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ABSTRACT 

A f t e r  a b r i e f  review of t h e  h i s t o r i c  s t a t u s  of HF 
s t a n d a r d  f requency  and t ime s i g n a l  t r a n s m i s s i o n  
(call s i g n s  are BPV and XSG r e s p e c t i v e l y )  a t  
Shanghai Obsewatory(S0)  , t h i s  paper  d e s c r i b e s  
r e c e n t  p r o g r e s s  i n  t ime comparison and 
s y n c h r o n i z a t i o n  a t  SO, i n c l u d i n g  Loran C,TV 
synchronization,portable c l o c k , l a s e r  p u l s e s  and 
g e o s t a t i o n a r y  s a t e l l i t e  methods. F i n a l l y , t h e  i 

planned i n t e r n a t i o n a l  T / F  l i n k s  between SO and 
o t h e r  T / F  l a b o r a t o r i e s  w i l l  a l s o  b e  p r e s e n t e d , s u c h  
as t h e  u t i l i z a t i o n  of t h e  ranging s i g n a l s  of t h e  
Japenese  G e o s t a t i o n a r y  Meteoro log ica l  S a t e l l i t e , t h e  3 
Global  P o s i t i o n i n g  System (GPS) and t he  VLBI 
technology . 

1. H i s t o r i c  Review 

Radio t ime  s i g n a l  t r a n s m i s s i o n  i n  HF band has  been c a r r i e d  out by 
t Shanghai Observatory (SO) f o r  more t h a n  s i x t y  y e a r s .  For a long 

p e r i o d  of t ime b e f o r e  1981, SO was i n  charge of t h e  n a t i o n a l  r a d i o  
I 

t ime  s e r v i c e  i n  China which provided t h e  u s e r s  wi th  p r e c i s e  t ime of 
UT1 and UTC. The h i s t o r i c  s t a t u s  of t h e  r a d i o  t ime s i g n a l  s e r v i c e  a t  

3 

4 
SO a r e  g i v e n  i n  Tab le  1. 

1 
i 

Table  1. Radio t ime s i g n a l  s e r v i c e  a t  SO 

c a l l  s ign  type of t i m e  c a r r i e d  s e r v i c e  a c c u r a c y  
s i g n a l  frequency(MHz) p e r i o d ( y e a r )  l e v e l  

I 

---- Morse code HF 1914 - 1940 
---- rythmic HF 1940 - 1954 
XS G UT 1 0.5225,6.454, 1954 - 

8.487,12.954, 
16.938 

BPVl UT1 5.430,9.351 1955 - 1981 
c i v i l  UT 1 MF 1955 - 
( v i a  r a d i o  b r o a d c a s t  s t a t i o n  a t  Shanghai)  
BPV3 UT1 5 ,10,15 1958 - 1981 
BPV2 UTC 5 ,10,15 1970 - 1981 

The s e r v i c e  of BPV s t a n d a r d  f requency  and t ime s i g n a l  t r a n s m i s s i o n  
l a s t e d  2 3  y e a r s .  T i l l  1978, i t  reached t h e  1*10E-10 t r a n s m i s s i o n  
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p r e c i s i o n  of frequency and t lme i n t e r v a l ,  i . e .  t he  c o n t r o l  accuracy  of 
t i m e  s i g n a l  emiss ion  was 10  microseconds.  The emiss ion  
c h a r a c t e r i s t i c s  were d e s c r i b e d  i n  Tab le  2. 

