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Abst rac t  

The Bei j  ing I n s t i t u t e  of Radio Metrology and Measurements (BIRMM) , 
a s  a  c a l i b r a t i o n  cen te r  and a  r e sea rch  d i v i s i o n  of r ad io  metrology 
and measurements and frequency con t ro l  devices  f o r  t h e  system of 
space technology i n  China, has made some progress  i n  PTTI r e sea rch  
work i n  r ecen t  years .  This  paper w i l l  review some of PTTI a c t i v -  
i t i e s  b r i e f l y .  

Frequency measurement is one of t h e  r o u t i n e  jobs of BIRMM. Now 
t h e r e  have been t h r e e  kinds of frequency measuring systems: a  
system of frequency comparison, a  system of phase comparison and 
a system of t ime comparison. 

I n  cooperat ion wi th  o the r  organiza t ions  from 1978 t o  t h e  second 
qua r t e r  of 1979, two experiments on time synchronizat ion were 
c a r r i e d  ou t .  With t h e  help of t h e  po r t ab le  cesium c lock  i n  de te r -  
mining t h e  time de lay  between two s t a t i o n s ,  one experiment of 
t ime synchronizat ion,  c h i e f l y  sponsored by t h e  Central  Bureau of 
Metrology, of China, between Nanjing (China) and Rais t ing  (West 
Germany) by us ing  t h e  "Symphony" s a t e l l i t e ,  has achieved a r e s u l t  
wi th  an accuracy of 30 n s  and a n  unce r t a in ty  of about 10  ns.  
The o the r  experiment, applying t h e  t e l e v i s i o n  pulse  technique f o r  
t ime synchronizat ion,  has yielded a  resuLt wi th  an e r r o r  of about 
0.5 (IS i n  24 hours. 

I n  order  t o  measure t h e  short-term frequency s t a b i l i t y  of c r y s t a l  
o s c i l l a t o r s  o r  o the r  frequency sources,  BIRMM, i n  cooperat ion 
wi th  t h e  Wuhan I n s t i t u t e  of Physics ,  developed a rubidium maser 
atomic frequency standard about two years  ago. BIRMM has devel-  
oped a short-term s t a b i l i t y  measuring s stem with a  time-domain 
s t a b i l i t y  r e s o l u t i o n  oy (2 ,  T )  < 1 x 1 0 - 7 2 1 ~  (sec)  and a  frequency- 
domain s t a b i l i t y  r e s o l u t i o n  s ( f )  = 10-121f + 10-15. + 

I 
Addit ional  new PTTI items under cons idera t ion  w i l l  be mentioned 
b r i e f l y ,  too.  

I. Frequency measurement 

BIRMM began i t s  PTTI a c t i v i t i e s  not  long ago. The bas ic  frequency standard 
founded i n  BIRMM i s  a commercial cesium beam atomic frequency standard ( 2  s e t s ,  
type  3200, imported from Switzerland).  I t s  frequency accurac has been 
checked wi th  t h e  Loran-C rece ive r  and has proved t o  be 1 x A c r y s t a l  
o s c i l l a t o r  of type  XSD wi th  a  t ime aging r a t e  l e s s  than 1 x 10-10/day i s  used 
a s  a  working s tandard f o r  frequency c a l i b r a t i o n .  There have been s e t  up t h e  
systems of frequency comparison, phase comparison and time comparison. The 
opera t ion  of t hese  systems w i l l  be described below. 



A .  System of frequency comparison 
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Figure  1. Functional  block diagram of t h e  system 
of frequency comparison 

The l i m i t  s e n s i t i v i t y  of t h e  system i s  not  only dependent on t h e  u n c e r t a i n t y  
caused by t h e  no i se  of t h e  d i f f e r e n c e  frequency m u l t i p l i e r  4110 i t s e l f ,  but on 
t h e  r e s o l u t i o n  of t h e  system. There e x i s t  experimental d a t a  f o r  t h e  former. 
The l a t t e r  may be ca l cu la t ed  a s  fol lows:  

Frequency r e s o l u t i o n  Rf = l / M f o ~  where M i s  an e f f e c t i v e  mul t ip ly ing  f a c t o r ,  
f o  i s  t h e  nominal va lue  of t h e  frequency measured and T i s  t h e  sample time. 

