
. 

O
 E
 

o s-
4

-CU
 

cn 
c ro 
S

-

i—
 

C
D

 
rz 

•
t—

 

S
-

Z
i 

T
3 

T
3 

CD
 

> S-0J 
00 

-Q
 

O
 

00 
S

-
ro 
+-> 
00 

CD
 

_rz 
+-> 
S_ 
o 

4
-

C
M

 

= . 
o o 
4-J 

-a 
o 

•r—
 

S
-

CD
 

Q
. 

E
 

o S
-

4
-00 

• 1—
 

00 
rz 
o 

•i—
 

+-> 
o CD

 
s_ 
s-o o c o 

•1—
 

+
J 

o E
 

£_ 
CD

 
Q

-
O

 
S

-

00 
S

-
o S

-
S

-
CD

 

c ro 
CD

 
E

 

CD
 

_rz 
+

J 

+-> 
ro 

_rz 
+-> 
CD

 
i—

 

-Q
 

ro 

^: 
s-ro 
E

 
CD

 
S

-

00 
•1—

 

o_+
-> 

CD
 

-C
 

+-> 
c»-
o 00 
s-O

 
S

-
s_ 
CD

 

rz 
ro 
CD

 
E

 

CD
 

=̂ 
-(-> 
4

-O
 

1—
1 • 

>> 
^

t-
L

n 
C

D
 

o 
—

 • 
o o 
+-> 

>. 
rv 
i—

 

o o o 
= . 
C

D
 

CD
 

J
Z

 
+

J 

c 
• 1

—
 

•a CD
 

C
J 

Z
i 

-a 
CD

 
s-

i
: 
o Z5 
E

 

C
D

 
s-ro 

00 
S

-
ro 
CD

 
>

5 

X
 

• r—
 

00 

s-o 
4

->> 
rz 
o 

"O
 

eu 
> s_ 
CD

 
00 

X
! 

O
 

00 
S

-
ra 
+-> 
00 

S
-

o 
4

-

CD
 

J
3 

ro 
rz 
r0 
s

: 
^^ 
c o 

• r—
 

4-> 
ro 

r—
 

Z
I 

C
J 

I—
 

ro 
O

 

4-J 
00 
ro 
a

. 

cu 
-

E
 

+-> 

rz 
•r—

 

a
j 

00 
o 

_rz 
+-> 
E

 
o s_ 

4
-e o 

•i—
 

+-> 
ro 

i—
 

Z
5 

u 
1

—
 

ro 
O

 

+-> 
rz 
CD

 
00 
CD

 
5

-
Q

. 

• 
ro 
+

J 
ro 

T
3 

4
-O
 

00 
S_ 
r0 
CD

 
S

v 

X
 

•
1

—
 

00 

>> 
rz 
o 00 
eu 
00 
Z

i 

o 00 
1

—
 

ro 

_rz 
C

J 
•i—

 
-fZ

 
3 

en 
rv 
en 
r—

 • 

I ro 

+-> 
CD

 

https://doi.org/10.1017/S0252921100081227 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100081227


THE SHORT PERIOD LATITUDE VARIATIONS 179 

REFERENCES 

Akaike, H. 1973, 2nd Internat ional Symposium on Information Theory, 
eds B. N. Petrov and F. Csaki, 257. 

Kinoshita, H. 1977, Celest. Mech., 19, 215. 
Manabe, S., Sasao, T. and Sakai, S. 1977, Publ. I n t . L a t i t . Obs. 

Mizusawa, 11, 23. 
Manabe, S., Sakai, S. and Sasao, T. 1979, Publ. I n t . L a t i t . Obs. 

Mizusawa, 13, 53. 
Molodensky, M. S. 1961, Commun. Obs. Roy. Belgique, 3e Serie, 10, 

Fasc. 2. 
Wahr, J. M. 1979, Ph.D. Thesis, Univ. Colorado. 
Yumi, S. and Yokoyama, K. 1980, Results of the Internat ional L a t i 

tude Service in a Homogeneous System 1899.9 — 1979.0, Mizusawa, 
Japan. 

https://doi.org/10.1017/S0252921100081227 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100081227