T a b l e  2. The c h a r a c t e r i s t i c s  of BPV emiss ion  

f requency  an tenna  type  an tenna  r e c e i v e d  f i e l d  s t r e n t h  a t  
(MHz) e l e v a t i o n  one hop d i s t a n c e  E r ( ~ ~ v / m )  

5 b i c o n i c a  1 27* 02' 16.8  
10 b i c o n i c a  1 13'52' 37.5 
15 b i c o n i c a  1 8' 4 3- 5.7 

I n  J u l y  1981, BPV s t a t i o n  ended i t s  s e r v i c e ,  and a n o t h e r  new s t a t i o n  
BPM managed by Shaanxi Observa to ry ,  was put i n t o  s e r v i c e .  Now, t h e  XSG 
UT1 t ime s i g n a l  t r a n s m i s s i o n s ,  s t i l l  main ta ined  by Shanghai 
Observa to ry ,  p r o v i d e s  s t a n d a r d  t i m e  f o r  n a u t i c a l  s h i p s .  It works two 
t i m e s  p e r  day a t  UT 03h and 09h and h a s  a  s p e c i a l  program f o r  t ime 
s i g n a l .  

2. Recent P r o g r e s s  I 
2.1 LF n a v i g a t i o n  s i g n a l  
SO s t a r t e d  t o  r e c e l v e  c o n t i n u o u s l y  t h e  Y and M s t a t i o n s  of t h e  
Northwest P a c i f i c  Loran C c h a i n  f o r  t lme comparison i n  1976 and 1985 
r e s p e c t i v e l y .  S i n c e  1981 , the  BPL LF t ime  s i g n a l  t r a n s m i t t e d  by Shaanxi 
Observatory a l s o  h a s  been r e c e i v e d  by S 0 , a s  a  moni to r  s t a t i o n  f o r  BPL 
t r a n s m i s s i o n .  The time d e l a y ,  f i e l d s  t r e n g t h ,  E r  and t h e  normal 
measurement p r e c i s i o n  S(hour)  f o r  each s t a t i o n  r e c e i v e d  a t  Shanghai 
Observatory a r e  g i v e n  i n  Table 3. 

Tab le  3. Performances of t h e  r e c e i v e d  LF t ime  s i g n a l  a t  SO 

s t a t i o n  d i s t a n c e  r e c e i v e r  total Er(db) S (hour) 
(km) d e l a y ( a s )  d e l a y ( u s )  (*1 OE-12) 

9970-Y 828.841 25.9 62286.15 74.4 8.3 
997044 2077.737 26.2 6991.59 75.6 50.0  

B PL 1184.763 16.2 4005.19 57.0 33.1 

A t  p r e s e n t ,  LC19970 s t i l l  i s  t h e  impor tan t  l i n k  between S O  and t h e  BIH 1 
and o t h e r  T /F  Labs. Through i t , t h e  UTC t ime  s c a l e  and TA t ime  s c a l e  of 
Shanghai Observatory have been i s s u e d  i n  B I H  C i r c u l a r  D s i n c e  1983 and 
1984 r e s p e c t i v e l y .  \ 
2.2 P a s s i v e  TV comparison 
Using t h e  l i n e  6 of t he  odd frame TV s i g n a l  b roadcas ted  by t h e  Chinese 
C e n t r a l  TV s t a t i o n  as a common r e f e r e n c e , t h e  p a s s i v e  TV t ime  
comparison has  been used by v a r i o u s  T/F Labs i n  China a t  a  routine 
bases. The adopted v a l u e s  of p ropaga t ion  d e l a y  and measurement 
p r e c i s i o n  f o r  some s t a t i o n s  a r e  g i v e n  i n  Tab le  4,among these,BAO i s  
B e i j i n g  Obs. ,CSAO i s  Shaanxi Obs. ,WTO f s Wuhan Obs. 



I T a b l e  4. TV s i g n a l  p ropaga t ion  d e l a y  and measurement p r e c i s i o n  
1 

s t a t i o n  d e l a y  s i n g l e  measurement two 0bs .syn.  
CCTV-Ob s . ( j s )  p r e c i s i o n ( n s )  p r e c i s i o n ( a s )  

BAO 75.3 25 0.1 
C SAO 3611.0 45 I 0.1 

SO 6830.4 2 5 0.1 
WTO 4086.6 2 5 0.2 

I n  o r d e r  t o  check t h e  accuracy  of TV method , severa l  p o r t a b l e  c l o c k  
t i m e  measurements were done between Shanghai and Shaanxi 
O b s e r v a t o r i e s .  Table  5 shows t h e  s y s t e m a t i c  d e v i a t i o n  between TV and 
P o r t a b l e  c lock .  