Uncertainty r e s o l u t i o n  of The l i m i t  
Sample caused by t h e  system s e n s i t i v i t y  of 
t ime 4110 i t s e l f  t h e  system 

1 sec < 4  x 10-12 1 x 10-11 -1 x 10-11 

10 sec < 3  x 10-12 1 x 10-12 -3 x 10-12 

100 sec  < 5 x 10-13 1 x 10-13 - 5  x 10-13 

Unce r t a in t i e s  caused by r e fe rence  sources a r e  given below. 



Type of Dr i f t - r a t e /day  Er ro r  introduced by 
r e fe rence  of t h e  r e fe rence  short-term s t a b i l i t y  of 
source source t h e  r e fe rence  source - 

1 sec 10  sec 100 sec 

Crys t a l  
o s c i l l a t o r  5 x 10-l1 3 x 10-l2 3 x 10-l2 2 x 10-l2 

XS D 

Cesium 
frequency 1 0 - 9  lo-15 3 x 10-11 1 x 10-11 3 x 10-12 
standard 

3200 

It can be  seen from t h e  above t a b l e  that when XSD i s  used a s  a r e fe rence  source 
i n  measuring long-term s t a b i l i t y  o r  aging r a t e lday ,  a 10  sec sample time can 
be applied t o  c a l i b r a t e  t h e  frequency standard below 5 x 10-10/day. But when 
3200 i s  used a s  a ,  r e fe rence  source i n  measuring long-term s t a b i l i t y  o r  aging 
r a t e /day ,  i n  order  t o  c a l i b r a t e  t h e  frequency sources below 3 x 10-''/day, 
100 sec sample time must be applied due t o  t h e  l i m i t  of t h e  short-term s t a -  
b i l i t y  of 3200 cesium frequency standard,  so t h a t  t h e  c a l i b r a t i o n  e r r o r  w i l l  
be one order  of magnitude lower than t h e  e r r o r  of t h e  c a l i b r a t e d  equipment. 

B .  System of phase comparison 
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Figure 2. Funct ional  block diagram of t h e  s y s t w  
of phase comparison 



The dashed l i n e  i n  the  block diagram i n d i c a t e s  t h a t  a  measuring equipment can 
be added t o  inc rease  t h e  r e s o l u t i o n  of t h e  system, i f  necessary.  

The r e s o l u t i o n  of t h e  system of phase comparison can be c a l c u l a t e d  by: 

where M is t h e  mul t ip ly ing  f a c t o r  of t h e  d i f f e r e n c e  frequency m u l t i p l i e r ,  f o  i s  
t h e  nominal v a l u e  of t h e  frequency measured ( i n  H z ) ,  T i s  t h e  sample time ( i n  
sec) and N i s  t h e  number of d i v i s i o n  i n  t h e  width of t h e  recording paper.  

According t o  t h e  above equat ion,  t h e  r e s o l u t i o n  of t h e  system (when N = 1, i . e .  
without u s e  of a  d i f f e r e n c e  frequency m u l t i p l i e r )  i s  t h e  func t ion  of t h e  sample 
time and t h e  input  frequency a s  shown i n  t h e  fol lowing t a b l e .  

Ca l ib ra t ion  e r r o r  of t h e  system of phase comparison: t h e  c a l i b r a t i o n  e r r o r s  
f o r  va r ious  sample times a r e  given below, assuming t h e  input  of t h e  phase c m -  
pa ra to r  t o  be 1 MHz. 
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It can be seen from t h e  above t a b l e  t h a t  i n  order  t o  reduce t h e  e r r o r  of 
t h e  system an ex te rna l  s tandard c lock  should be used i n  measuring sample time. 

3. System of t ime comparison 
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Figure  3 .  Functional  block diagram of t h e  
system of t ime comparison 

The r e s o l u t i o n  of t h e  system of t ime comparison can be ca l cu la t ed  by: 

' D i g i t a l  
c lock  
2205 

1 pps 

where T~ i s  t h e  time base f o r  t ime measurement and T i s  t h e  sample time. The 
r e s o l u t i o n  of t h e  system is given below. 
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Type o f  t h e  
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The c a l i b r a t i o n  e r r o r  of t h e  system of t ime comparison depends on t h e  phase 
j i t t e r  and phase jump caused by t h e  frequency d i v i d e r  of d i g i t a l  c lock  2205 and 
on t h e  r e s o l u t i o n  of t h e  system. General ly speaking, t h e  phase jump of t h e  
phase d i v i d e r  i s  recognizable and t h e  phase j i t t e r  i s  very  small.  Thus t h e  
c a l i b r a t i o n  e r r o r  of t h e  system i s  c h i e f l y  dependent upon t h e  r e s o l u t i o n  of t h e  
system. 

