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Abstract. Guinot and Feissel (1968), Okazaki and Nasaka (1970) reported the marked discrepancy 
between annual terms of the polar motion obtained by time and latitude observations. The disturbing 
effects of local non-polar terms in latitude variation on pole coordinates are discussed in the first 
half of this paper. 

From an analogy between time and latitude observations, we can conclude that Ax and Ay in the 
pole coordinates obtained from time observations are proportional to a part of the common fictitious 
term AT'm the rotation of the Earth. Using AT obtained from Okazaki's data for the same interval 
as Guinot's and Feissel's data, a test example is given as follows: 

AT =5™. 1 cos (27^+183° ) , Ax = 0.52 AT, Ay=-0.29 AT 

If we apply the above corrections to the pole coordinates obtained from time observations, we can 
derive the coordinates x and y which are comparable to those of the ILS. J a « , AS and local non-polar 
terms (zs — za) in the ILS latitude determination may be considered as the sources of A T. 

1. In the Case of Latitude Variation 

We use the following formule for computing the polar coordinates x, y and the com­
mon term z independent of the polar motion. 

dcpi = x cos k{ + y sin Xt + z (i ^ 3 ) . 

The solutions of these formulae by the method of least squares are 

x = £ <*i dcpt 
y = Zbid<pi (1) 
z = £ ct dcpt 

where dcp{ is the observed variation of latitude referred to the fixed origin of the pole 
and ah bi9 ct are the constants which are given by the distribution of the stations and 
the following relations hold among them. 

1 ^ = 0 , 5 > , = 0 , I c < = l . 
In general the observed value of latitude variation dq>t contains a local non-polar 

term (LNP) which is proper to each station. Therefore, we may assume that d<pt is the 
sum of three terms-polar term, common z term and local non-polar term. 

Thus d ( p t = d f l W + d<picommon z + d<pilw. (2) 

If d<p l I N P =0 , we can get correct solutions from (1). However, if d<p i / N P ^=0, then its 
disturbances Ax9 Ay and Az should be always contained in the least squares solutions. 

That is, the solutions of the formula, the disturbing local non-polar terms 

d (p i l N P = Ax cosA,. -f Ay sin A,- + Az 

are always contained in the solution of (1). 
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The above relation is seen easily from Figure 1 in my previous paper (Okuda, 1968). 
Figure 1 shows that if d < p l / N P = 0 (for example in the period 1955-1956), then we can 

get the same values of x, y, z for 5 ILS stations, each combination of 4 ILS stations 
and even for 3 ILS (M.C.U.) stations. But, if d < p l m p ^ 0 , we can not get correct 
solutions for x, y, z. 

This relation can be explained analytically as follows. Putting the solutions for 5 
ILS stations and 4 ILS ( — i) stations as x, y9 z and x'9 y', z' respectively, 

Then 

X = y = '£btd<pi, z = I c, dq>i 
X = = X c't d(Pi 

i = x — x' - I iai ~ a'i) <*<Pi 
Ay. i = y - y ' = Z(bi-b'i)d<Pi 

Az. ( = z - z' = Z ( c . - ci)d(pf 
(3) 
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From (3) 

Ax-i = Z (ai ~ a'i) d(Pi Alzl = ^ (*' ~ d ( p i 

Az-i Z ( c i - c ' i ) d W Az-i Z ( c i - c D d ( P i 9 

whereas the following important relations hold among the coefficients as shown in 
Table I. 

a,- - a\ = aM ~ <*'M =

 AK ~ a'K = ac - a'c = aG - aG = av - = 

Ci ~~ C'i CM ~~ CM CK ~~ CK CC ~~ CC CG ~~ CG CU ~~ CU 

bj - b\ = bM - b'M ^ bK - b'K = b c - b'c = bG - b'G = fo^ - b'v = ^, 

where X_ t and t are constant. 

