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THE SYMMETRY OF THE TIME AND LATITUDE PROBLEMS 

1. The  g e n e r a l  p r o b l e m  of t i m e  and la t i tude  m a y  be sa id  to be  the  
d e t e r m i n a t i o n  of  the  t h r e e  componen t s  of the  v e c t o r  r e p r e s e n t i n g  the  
s m a l l  ro ta t ion  of  a conven t iona l  c o o r d i n a t e  s y s t e m  f ixed in the E a r t h ,  
r e l a t i v e  to a ro t a t ing  s y s t e m  def ined by the c e l e s t i a l  po le ,  a s y s t e m  of 
s t a r  p l a c e s ,  and a s t anda rd  c l o c k  (or t i m e  s ignal) .  Two componen t s  of 
th i s  v e c t o r  a r e  the  c o o r d i n a t e s  of  the  pole  of r o t a t i on  in the conven t iona l  
s y s t e m ,  and the  t h i rd  i s  e s s e n t i a l l y  the  d i f f e r e n c e  be tween  U . T .  ( s t r i c -  
t l y  U. T. 1. ) and the  t i m e  by the  c lock .  

A l l  t h r e e  componen t s  of  th i s  v e c t o r  a r e ,  in p r i n c i p l e ,  r e q u i r e d  
by a s u r v e y o r  who w i s h e s  to c o n v e r t  h i s  a s t r o n o m i c a l l y  o b s e r v e d  l o n g i -  
t udes ,  l a t i t udes  and a z i m u t h s  t o  the  conven t iona l  sy s t em .  

The p r e c i s e  d e t e r ~ t - ~ t i o n  of  the  c o o r d i n a t e s  of the  p o l e ,  f r o m  
la t i tude  o b s e r v a t i o n s ,  ha s  been  c a r r i e d  out by the  i n t e r n a t i o n a l  La t i tude  
S e r v i c e  f o r  the  pas t  60 y e a r s ,  w h e r e a s  the d e t e r m i n a t i o n  of the t h i r d  
componen t  of the  v e c t o r  has  only b e c o m e  p o s s i b l e  dur ing  the  l a s t  decade  
o r  so,  with the i n c r e a s e d  p r e c i s i o n  of  c locks  and of the a s t r o n o m i c a l  
d e t e r m i n a t i o n  of t ime .  

Now that  both a s t r o n o m i c a l  t i m e  and la t i tude  can be d e t e r m i n e d  
s i m u l t a n e o u s l y  with equa l  p r e c i s i o n ,  and indeed with the  s a m e  i n s t r u -  
men t ,  i t  i s  d e s i r a b l e  to e x a m i n e  w he the r  a c o m p l e t e  solut ion of the  
p r o b l e m  is  p r a c t i c a b l e ,  in which both t i m e  and la t i tude  o b s e r v a t i o n s  a r e  
included.  

2. C o n s i d e r  a pos i t i ve  o r thogona l  t r i a d  of uni t  v e c t o r s  i ,  j ,  k such  
that  k i s  d i r e c t e d  t o w a r d s  the no r th  c e l e s t i a l  pole  and i ,  j a r e  in the  
p lane  of the c e l e s t i a l  equa to r  in the d i r e c t i o n s  whose  r igh t  a s c e n s i o n s  
a r e  t and t + 6 h w h e r e  t i s  the s i d e r e a l  t i m e  by s o m e  s t andard  c lock.  
T h i s  t r i a d  is  ro t a t ing  about k with angu l a r  v e l o c i t y  a p p r o x i m a t e l y  equa l  
to that  of the E a r t h  i t s e l f .  We a s s u m e  that  t a p p r o x i m a t e s  to l o c a l  
s i d e r e a l  t i m e  on the  z e r o  m e r i d i a n .  