The i tems f o r  c a l i b r a t i o n  and comparison BIRMM can dea l  with and t h e  accu- 
r acy  BIRMM can ob ta in  a r e  given i n  t h e  following t a b l e .  
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11. Measurement of short-term frequency s t a b i l i t y  
and a survey of t h e  r e sea rch  work 

Short-term frequency s t a b i l i t y  of p rec i s ion  frequency sources i s  a p r o b l w  
t o  so lve  u rgen t ly ,  which t h e  system of space technology has been dea l ing  wi th  
r ecen t ly .  BIRMM has undertaken some re sea rch  work i n  t h i s  a rea  wi th  t h e  follow- 
ing achiwements:  

A. P r i n c i p a l  t e c h n i c a l  c h a r a c t e r i s t i c s  

(1) Frequency measurement range 
1 MHz, 2 . 5  MHz, 5 MHz, lOWlz, 100 MHz, 
M x lOOMHz (M=45 t o  70) 

(2) Form of input  s i g n a l s  
Continuous s inuso ida l  wave 



(3)  Resolution of t h e  measuring system 

a .  Resolut ion of time-domain s t a b i l i t  
Allan va r i ance  my ( 2 ,  T )  < lxl~-ii2/~ 
T i s  i n  sec .  f h  (bandwidth) i s  lOKHz 

b. Resolut ion of frequency-domain s t a b i l i t y  
phase n o i s e  ower s p e c t r a l  d e n s i t y  
S + ( f )  < 10-l8/f+10-15 
f i s  Four ier  frequency i n  Hz. 

B. Standard r e fe rence  sources 

(1) Rubidium maser atomic frequency standard ( a c t i v e  rubidium frequency 
standard)  

To inc rease  t h e  measurement accuracy of short-term frequency s t a b i l i t y ,  
BIRITM i n  cooperat ion wi th  t h e  Wuhan I n s t i t u t e  of Physics  under t h e  Academy 
of sc iences  of China has  developed a rubidium maser atomic frequency stan-  
dard a s  a r e fe rence  source f o r  t h e  t e s t  of short-term frequency s t a b i l i t y .  
The maser was developed by t h e  Wuhan I n s t i t u t e  of Physics ,  whi le  t h e  e lec-  
t r o n i c  c i r c u i t s  ( inc luding  a phase-lock r e c e i v e r ,  a lOOMHz qua r t z -c rys t a l  
o s c i l l a t o r  and a 311KHz frequency synthes izer )  were developed by BIRMM. 

The s c h m a t i c  diagram of t h e  maser, t h e  f u n c t i o n a l  block diagrams of 
t h e  phase-lock r ece ive r  and 311KHz frequency synthes izer  a r e  given below. 

Two models were success fu l ly  developed i n  1977, w i th  t h e  maser having 
a copper c a v i t y .  The short-term frequency s t a b i l i t y  of t h e s e  two models 
of t h e  maser proved t o  be 5x10-13/~.  ( T  is in sec.) 

For f u r t h e r  improving t h e  c h a r a c t e r i s t i c s  t h r e e  new models have been 
developed r ecen t ly .  Some modif ica t ion  has  been made i n  t h e  maser and t h e  
e l e c t r o n i c  c i r c u i t s .  

The maser has  a m i c r o c r y s t a l l i n e  g l a s s  c a v i t y  in s t ead  of t h e  copper 
cav i ty .  The low-noise elements and components being used,  t h e  n o i s e  of t h e  
e l e c t r o n i c  c i r c u i t s  has  been reduced and t h e  opera t ion  r e l i a b i l i t y  has  
izcreased .  

The fol lowing t echn ica l  c h a r a c t e r i s t i c s  a r e  obtained a f t e r  t h e  prelim- 
ina ry  t e s t  . 

a .  Output frequency s t a b i l i t y  of t h e  maser i s  indica ted  i n  t h e  follow- 
ing t a b l e  and t h e  curves.  

b. Output power of t h e  maser (1.5-2) x 10-1%) 

(2) Besides t h e  rubidium maser atomic frequency s tandard ,  lOOMHz and 5MHz 
quar t z -c rys t a l  o s c i l l a t o r s  have been developed a s  r e fe rence  sources 
f o r  t h e  t e s t  of short-term frequency s t a b i l i t y .  