Tab le  5. Systematic d e v i a t i o n  between TV and p o r t a b l e  clock 

time October  1982 March 1984 June  1984 April 1985 
TV-PC(=s) -1.82 0.73 1.24 0.34 

The e a r l y  measurement i n  October  1982 showed t h e  l a r g e  d e v i a t i o n ,  
w h i l e  r e c e n t  measurements showed somewhat of an improvement. These 
d e v i a t i o n s  c o u l d  be  c o n s i d e r e d  t o  come from the  v a r i a n c e  of 
p r o p a g a t i o n  d e l a y  which can be checked by cak ing  more extended TV 
measurement d a t a  from more t h a n  t h r e e  T / F  Labs. Now we cou ld  
d i s t r i b u t e  t h e s e  d e l a y  v a r i a n c e s  t o  t h e  random changes of t h e  
equipment and c a b l e  a t  t h e  TV s t u d i o .  While  i t  i s  d i f f i c u l t  t o  
e s t i m a t e  t h e  accuracy  of t h e  p a s s i v e  TV method, i t  i s  thought  t o  b e  
one o r  two microseconds.  

2.3 p o r t a b l e  c l o c k  
S i n c e  1 9 8 1 , p o r t a b l e  c l o c k s  from t h e  U.S.Nava1 Observatory have been 
t aken  t o  some of t h e  Chinese T/F Labs f o u r  t imes. The t ime d i f f e r e n c e s  
of a tomic t ime s c a l e s  between USNO and each l a b o r a t o r y  were determined 
p r e c i s e l y  w i t h  a n  accuracy  of 0.1 microsecond,and t h e  t ime d e l a y  of 
Loran C s i g n a l  of Northwest P a c i f i c  c h a i n  has  been checked. 

Tab le  6. Timing r e s u l t s  and s y s t e m a t i c  d e v i a t i o n s  v i a  LC and PC 

( i n  ss) 
d a t e  SO - USNO BAO - USNO CSAO - USNO 

LC PC L-P LC PC L-P LC PC L-P 
Aug.1981 1.8 5.9 -4.1 -2.6 2.9 -5.5 -2.8 3.2 -6.0 
Oct.1982 5.1 8.3 -3.2 -2.9 1.8 -4.7 -4.8 -0.5 -4.3 
Aug.1984 7.5 10.7 -3.2 1.0 5.3 -4.3 -16.2 -9.1 -7.1 
Apr.1985 7.3 9.9 -2.6 - - - -6.8 -2.0 -4.8 

i 
mean -3.3 -4.8 -5.6 
r.m.s. 0.62 0.61 1.2 
adopted 
d e l a y  62286.15 65708.35 66224.79 

I 
i 



From Table  6,we can s e e  t h a t  t h e  s y s t e m a t i c  d e v i a t i o n s  f o r  v a r i o u s  
l a b s  have a  common t r e n d , t h e  average  v a l u e  i s  about  -4.5 ~ s .  The 
i n c o n s i s t e n c y  of mean v a l u e s  between d i f f e r e n t  Labs shows t h a t  t h e r e  
s t i l l  a r e  some s y s t e m a t i c  d e v i a t i o n s  i n  t h e  p r e d i c t i o n  of groundwave 
d e l a y  and measurement of r e c e i v e r  d e l a y  f o r  v a r i o u s  Labs. The 
magni tudes  of r . m . s .  r e f l e c t  n o t  o n l y  t h e  u n c e r t a i n t y  of USNO 
c o r r e c t i o n ,  b u t  a l s o  t h e  u n c e r t a i n t i e s  of each measurement of portable 
c l o c k  and Loran C f o r  v a r i o u s  Labs. 