If e r r o r s  in s t a r  p l a c e s  a r e  n e g l e c t e d  then  a s t r o n o m i c a l  o b s e r v a -  
t ions  of l a t i tude ,  and of t i m e  r e l a t i v e  to the c lock ,  y i e ld  the la t i tude  
and longi tude of the d i r e c t i o n  along the  upward  v e r t i c a l  at the s t a t ion  
in the s y s t e m  (i, j ,  k). If ~ ,  k a r e  the  a s s u m e d  la t i tude  and longi tude  
(West),  r e f e r r e d  to conven t iona l  a x e s  f ixed  in the E a r t h ,  and if  ~ + & , ,  
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k + A k a r e  t h e  i n s t a n t a n e o u s l y  o b s e r v e d  l a t i t u d e  and  l o n g i t u d e ,  t h e n  we 
h a v e  t h e  f o l l o w i n g  w e l l - k n o w n  e q u a t i o n s  

x c o s  X + y s in  X - A~ (1) 

�9 s l .  ~ s l .  k - y s l .  ~ c o s  k + 15. cos 4 = A k c o s  ~ (2) 

in  w h i c h  x ,  y a r e  t h e  c o o r d i n a t e s  o f  t h e  p o l e  of  r o t a t i o n  r e l a t i v e  t o  t h e  
c o n v e n t i o n a l  p o l e ,  in  t h e  u s u a l  s e n s e ,  and  15s i s  t h e  l a g  in  t h e  a n g u l a r  
r o t a t i o n  o f  t h e  E a r t h  abou t  k r e l a t i v e  to  t h e  s y s t e m  (i,  j ,  k). 

T h e  q , ,~n t i t i e s  (y, x ,  15s) f o r m  a v e c t o r  w h i c h  d e s c r i b e s  t h e  
c o m p l e t e  s m a l l  r o t a t i o n  of  (i ,  j ,  k) r e l a t i v e  t h e  c o n v e n t i o n a l  a x e s  and  
t h e  g e n e r a /  p r o b l e m  i s  e s s e n t i a l l y  to  d e t e r m i n e  t h e  t h r e e  c o m p o n e n t s  
of  t h i s  v e c t o r .  

T h e  p r a c t i c e  h i t h e r t o  h a s  b e e n  t o  u s e  (1) a s  an  e q u a t i o n  o f  c o n d i -  
t i o n  to  d e t e r m l - e  x and  y and  t h e n  to  d e t e r m i n e  s f r o m  (2) u s i n g  t h e s e  
v a l u e s  o f  x and y.  T h e  s u g g e s t i o n  pu t  f o r w a r d  in  t h i s  p a p e r  i s  t h a t  bo th  (1) 
a n d  (2) s h o u l d  b e  u s e d  t o g e t h e r  a s  e q u a t i o n s  of  c o n d i t i o n  f o r  y ,  x and  
s .  O b s e r v a t i o n s  wi th  P h o t o g r a p h i c  Z e n i t h  T u b e s  y i e l d  A ~b and  A k c o s  ~b 
s i m n l t a n e o u s l y  w i t h  t h e  s a m e  p r e c i s i o n ;  t h i s  i s  a l s o  t r u e  o f  A s t r o l a b e s  
p r o v i d e d  t h a t  t h e  s t a r s  o b s e r v e d  a r e  s u i t a b l y  d i s t r i b u t e d  in  a z i m u t h .  

3. W e  c o n s i d e r  f o r  p u r p o s e  o f  i l l u s t r a t i o n  t w o  h y p o t h e t i c a l  s o l u t i o n s  
f o r  s e v e n  s t a t i o n s  e q u i p p e d  wi th  P Z T s ,  a s  f o l l o w s  : 

S o l u t i o n  A : L a t i t u d e  o b s e r v a t i o n s  o n l y  [ e q u a t i o n  ( 1 ) ]  

S o l u t i o n  B : C o m b i n e d  l a t i t u d e s  and  l o n g i t u d e s  [ e q u a t i o n s  ( i )  and  (2) ] .  

T h e  a d o p t e d  c o o r d i n a t e s  o f  t h e  s t a t i o n s ,  t o g e t h e r  w i th  t h e  c o e f f i c i e n t s  in  
t h e  e q u a t i o n s  o f  c o n d i t i o n  a r e  g i v e n  in  T a b l e  I. 

T A B L E  I 

S t a t i o n  

N e u c h a t e l  
H e r s t m o n c e u x  

O t t a w a  
Washington 

l~ichmond 

M i z u s a w a  
T o k y o  

- 6 5 7 .  
- 0 2 0 .  

+ 75 43.  
+ 77 3, 
+ 80 22.  

-141 7. 
-139 32.  