Diayram o/ ~ 6 ~ '  maser c RbUi ri.4 

Figure 5 .  The structural scheme of the rubidium maser 







3 .  Comparators 

A .  Time-domain comparator 

A multi-period measuring system was used t o  meet the requirements of mea- 
surement of short-term frequency s t a b i l i t y  with l m s - l  sec sample time. 
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Figure 9. Funct ional  block diagram of t h e  mult i -period 
measuring system 

The l i m i t  s e n s i t i v i t y  of t h e  measuring system depends on t h e  u n c e r t a i n t y  
caused by t h e  n o i s e  i n  t h e  comparator and on t h e  r e s o l u t i o n  of t h e  system. The 
former i s  determined by experiments. The l a t t e r  i s  ca l cu la t ed  by 

where f g  is t h e  beat  frequency, i0 is t h e  time base  of t h e  counter ,  T i s  t h e  
sample time, M i s  t h e  e r r o r  mul t ip ly ing  f a c t o r  and f o  i s  t h e  frequency measured. 

(100MHz + 1KHz) c r y s t a l  o s c i l l a t o r  s e rves  a s  t h e  r e fe rence  source of t h e  
comparator. With t h e  he lp  of a  low n o i s e  frequency m u l t i p l i e r  t h e  f requencies  
of v a r i o u s  sources being measured can be mul t ip l i ed  up t o  100 MHz, then t h e  
beat  frequency period (or  multi-period) of mixed frequency can be measured and 
processed with t h e  computing counter .  
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The poss ib l e  measuring accuracy f o r  v a r i o u s  frequency sources being measured is 
given i n  t h e  following t a b l e .  



B.  Frequency-domain comparator 

The frequency-domain comparator developed by BIRMM u s e s  a c o r r e l a t i v e  zero 
beat  method, i n  o ther  words, two-channel zero beat  method, based upon t h e  
single-channel beat  zero  method. With t h e  he lp  of two i d e n t i c a l  single-channels 
it measures t h e  c o r r e l a t i v e  components, t h u s  improving i t s  r e s o l u t i o n  and r e -  
ducing r e s i d u a l  n o i s e  of t h e  phase-detecting ampl i f i e r .  The block diagram i s  
given below. 
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5MHz o r  lOOMHz q u a r t s  c r y s t a l  o s c i l l a t o r  i s  used a s  r e fe rence  source. The 
t ime cons tant  of t h e  phase lock  loop i s  changeable. The phase no i se  l e v e l s  of 
v a r i o u s  Four ier  f requencies  a r e  analyzed by t h e  narrowband analog spectrum 
analyzer .  The r e s u l t s  a r e  post-processed l a t e r  on. 
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The narrowband analog spectrum analyzer  has t h e  fol lowing c h a r a c t e r i s t i c s :  
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s e n s i t i v i t y  3 Onv 
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The r e s i d u a l  phase n o i s e  S ( f )  of t h e  measuring equipment is shown i n  
t h e  t a b l e .  
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Figure  11. Functional  block diagram of t h e  frequency-domain 
comparator with a c o r r e l a t i v e  zero beat  method 
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B. The p r i n c i p l e  of opera t ion  and t h e  func t iona l  block diagram of t h e  TV 
l ine-6  synchronizing system: 

The t e l e v i s i o n  system of our country i s  a  sys ten  wi th  25 frames per  second 
and 625 l i n e s  per frame and wi th  i n t e r l a c e d  scanning. I t s  v e r t i c a l  scanning 
frequency i s  50 Hz, where a s  t h e  ho r i zon ta l  scanning frequency i s  15625 Hz. 
Pass ive  t e l e v i s i o n  synchronizat ion i s  based on t h e  measuren:ent of t h e  time 
d i f f e r e n c e  between t h e  a r r i v a l  of a  c e r t a i n  t e l e v i s i o n  synchronizing r e fe rence  
pu l se  and a  l o c a l  c lock  second pulse .  The c lock  d i f f e r e n c e  between two loca-  
t i o n s  and t h e  frequency accuracy a r e  determined by means of t h e  post-exchange 
of t h e  d a t a .  The f i r s t  ho r i zon ta l  synchronizing pu l se  a f t e r  t h e  v e r t i c a l  and 
equal izing pulses  of t h e  odd f i e l d  ( t h e  f i r s t  f i e l d )  i s  chosen a s  a  r e fe rence  
pulse ,  i . e .  l ine-6 of t h e  odd f i e l d .  Since t h e  t e l e v i s i o n  frame frequency i s  
25 Hz, t h e  c locks  a t  two l o c a t i o n s  must be synchronized so t h a t  t h e r e  would 
be no mult ivalence.  This  can be e a s i l y  done by comparison wi th  t h e  BPV t ime 
s i g n a l s  (short-wave t ime s i g n a l s  t ransmi t ted  by t h e  Shanghai Observatory of 
China). The f u n c t i o n a l  block diagram of t h e  measuring system i s  shown below. 