2 .4  L a s e r  p u l s e s  
T i m e  comparison experiment v i a  l a s e r  p u l s e s  h a s  been made between t h e  
two s e c t i o n s  of Shanghai Observa to ry ,  Zi-Ka-Wei and Zo-Se,separated by 
25.2 km i n  1982. I n  t h e  exper iment ,  a  Q-swi t c h  ruby l a s e r ,  
photo-receiving sys tem,  r e t r o - r e f l e c t o r s ,  0.1 n s e c  r e s o l u t i o n  c o u n t e r s  
as  w e l l  a s  rubidium c l o c k s  were used.  F1g.l shows t h e  b l o c k  diagram 
f o r  l a s e r  t ime comparison system. During t h e  exper iment ,  a  p o r t a b l e  
cesium c l o c k  comparison between Zi-Ka-Wei and Zo-Se s e c t i o n s  a l s o  was 
made s u c c e s s f u l l y  w i t h  a  u n c e r t a i n t y  o n l y  abou t  4 nsecs.Due t o  t h e  
d i f f i c u l t y  i n  measurement of photo-detector  d e l a y  a t  that: time,we d i d  
n o t  g e t  accuracy  e s t i m a t e  f o r  l a s e r  t ime comparison.  But t h e  r e s u l t  of 
t ime  f l u c t u a t i o n s  of about  1.3 nsec(r .m.s . )  f o r  two-minute 
measurements s t i l l  w a s  encouraging.  It was t h e  f i r s t  exper iment  i n  
China t o  g e t  such h i g h  p r e c i s i o n  f o r  t ime t r a n s f e r .  
Fur the rmore ,  a p r a c t i c a l  c a l c u l a t i o n  method f o r  t h e  r e l a t i v i s t i c  
c o r r e c t i o n  due t o  e a r t h  r o t a t i o n  e f f e c t  was proposed.  For  t ime 
t r a n s f e r  v i a  s a t e l l i t e , a  c o r r e c t i o n  v a l u e  d can be c a l c u l a t e d  a s  
fo l low:  
d=(~*T/2c)*cosH*sinA 
h e r e  ,c  i s  t h e  speed of l i g h t ,  
V i s  t h e  l i n e a r  speed of E a r t h  r o t a t i o n  a t  t h e  observ ing  s t a t i o n  B 
w i t h  l a t i l u d e  +, 
T i s  t h e  measurement v a l u e  of f l i g h t  t ime of l a s e r  o r  microwave s i g n a l  
t h a t  goes  back  and f o r t h  between two s t a t i o n s  of B and C ,  
H and A a r e  t h e  e l e v a t i o n  and t h e  azimuth of s a t e l l i t e  
r e s p e c t i v e l y , w h i c h  a r e  observed a t  s t a t i o n  B. 

2.5  Time comparison between China and France v i a  Symphonie S a t e l l i t e  I 

T h i s  was t h e  f i r s t  t ime t r a n s f e r  v i a  g e o s t a t i o n a r y  s a t e l l i t e  i n  which 
t h e  Chinese T/F Labs took  p a r t .  It was made between Shanghai and 
P a r i s  i n  June  1979,Fig .2  shows t h e  b l o c k  diagram of t h e  exper iment  
system and Tab le  7 d e s c r i b e s  the paramete rs  f o r  b o t h  ground s t a t i o n s .  



Table  7. Parameters  of ground s t a t i o n  

paramete r  
l o n g i t u d e  
l a t i t u d e  
an tenna  
e l e v a t i o n  
azimuth 
EIRP(dbw) 
emiss ion  
f requency  
r e c e i v i n g  
f requency  
1.F.hand 
f requency  
o f f s e t  
type  of s i g .  
modulat ion 