5 +46 
3 +50 

0 +45 
9 +38 
8 +25 

9 +39 
5 +35 

5 9 . 9  
52 .3  

2 3 . 6  
55�9  
3 7 . 5  

8 . 1  �84 

40.4 

, s  X 

�9 9 9 3  
�9 000 

�9 247 
�9  
�9 167 

�9 779 
�9  

s l ,  k 

-. 12] 
-. OOE 

F. 9 6 ~  
F. 97E 

~. 98E 

-. 62~ 
-. 64~ 

s i .  X c o s  k 

-.088 -.726 

-. 005 I -. 776 

+. 69(] -. 176 
+ .612  - . 1 4 1  
+. 427 1 - .  072 

- . 3 9 6  + .492  
- .  378 + . 4 4 4  

c o s  ~b 

+. 682 
+. 631 

+. 702 
+�9 
+. 902 

+.77E 
+�9 812 

T h e  r e l a t i v e  w e i g h t s  f r o m  t h e  two  s o l u t i o n s ,  g i v i n g  u n i t  w e i g h t  
to  e a c h  e q u a t i o n  o f  c o n d i t i o n ,  a r e  g i v e n  in T a b l e  II.  
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TABLE II 

Weight of x 
I !  I !  

Y 
" " 15s 

Solution A Solution B 

2.7 

3.0 

4 .3  

5 .0  

3 . 8  

It will be seen that the inclusion of the longltude equations Increa- 
ses the weights of x and .y by roughly 60 %. 

4. We have  h i t he r to  a s s u m e d  that  a s ing le  s t a n d a r d  c lock  i s  a c c e s -  
s ib le  to a l l  o b s e r v e r s .  Th i s  is  only a p p r o x i m a t e l y  t r ue .  In o r d e r  to m a k e  
use  of t i m e  o b s e r v a t i o n s  at s e v e r a l  s t a t ions  i t  i s  n e c e s s a r y  to c o m p a r e  
t h e i r  l oca l  c locks  by m e a n s  of r e c e p t i o n  t i m e s  of s o m e  t i m e  s i g n a l .  
I n t e r c o m p a r i s o n s  a r e ,  a t  p r e s e n t ,  made  us ing  sho r t  wave  r ad io  s ignals ,  
and v a r i a t i o n s  In t r a v e l  t i m e  can o c c u r ;  t hey  a r e ,  h o w e v e r ,  v - l t l r e l y  to 
cause  e r r o r s  g r e a t e r  t b , ,  a m i l l i s e c o n d  when a v e r a g e d  o v e r  p e r i o d s  of 
the o r d e r  of  a month,  at  l e a s t ,  o v e r  long d i s t a n c e s .  It  i s  to be hoped 
that  the  in t roduc t ion  of V L F  t r a n s m i s s i o n s  f r o m  s e v e r a l  s t a t ions  wi l l  
make  a s ing le  t i m e  s y s t e m  u n i v e r s a l l y  ava i l ab l e .  

As  f a r  as  the  d e t e r m i n a t i o n s  of  x and y a r e  c o n c e r n e d ,  the  a c t u a l  
s t andard  c lock  used  i s  c l e a r l y  i r r e l e v a n t ;  the va lue  of s d e r i v e d  f r o m  
the g e n e r a l  solut ion wi l l  be the lag  of the E a r t h  r e l a t i v e  to the  c lock ,  
as  indica ted  by the a v e r a g e  a s t r o n o m i c a l  t i m e  of the  s t a t ions  inc luded.  
If, h o w e v e r ,  the s t andard  c lock  is  c o n t r o l l e d  by a c a e s i u m  f r e q u e n c y ,  
then s is  the lag of the  E a r t h  r e l a t i v e  to c a e s i u m � 9  and i s  of c o n s i d e r a b l e  
i n t e r e s t .  

5. The  p r a c t i c a b i l i t y  of us ing  t i m e  o b s e r v a t i o n s  f o r  d e t e r m i n i n g  x 
and y ,  a s  we l l  as  s ,  was t e s t e d  by m e a n s  of the  P Z T  o b s e r v a t i o n s  
m a d e  at H e r s t m o n c e u x ,  Washington and Tokyo f o r  the p e r i o d  1956.3 to 
1960.0.  