TABLE I 
i = M; K-i and tf'-f 

at —at' bi—bt d — d' K ~ m = K ' - m = _ —— 
Ci — d Ci — d 

M -0 .4359 -0 .2636 + 0.2305 - 1 . 8 9 - 1 . 1 4 
K + 0.4972 + 0.3007 -0 .2629 - 1 . 8 9 - 1 . 1 4 
C -0 .2681 -0 .1622 + 0.1418 - 1 . 8 9 - 1 . 1 4 
G -0 .2029 -0 .1227 + 0.1073 - 1 . 8 9 - 1 . 1 4 
U + 0.4097 + 0.2478 -0 .2167 - 1 . 8 9 - 1 . 1 4 

And we get 

AZ-: 

*y-i 
AZ-: 

Ax. 
Ay. 

Z (°i - a'i) d(Pi = (aM ~ <*'M) d<PM = 

Z (ci - c'i) d<Pi (CM ~ C'M) d(pM 

(aK — a'K) dcpK so on for C.G.U. 

(CK - C'K) d(pK so on for C.G.U. 

Z (bt - bj) d<pt = (bM - b'M) dcpM = 

Z (ci ~ c'i) d(Pi (cM ~ c'M) dcpM 

(bK - b'K) d(pK so on for C.G.U. 
(CK - C'K) d(pK so on for C.G.U. 

= K_ 

K-i 

K_tAz. 

••KL,Az. 
( ^ 4 ) (4) 

The relation (4) can hold without any restriction in number of station. 
In the case of 5 ILS and 4 ILS ( - M ) , by using (4) the disturbing local non-polar 

term dcplNP which correspond to Ax_M9 Ay-M, is 

Pm,np = (Ax — M cosXM + Ay.M s inA M ) 
= J z _ M ( K _ M c o s / M + KLM s i n A M ) . (5) 
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As the same relation can hold for other ILS stations, we may compute d < p X m p , 
dq>ClNP, d<p G / N P , dq>UlNP and the disturbances Ax, Ay, Az for the least squares solutions 
of 5 ILS stations as follows. 

Ax = X a, dcpilNP 

Ay = Zbid<pilNP i = M9K,C,G,U. (6) 
Az = y£cidq>il„p 

Applying these corrections, the corrected polar coordinates of the mean pole are 
computed and the result is given in Figure 2. 

The local non-polar term described above is only the part which corresponds to 
disturbance upon the polar coordinates and common z term independent of the polar 
motion. The total amount of the local non-polar term for each station is deduced. 

d < ? i , N P =
 d<Pi - C O S ^ + ^ c o r r ̂  ^ +

 Z ooJ > (7) 
where 

x C o r r = x - A x = Z ai d(Pi - A x 

yc0rr = y - Ay = Yjbidcpi- Ay 
Z c o r r = 2 ~ A Z = Z Ci d(Pi ~ A Z ' 

The total local non-polar terms computed by formula (7) are just the same as £ ( z 5 — z 4 ) 
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in the previous paper (Okuda, 1968) and this coincidence proves the correctness of the 
results obtained by author. The conclusion in this section may be summarized as 
follows. 

When the amount of (o — c) is beyond the range of observation errors (p.e. ± 0''2 ~ 0? 1 
for a single pair), the polar coordinates computed by usual computation formula (1) 
are considered to be revised by the method described above. 

2. In the Case of Time Observation 

We use the following formula for computing the polar coordinates x, y and the com­
mon rotation term T independent of the polar motion. 

dr, = (— x sin + y cos A,) tan q>i+ T (i ^ 3) 

and the solutions of these formulae by the method of least squares are 

x = X At dr, 
y = ^Bidr, (2.1) 
T = £ C f d T , 

where dxt is the observed variation of time referred to the fixed origin of the pole and 
Ah Bt, Cf are the constants and the following relations hold among them in just the 
same way as in the case of latitude variation. 

£ ^ = 0 , Z ^ = 0 , £ Q = 1 . (2.2) 

From the analogy in the case of latitude variation, we can derive the local non-polar 
term d T i l N P which disturbs the least squares solutions of (2.1) as below. 

If d r I J N P % 0 , then the disturbances Ax, Ay and AT are always contained in the 
least squares solutions unless the distribution of the stations and the local non-polar 
terms satisfy the conditions 

£ sink { tancp t = 0 , £ cosk x tan<pt = 0 , X d T i m p = 0 - (2.3) 
or 

£ sinX{ cot(pi = 0, £ c o s *>i cot(pi = 0, £ d T i j N P = 0 . 