Hong-Qiao station 
121'20' E 

31'14' N 
1 0  mete r  

6:  4 
260: 6 

84 
6130 MHz 

( B  t r ansponder )  
4115 MHz 

(D t r a n s p o n d e r )  
30 MHz 

15KHz:51MHz/V 

TV type l p p s  
FM 

Pleumeur-Bodou s t a t i o n  
3"52' W 

48'47' N 
16 meter  

15:4 
120' 
85 

6340 MHz 
(D t r ansponder )  

3905 MHz 
( B  t r ansponder )  

30 MHz 
15~~z:5.1MHz/V 

TV t y p e  l p p s  
FM 

P r e c i s i o n  of 10 n s  was o b t a i n e d .  The mul t i - loop  de lay  measurement was 
used f o r  de te rmin ing  ins t rument  d e l a y  a t  Bong-Qiao s t a t i o n .  Because 
b o t h  d e l a y s  f o r  t h e  up and down f requency  t r a n s f o r m e r s  as w e l l  a s  
modulator  and demodulator can n o t  b e  s e p a r a t e d ,  t h e  accuracy  e s t i m a t e  
was about  100 nsecs .  

2 . 6  Time comparison between China and I t a l y  v i a  Sirio-1 sa te l l i t e  
The exper iment  was proposed and s t u d i e d  by I s t i t u t o  E l e c t r o t e c n i c o  
Nazionale  (IEN) and P o l i t e c n i c o  d i  T o r i n o , I t a l y .  I n  China,  
Shaanxi,Shanghai and B e i j i n g  O b s e r v a t o r i e s  t o o k  p a r t  i n  t h e  t ime 
comparison. Two p e r i o d s  of exper iment  were performed. 
The s e q u e n t i a l  mode of t h e  two-way techn ique  was t e s t e d  i n  t h e  f i r s t  
p e r i o d  i n  May and June  1984,  i . e . ,  s i g n a l  t r a n s m i s s i o n  on t h e  same 
communication channe l  i n  t ime s h a r i n g .  F i g . 3  shows t h e  b l o c k  diagram 
of t h e  exper imenta l  system. Tab le  8 d e s c r i b e s  t h e  parameters  f o r  b o t h  
ground s t a t i o n s .  Time comparison v i a  S i r io -1  l a s t e d  9 days ,  each day 
h a s  5-9 groups  of measurement w i t h  a n  i n t e r v a l  about  20 m i n u t e s ,  and 
each group l a s t e d  100 seconds  wi th  100 measurement d a t a .  Due t o  t h e  
f a c t  t h a t  t h e  I t a l i a n  p o r t a b l e  ground s t a t i o n  i n  B e i j i n g  was on ly  a  3m 
a n t e n n a ,  t h e  p r e c i s i o n  of t ime  comparison was l i m i t e d  t o  30 ns .  The 
d e l a y  of h i g h  f requency pa r t  i n  t h e  B e i j i n g  ground s t a t i o n  equipment 
was n o t  m e a s u r e d , i t  can be  e s t i m a t e d  w i t h  a n  u n c e r t a i n t y  of about  50 
n s .  A p o r t a b l e  c l o c k  t r i p  between IEN,Torino and B e i j i n g  was f a i l e d  
dur ing  t h e  r e t u r n  t o  T o r i n o ,  t h u s  t h e  p o r t a b l e  c l o c k  check was n o t  
o b t a i n e d .  



Table  8. Parameters  of b o t h  ground s t a t i o n s  

parameter  
l o n g i t u d e  
l a t i t u d e  
an tenna  
e l e v a t i o n  
azimuth 
e .  f requency 
r . f requency  
1.F.band 