The UT2 s y s t e m s  of the t h r e e  o b s e r v a t o r i e s  f r o m  1956 to  1958 
have  been  c o m p a r e d  with a m e a n  s y s t e m ,  M�9 in the  s e n s e  M s low r e l a -  
t ive  to U T 2 ,  by T o r a o  �9 I i j ina  and Okazak i  [ 1]. In so f a r  a s  UT2 at 
each  o b s e r v a t o r y  does  not s t r i c t l y  r e p r e s e n t  the  a s t r o n o m i c a l  o b s e r -  
va t i ons ,  c o r r e c t i o n s  w e r e  appl ied  to obtain M s low on a s t r o n o m i c a l  t i m e  
c o r r e c t e d  fo r  po l a r  v a r i a t i o n  and annual  f luc tua t ion  by m e a n s  of the  data 
publ i shed  in the Bul le t in  H o r a i r e .  

The  Greenwich  UT2 was  only ba sed  on the  P Z T  o b s e r v a t i o n s  
a f t e r  1957.5,  w h e r e a s  o b s e r v a t i o n s  w e r e  a c t u a l l y  a v a i ~ b l e  f r o m 1 9 5 6 . 3 ;  
a l so  a f t e r  1957.5 the o b s e r v a t i o n s  had been  h e a v i l y  smoo thed  in d e r i v i n g  
U T 2 .  It was t h e r e f o r e  decided to adopt c o r r e c t i o n s  f o r  each  t en th  of 
a y e a r  o v e r  the  whole p e r i o d ,  to r e d u c e  UT2 to a s t r o n o m i c a l  t i m e  ; 
t h e s e  c o r r e c t i o n s  w e r e  appl ied  to the  quan t i t i e s  G-M in Tab le  5 of the  
Tokyo Bul le t in .  
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The Washington-UT2 is formed from the mean of observations 
made at Washington and Richmond. It was therefore necessary to adopt 
mean values of "Observed rn~nus Adopted" clock corrections for Washing- 
ton only, from U.S. Naval Observatory Bulletins A, for each tenth of 
a year, and apply these to W-M as given in the Tokyo Bulletin. 

T h e  Tokyo  o b s e r v a t i o n s  w e r e  a s s u m e d  to  be  a d e q u a t e l y  r e p r e s e n t e d  
b y  t he  Tokyo  UT2.  

F o r  1959 t h e  a s t r o n o m i c a l  o b s e r v a t i o n s  a t  e a c h  s t a t i o n  w e r e  r e -  
f e r r e d  to  t he  r e c e p t i o n  t i m e  a t  H e r s t m o n c e u x  of  t h e  GBR s i g n a l .  T h e  
t r a v e l  t i m e s  adop t ed  w e r e  t h o s e  g i v e n  in  t h e  Tokyo  B u l l e t i n .  T h e  W a s -  
h i n g t o n  o b s e r v a t i o n s  w e r e  m a d e  a v a i l a b l e ,  in  a d v a n c e  of n o r m a l  p u b ] / -  
c a t i o n ,  b y  a r r a n g e m e n t  b e t w e e n  t h e  U . S .  N a v a l  O b s e r v a t o r y  an d  t h e  
R o y a l  G r e e n w i c h  O b s e r v a t o r y ,  an d  w e r e  c o r r e c t e d  a s  d e s c r i b e d  a b o v e .  
T h e  Tokyo  o b s e r v a t i o n s  w e r e  t a k e n  f r o m  th e  Tokyo  T i m e  S e r v i c e  B u l -  
l e t i n s .  

S ince  a l l  t h e  a s t r o n o m i c a l  o b s e r v a t i o n s  h a d  b e e n  c o r r e c t e d  f o r  
p o l a r  v a r i a t i o n  d e r i v e d  f r o m  t h e  S . I . R .  an d  f o r  t h e  a n n u a l  f l u c t u a t i o n  
a d o p t e d  b y  t h e  B. I .H .  i t  was  e x p e d i e n t  to  d e r i v e  d i f f e r e n t i a /  c o r r e c t i o n s  
to  t h e s e ,  A x,  A y ,  A s .  

L e t  C be  t he  a m o u n t  b y  w h i c h  t h e  s t a n d a r d  c l o c k  i s  s l ow  c o m p a r e d  
wi th  a s t r o n o m i c a l  t i m e  U T 2 ,  t h e n  ff v a r i a t i o n s  b e t w e e n  s t a t i o n s  a r e  
to  b e  a s c r i b e d  to  A x,  A y,  A s t h e  e q u a t i o n  of c o n d i t i o n  i s  

A x  s i .  ~ s i .  k - A 7 s i .  ~ cos k + 1 5 A s  cos ~ = - 1 5 C  cos ~ (3) 