That is, the solutions for the formula 

d r f | N P = — Ax sin A F + Ay cos Xt + A T (2.4) 

are always contained in the solutions of (2.1). 
We can compute the local non-polar term d T f m p for the /-th station by utilizing the 

difference between solutions for n stations and n— 1 stations ( — i) through the same 
procedure described in § 1. 

d T i ( N P = A T_ t ( - L _ i sin kt + L ' _ c o s Xt) tan (pt 

= AT_t( — L_t sinX{, + L'_ f cosX t) t a n ^ - (2.5) 

where L_, and Z/_, are constants. 
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And 
Ax = £ A, dt,mp 

J T = £ C , . d T i l N P 

i,2...n (2.6) 

The total amount of the local non-polar term for each station are deduced 

dT.-,M„ = dr, — {( - x sin h + y cos x f ) tan <p, + T }, 

J/NP * c o r r * • ' c o r r » / rl • corrJ ' 

(2.7) 
where 

X = X — ZlX = Y v4: di: — Ax 
corr * * 

T = T - d T = V C df; — AT. 
corr i—t * 1 

Formulae (6) and (2.6) show that the local non-polar term always disturbs the least 
squares solutions and Ax, Ay in the computed polar coordinates are proportional to 
Az, i r respect ive ly , and the constants of its ratio are determined by the coefficients of 
the conditional equations. 

A comparison between Okazaki 's (Okazaki and Nasaka, 1971) T terms which were 
deduced as the least square's solutions of d r f of 11 stations (PZT and Astrolabe) for 
the period 1964-1966 and Iijima and Okazaki 's annual and semi-annual rotation terms 
(T, T1/2) which were deduced from U T 2 - A 3 (BIH) for the period 1955-1968 by 
spectrum analysis has been made. And the approximate estimation of the fictitious 
rotation term AT in Okazaki's T t e r m is derived for the mean year of 1964, 1965, 1966 
as below. 

AT= T o b s ( O k a z a k i ) - ( T + T 1 / 2 ) - (a 4- bt) 

= 5 n cos (27if + 183°). 

On the other hand, the differences between annual terms obtained by using time and 
latitude observations by Okazaki are, neglecting constant and linear term of /, 

(Time) - (Latitude) 

Ax = x T — x ^ = — 0'.'04 cos27rf, for the period 1955-68 

Ay = yz - y^ = +0?022 cos27rf, mean of 1964, 65, 66, 

where M s a fraction of year counted from the beginning of year. 
These values correspond to 

Ax = 0.52 AT, Ay = - 0 . 2 7 AT. 

In the case of Guinot and Feissel (1968). 
Utilizing their annual terms obtained by the observation data for 18 PZT and 

Astrolabe, the following differences are derived. 

3. Some Test Example 
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(Time)-(Lat i tude) 

Ax = xT - = -0T06 cos(27rf + 50°), for the period 

Ay = yx - y<p = + 0':05 cos(27rf + 50°), mean of 1964, 65, 66 

Time (G and F ) - ( I L S ) 

Ax = x r - x I L S = - 0 : 0 3 5 COS(2TT/ + 68°) 

Ay = yx - y I L S = + 0':047 cos(2;rf + 68°). 

We may assume that ^ 7 = 6 m s ~ 5 m s cos (27rf + 230 o ) would be contained in their T 
term for the mean year 1965. 

4. Conclusion 

The interpretation of the ambiguity between annual terms obtained by time and lati­
tude observations is a difficult and complicated problem. The study, however, on this 
ambiguity is very important for our purpose to obtain more reliable polar coordinate, 
common terms z and T. 

Utilizing the method described in this paper, we may compute a revised coordinates 
which are comparable to each other in both annual terms obtained by time and latitude 
observation. And at the same time we are able to study the characters of the non-
polar variations in time or latitude observation which is proper to each station by 
subtracting correct amount of polar effect. 

According to the variation of AT with time, the changes in the phase angle for the 
annual term and the amount of Ax, Ay which are differences between both annual 
terms obtained by time and latitude observations will be caused. 
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