s i g . t y p e  
modulat ion 

B e i j i n g  s t a t i o n  
116°18'43" E 

39'56'43" N 
3m 

19" 
240' 
17.1028 GHz 
11.5268 GHz 
2.5 MHz 

1.25 ~ H z ( n a r r o w )  
TV syn. p u l s e  

FM 

L a r i o  s t a t i o n  
9'24'33" E 

46'09'30" N 
16m 
13' 
d 

17.1028 GHz 
11.5268 GHz 

2.5 MHz 
1.25 MHzCnarrow) 
TV syn.  p u l s e  

FM 

The microwave t ime and rang ing  equipment w i t h  pseudorandom noise code 
t echn ique  c a l l e d  MITREX Modem was used i n  t h e  second p e r i o d  of 
exper iment  i n  February and March 1985. T h i s  Modem w a s  developed by 
Prof .Ph .Har t1 ,  S t u t t g a r t  Univers i ty ,Wes t  Germany. Prof .S .Lesch iu t t a  
and P r o f . P i s a n i ,  P o l i t e c n i c o  d i  T o r i n o , I t a l y ,  brought  i t  t o  B e i j i n g  
s t a t i o n  and performed t iming and ranging exper iments .  Shanghai and 
Shaanxi O b s e r v a t o r i e s  brought  t h e i r  r e s p e c t i v e  p o r t a b l e  cesium c l o c k  
t o  B e i j i n g  s t a t i o n  and  jo ined  t h e  t iming  exper iment .  F ig .  4  shows t h e  
MITREX Moden a t  B e i j i n g  s t a t i o n .  Table  9  g i v e s  t h e  p r e l i m i n a r y  
r e s u l t s .  PC(IEN) was an IEN p o r t a b l e  c l o c k  brought  t o  L a r i o  s t a t i o n  as 
a working c lock .  

Table 9 .  P r e l i m i n a r y  r e s u l t s  
~ 

d a t e  

Feb. 27 
Feb. 28 
March. 1 
March. 1 
March. 2 
March. 2 
March. 3 
March. 4  

t i m e  
(UT) 

12h 
12h 
1 O h 2 h  
12h 
1 Oh 06m 
12h 
12h 
12h 

s a t e l l i t e  l i n k  PC l i n k  
PC(S0)-PC(IEN) r . m . s .  ( n s )  UTC(S0,MC)-PC(S0) 

(4s ( u s  
2.888 
2.894 

10.037 0.75 
2.902 

10.040 0.83 
2.914 
2.927 
2.939 

U n f o r t u n a t e l y , t h e  S i r i o - 1  s a t e l l i t e  was a t  t h e  end of i t s  l i f e - t i m e ,  
i t  can no l o n g e r  be used f o r  exper iments .  

I - 

3. The Planned I n t e r n a t i o n a l  T/F Links  

3.1 G e o s t a t i o n a r y  Meteoro log ica l  s a t e l l i t e  (GMS-3) 
The proposed t ime t r a n s f e r  us ing  ranging s i g n a l  of t h e  Japanese  
G e o s t a t i o n a r y  Meteoro log ica l  S a t e l l i t e  i s  an  a v a i l a b l e  method of h i g h  



p o t e n t i a l  p r e c i s i o n  and r o u t i n e  c a p a b i l i t y  i n  t h e  r e g i o n  of t h e  
Northwest P a c i f i c .  Research work f o r  t h i s  p r o j e c t  h a s  been c a r r i e d  ou t  
a t  Shanghai Observatory.  The r e c e i v i n g  system f o r  r e c e p t i o n  of GMS's 
ranging s i g n a l  a t  1684 MNz,which i s  phase-modulated by a  200 KHz s i d e  
t o n e  and t h e  200 KIIz tone  i s  AM-modulated by a series of lower 
f requency  t o n e s ,  i s  being developed a t  SO under  t h e  t e c h n i c a l  
c o o p e r a t i o n s  of Radio Research L a b o r a t o r i e s  ( R R L ) ,  Japan.  A t  t h e  
beginning of 1985, a  6 meter d iamete r  a n t e n n a ,  t h e  f r o n t - t e r m i n a l  and 
h i g h  f requency  p a r t  of t h e  r e c e i v i n g  system were completed.  The 70  MHz 
I F  from ranging s i g n a l  h a s  been r e c e i v e d  s u c c e s s f u l l y .  