I f  C H C W C T a r e  t he  v a l u e s  o f  C f o r  t he  t h r e e  s t a t i o n s ,  H e r s t -  

m o n c e u x ,  W a s h i n g t o n  and T o k y o  r e s p e c t i v e l y ,  t h e n  f r o m  the  da te  in  
T a b l e  I we  f i nd  

- . 0 0 7 3  A x  - 1 .2293 A y  + 15 A s  = -15  C H 

+.7870  A x  - ~1807 A y  + 15 A s  = -15  C W 

- . 4 6 5 8  A x  + .5462  A y  + 15 A s  = -15 C T 

w h e n c e  

A x  = +5 .766  C H - 14 .083  CW + 8 .317  C T 

A y  = + 9 .  937 C H - 3. 637 C W - 6. 300 C T 

15 A s  -- -2.  742 C H - 4.  574 CW - 7. 684 CT 

T h e  v a l u e s  of x and  y w e r e  t h e n  c o m p a r e d  wi th  t h e  p r o v i s i o n a l  
r e s u l t s  of  t he  I . L . S .  [ 2 ] ,  [3].  M e a n  v a l u e s  w e r e  a d j u s t e d  to  be  t h e  
s a m e  a s  t h e  I. L . S .  o v e r  t h e  whole  p e r i o d  by  a p p l y i n g  c o r r e c t i o n s  to  
t h e  r e l a t i v e  l o n g i t u d e s  of t h e  s t a t i o ] i s .  T h e  c o r r e c t i o n s  to  t h e  a d o p t e d  
l o n g i t u d e s ,  r e l a t i v e  to  G r e e n w i c h ,  w h i c h  w e r e  a c t u a l l y  ap p ] / ed  w e r e  : 

W a s h i n g t o n  -0 s 0638 

Tokyo  -0 .  s 0248 
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Table  HI con ta ins  the adopted va lues  of C H C W and C T r e f e r r e d  

to th i s  s y s t e m  of longi tudes .  The quant i ty  a is  the amoun t  by which the 
adopted t i m e  s y s t e m  is  s low c o m p a r e d  with a t i m e  s y s t e m  based  on an  
i n t eg ra t i on  of the f r equency  of the c a e s i u m  r e s o n a t o r  at  the Na t iona l  
P h y s i c a l  L a b o r a t o r y .  The f r equency  adopted in  the p r e s e n t  work was 
9 192 631 913 c / s  of UT2. The quan t i t i e s  x ,  y ,  s a r e  the concluded 
va lues  of the coord ina t e s  of the pole (in seconds  of a rc )  and lag of the 
E a r t h  r e l a t i v e  to c a e s i u m  (in seconds  of t ime)  fo rmed  by adding Ax, 
A y ,  to the  S . I . R .  coord ina tes  of the pole and  As  + a to the B . I . H .  
adopted ~ , n u a l  f luctuat ion.  

Fig. 1 shows the concluded values of x and y compared with the 
I. L.S. values. The agreement is good, particularly in the x coordinate. 
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Date 

1956.3 

.4 

.5 

.6 

.7 

.8 
.9 

1957.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1958.0 
. I  
.2 
.3  

.4 

.5 

.6 

.7 

.8 

.9 

1959.0 
.1 
.2 
.3 
.4 

.5 

.6 

.7 

.8 

.9 

1960.0 
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CH 

B 

+ .  0080 
+ .  0 0 8 7  

+ .  0 0 5 2  
- .  0026 
- .  0 0 4 5  
- .  0 0 4 5  
- . 0 0 1 1  

+. 0034 
+. 0103 
+. 0175 
+. 0095 
+. 0003 

- .  0021 
-. 0088 
-. 0102 
- .  0096 
- .  OO53 

- .  0004 
+. 0054 
+. 0054 
+. 0053 
+. 0043 

- .  0009 
- .  0040 
+. 0032 
+.0101 
+. 0098 

- .  0037 
- .  0 0 4 2  
+ .  0 0 6 4  
+ . 0 1 9 9  
+ .  0 1 7 2  

+. 0036 
+. 0013 
+. 0011 
- .  0104 
- .  0092 

+. 0006 

CW 

s 

- .  0044 
- .  0025 

- .  0064 
- .  0090 
- .  0071 
- .  0006 
+. 0031 

+. 0 0 2 7  
-.0010 
- .  0028 
- .  0065 
- .  0086 

- . 0 0 5 0  
- ~, 0044 
-. 0050 
- .  0036 
- .  0001 

- .  0019 
- .  0028 
-.0051 
- .  0105 
- .  0106 

-.0100 
- .  0078 
-. 0038 
- .  0009 
- .  0032 

- .  0230 
- .  0243 
- .  0137 
- ,  0 0 2 7  
- .  0 0 4 8  

- .  0148 
- .  0215 
- .  0243 
- .  0281 
- .  0240 

- .  0112 

TABLE III 

C T a 

S S 

-. 0033 
+. 0001 

-. 0034 
+. 0026 

+. 0036 
+. 0054 
-. 0029 

-. 0094 
-. 0015 
+. 0016 
+. 0058 

+. 0014 

+. 0003 

+. 0016 
+. 0012 
- .  0033 
- .  0036 

+. 0007  
- .  0 0 3 9  
- .  0 1 2 1  

- .  0092 
- .  0146 

- .  0102 
+. 0043 
+. 0034 
- .  0033 
- .  007 5 

-.0201 
- .  0231 
-.  0160 
- .  0071 
- .  0149 

- .  0207  
- .  0 2 7 1  
- .  0337 
- .  0319 
- .  0267 

- .  0159 

+. 1034 
+. 0849 

+. 0672 
+.0530 
+. 0425 
+. 0317 
+.0271 

+. 0226 
+.0153 
+. 0082 
- .  0017 
- .  0064 

- .  0057  
- .  0 0 7 7  
- .  0 0 4 9  
+. 0003 
+. 0055 

+. 0092 

+. 0089 
+~ 0066 
+. 0047 
+. 0057 

+. 0043 
+. 0032 
+. 0037  
+ .  0 0 5 4  
+. 0103 

+ .  0 0 3 6  
- .  0 0 3 9  
+ .  0 0 5 5  
+ .  0 0 4 4  
- .  0 0 4 3  

- . 0 1 9 9  
- .  0 3 0 5  
- .  0 2 2 3  
- .  0 3 4 2  

.0116 

+. 0003 

X 

+ . 2 5 3  
+ . 2 5 0  

+ . 2 4 6  
+ . 2 4 6  
+ .  133  
- .  039  
- . 2 5 5  

- . 3 6 3  
-.201 
+.015 
+.201 
+. 303 

+.  373 
+ .369  
+. 326 
+. 104 
- .  116 

-.211 
-.242 
-.241 
- .  034 
+. 051 

+.181 
+.361 
+. 424 
+, 357 
+. 196 

+. 093 
- .  O58 
- .  143 
- .  137 
- .  137 

- .  037 
+.127 
+.284 
+. 322 
+.272 

+. 139 

Y 

I f  

+ . 3 1 3  
+. '155 

+. 072 
- . 0 5 0  
- .  060 
- .  080 
+ .053  

+ . 2 3 6  
+ . 3 7 6  
+.538 
+. 497  
+.410 

+ . 2 5 8  
+ . 0 5 5  
- .  065 
- .  136 
- .  147 

- .  097  
+ . 1 3 0  
+ .386  
+. 520 
+ .598  

+. 502 
+.263 
+ .  159  
+. 071 
- .  056 

- .  079 
- .  016 
+.101 
+.272 
+. 423 

+. 429 

+.456 
+. 420 
+.236 
+.131 

+. 043 

s 

s 

+. 1307 

+.11911 

+. 09251 
+. 05061 
+ . 0 1 9 0  
+. 0029 
+. 0099 

+.0150 
+. 0087 
+.0118 
+.0211 

+. 0306 

+ . 0 1 9 0  
- .  0096 
- .  0 2 6 7  
- . 0 2 2 O 1  
- .  0 0 9 9  

-.0015 
+.0050 
+. 0201 
+ .  0 3 7 1  
+. 0508 

+. 0 3 5 7  
+. 0001 
- .  022O 
- .  0213 
-. 0 0 4 9  

+ .  0 1 0 6  I 
+.OLO31 
+. 0234 
+ .0307  I 
+ ,0369  

+ . 0 1 7 5  
- .  0 1 4 2  
- .  0 2 2 4  
- . 0 3 4 3  
- .  0 0 7 1  

+ .  0007  
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THE SYMMETRY OF THE TIME AND LATITUDE PROBLEMS 

The  t h i r d  componen t  of the ro t a t ion  v e c t o r ,  n a m e l y  s ,  the lag  
of the E a r t h  r e l a t i v e  to c a e s i u m  i s  g iven  in F ig .  2, t o g e t h e r  with the 