I According t o  t e c h n i c a l  parameters  of GMS's ranging s i g n a l  and t h e  

I r e c e i v i n g  ground s t a t i o n  a t  SO, e s t i m a t i o n  f o r  t h e  performance of t h e  
r e c e i v i n g  system and e r r o r  of t ime t r a n s f e r  between RRL,Tokyo and 
S0,Shanghai were made. The main f i g u r e s  a r e  a s  f o l l o w s  : 
r e c e i v e r  i n p u t  power -1 02.0 dbm 
o v e r a l l  c a r r i e r  t o  n o i s e  d e n s i t y  r a t i o  71.8 db.Hz 
s i g n a l  t o  n o i s e  r a t i o  i n  t h e  PLL 38.6  db 
p r e c i s i o n  of time t r a n s f e r  1 0  - 2 0  ns  
a c c u r a c y  of t ime t r a n s f e r  50 - 100 n s  

3 .2  V L B I  t ime t r a n s f e r  

A Mark-I1 VLBI  system w i t h  6 mete r  antenna has  been developed a t  
Zi-Ka-Wei s e c t i o n  of Shanghai Observatory.  By t h i s  sys tem,  we 
performed t h e  f i r s t  V L B I  exper iment  wi th  remote b a s e l i n e  hetween 
Europe and A s i a ,  i n  c o l l a b o r a t i o n  w i t h  t h e  100 meter  r a d i o  t e l e s c o p e  
of Max-Plank-Insti tute f u r  Radioast ronomie,  Bonn, West Germany i n  Nov. 
1981. The f i r s t  China-Japan V L R I  o b s e r v a t i o n  a l s o  was conducted 
between SO and RRL i n  September 1985. For development,  a new Mark-111 
VLRI: system w i t h  25 meter an tenna  i s  going t o  b u i l t  a t  Zo-Se s e c t i o n  
of SO, and i s  expec ted  to be  completed i n  1987. 
T h i s  background opens up b road  p r o s p e c t s  f o r  t h e  c l o c k  s y n c h r o n i z a t i o n  
exper iments  v i a  VLBI a t  SO. We expec t  t o  s e t  up i n t e r n a t i o n a l  T/F 
t r a n s f e r  l i n k s  between SO w i t h  USN0,RRL and o t h e r  T/F l a b o r a t o r i e s  
w i t h  accuracy  of a  nanosecond l e v e l  by making t h e  d a i l y  T/F  t r a n s f e r  
l i n k s  such a s  GMS and GPS w i t h  p e r i o d i c a l  c a l i b r a t i o n  w i t h  t h e  
a c c u r a t e  VLBI l i n k .  It would l e a d  t o  t h e  p o s s i b i l i t y  t h a t  t h e  Chinese 
a tomic c l o c k s  make a  g r e a t e r  c o n t r i b u t i o n  t o  I n t e r n a t i o n a l  Atomic Time 
(TAI) . 
3 . 3  GPS Timing 
With  t h e  decrease  i n  r e c e i v e r  c o s t ,  a r a p i d  expansion of c i v i l i a n  
a p p l i c a t i o n s  of t h e  GPS t echn ique  i s  expec ted  no t  o n l y  i n  n a v i g a t i o n  
and l o c a t i o n  b u t  a l s o  i n  t iming .  More and more T/F l a b o r a t o r i e s  w i l l  
equiped wi th  GPS r e c e i v e r ,  i t  cou ld  become t h e  primary means f o r  the 
i n t e r n a t i o n a l  t ime l i n k  between t h e  v a r i o u s  T / F  l a b o r a t o r i e s ,  t h u s  
r e p l a c i n g  t h e  Loran C t ime l i n k  which s t i l l  p l a y s  a n  impor tan t  r o l e  
f o r  c l o c k  s y n c h r o n i z a t i o n  a t  p r e s e n t .  Shanghai Observatory a l s o  wants 
t o  c a r r y  ou t  t h i s  work, b o t h  f o r  t iming and l o c a t i o n  and e x p e c t s  t o  
e s t a b l i s h  a  GPS t ime  l i n k  a t  d a i l y  b a s e s  b o t h  f o r  n a t i o n a l  and 



i n t e r n a t i o n a l  t ime c o o r d i n a t i o n .  
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