annual  f luc tua t ion  adopted by the B. L H. T h e r e  was c l e a r l y  an abrupt  
change  in the  r a t e  of ro ta t ion  at o r  about 1957.2 ,  but s ince  ~hen the 
m e a n  r a t e  r e l a t i v e  to c a e s i u m  has  r e m a i n e d  v i r t u a l l y  constant .  The  
o b s e r v a t i o n s  at the  t h r e e  s ta t ions  ind ica te  t h a t ,  whi le  t h e r e  i s  l i t t l e  
change  in the  f luc tua t ion  f r o m  y e a r  to y e a r ,  the o b s e r v e d  lag  at  the 
beg inn ing  of  the  y e a r  i s  g r e a t e r  than  that  p r e d i c t e d  by the B. I .H .  It 
would c l e a r l y  be  p o s s i b l e  to obtain  s r e l a t i v e  to  any conven ien t  c lock  
o r  t i m e  s i g n a l  at  the s a m e  t i m e  as  x and y s i n c e  t i m e  and la t i tude  
o b s e r v a t i o n s  a r e  a v a i l a b l e  equa l ly  p rompt ly .  

6. The  e s s e n t i a l  uni ty  of the  t i m e  and l a t i tude  p r o b l e m s  has  been 
s t r e s s e d .  It  has  been  shown t h a t ,  in t h e o r y ,  the i nc lu s ion  of t i m e  
o b s e r v a t i o n s  with a g e n e r a l  so lu t ion  wi l l  s i g n i f i c a n t l y  i n c r e a s e  the 
weigh ts  of  the  c o o r d i n n t e s  of the  pole .  It has  a l s o  been  shown that ,  in 
p r a c t i c e ,  t i m e  o b s e r v a t i o n s  by t h e m s e l v e s  a r e  capab le  of g iv ing  a v e r y  
s a t i s f a c t o r y  r e p r e s e n t a t i o n  of the p o l a r  mo t ion  in sp i t e  of t h e i r  r e d u c e d  
weight  c o m p a r e d  with  l a t i tude  o b s e r v a t i o n s .  The  dev ia t ion  of  the  ro t a t i on  
of  the E a r t h  f r o m  a c a e s i u m  s t anda rd  h a s  a l s o  been  d e t e r m i n e d  and 
the  p r e d i c t e d  annua l  f luc tua t ion  publ i shed  by the  B . I . H .  has  been  c l o s e l y  
c o n f i r m e d .  

At  p r e s e n t  both t i m e  and la t i tude  a r e  be ing  o b s e r v e d  s i m u l t a n e o u s l y  
at  a n u m b e r  of  s t a t ions  us ing  P E T s  and a s t r o l a b e s  and the  a s t r o n o -  
m i c a l  p r o b l e m s  i nvo lved  a r e  the  s a m e  f o r  each  coo rd ina t e .  It t h e r e f o r e  
s e e m s  l o g i c a l  to sugges t  tha t  the  d e r i v a t i o n  of de f in i t ive  v a l u e s  of  the 
c o o r d i n a t e s  of the  pole  and of the ro t a t i on  of the  E a r t h  r e l a t i v e  to c a e -  
s i u m ,  and p e r h a p s  a l so  s o m e  s e l e c t e d  t i m e  s i g n a l s ,  should be the  r e s -  
p o n s i b i l i t y  of a s ing le  au thor i ty ,  and that  both t i m e  and la t i tude  o b s e r -  
v a t i o n s  should  be inc luded  t o g e t h e r  in a g e n e r a l  so lu t ion .  

7. A c k n o w l e d g m e n t s .  

I a m  g r a t e f u l  to Dr.  R. d 'E .  Atk inson  f o r  h i s  he lp fu l  c r i t i c i s m s  
and sugges t i ons .  I a l s o  wish  to thank M i s s  C. J .  A.  Penny  who co l l a t ed  
the  a s t r o n o m i c a l  o b s e r v a t i o n s  f r o m  the  bu l l e t i n s  of the v a r i o u s  t i m e  
s e r v i c e s  and suppl ied  data  pe r t a i n ing  to  the c a e s i u m  in t eg ra t i on ,  and 
Mr .  C. C. H a r r i s  who a s s i s t e d  with the  c a l c u l a t i o n s .  
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