D i g i t a l  c o u n t e r  

1 [/I 1 count  

Local  a tomic  
c l o c k  
Commercial cesium 

Output from 
1st v ideo  
a m p l i f i e r  

p e r  s ec .  

Line-6 preamp. 
p u l s e  g e n e r n t o r  

Figure 12.  Funct ional  block diagram of t h e  TV l ine-6  
synchronizing system 

We have made it a  r u l e  t o  make two comparisons every  day from 1 9  o 'c lock  15  
minutes 0  second t o  19 o 'c lock  15  minutes 45 seconds and from 20 o 'c lock  1 5  
minutes 0  second t o  20 o 'c lock  15  minutes 45 seconds (Beij ing t ime).  Each 
comparison l a s t s  45 seconds, and one va lue  i s  taken i n  every second. Two 
average va lues  a r e  ca l cu la t ed  every day, i . e .  one a t  19 o 'c lock ,  t h e  o t h e r  a t  
20 o 'c lock.  

C.  The r e s u l t  of t h e  t e s t :  l I 
(1) S t a b i l i t y  of t h e  r e l a t i v e  t ime d i f f e r e n c e  between t h e  Bei j ing  I n s t i -  

t u t e  of Radio Metrology and Measurements and t h e  Bei j ing  Observatory 
2  

Standard dev ia t ion  u = 



ATi denotes t h e  r e l a t i v e  time d i f f e r e n c e  

N denotes t h e  number of measurements 
0 

a t  1 9  o 'c lock  o ~ 0 . 3 2 ~ ~  

a t  20 o ' c lock  0 1 0 . 3  )1S 

Allan var iance  

a t  19 o 'clock 0 = 0 . 2 3 ~ s  

a t  20 o 'clock 0 = 0 . 2 4 ~ s  

(2) Accuracy of t h e  frequency c a l i b r a t i o n  

The r e l a t i v e  frequency dev ia t ion  of t h e  BIRMM cunmercial cesium c lock 
during two months in  comparison with t h e  por t ab le  rubidium clock of t h e  Beij ing 
Observatory i s  shown below. 

Standard va r i ance  a t  19  o 'clock & - 3.7 10-12 
f  

a t  20 o 'clock = 3.4 lo-= 
f 

Allan va r i ance  a t  19  o 'c lock  hf 2.4 10-I' 
f  

a t  20 o 'c lock  3 f  , 2.6 10-12 
f  

(3) Determination of t h e  time-delay d i f f e rence  between t h e  Bei j ing  Obser- 
va tory  and BIRMM by using a por t ab le  clock:  

The por t ab le  clock is  a commercial cesium one imported from Switzerland. 
It took sedan four  hours t o  t r anspor t  t h e  clock ( t o  go and t o  come back). 

The r e s u l t  of t h e  comparison is a s  fol lows.  

Uncertainty 0 . 3 , ~ ~  (standard d w i a t i o n )  

The' s e r i a l  
number of 
t h e  t r a n s -  
p o r t a t i o n  

Time-delay 
d i f f e r e n c e  

w s  

1 

44.7 

2 

44.4 

3 

44.6 

4 

44 .8  

5 

45.2 
> 



(4)  Conclusion 

The following conclusion can be drawn from t h e  twomonth continuous com- 
par ison. 

a .  The d i f f e r e n t  readings  of t h e  counter  a f t e r  t h e  two continuous measure- 
ments which have been made every twenty fou r  hours w i l l  approximately g i v e  t h e  
r e l a t i v e  c lock  d i f f e r e n c e  between two s t a t i o n s .  The s t a b i l i t y  i s  o <0.5ps, i n  
o the r  words, t h e  two measurements separa ted  by twenty four  hours have achieved 
t h e  5x10-lZ accuracy of frequency c a l i b r a t i o n .  

b. Time-delay d i f f e r e n c e  between two s t a t i o n s  can be measured with an 
accuracy within 0 . 3 ~ s  us ing  a  po r t ab le  c lock .  Therefore t h e  BIRMM c lock  can 
be  p r e c i s e l y  synchronized wi th  t h e  c locks  of t h e  Bei j ing  Observatory o r  o the r  
r a n o t e  p l aces  within 0 . 3 ~ s  (UTC) . 

Figure 13. Curves obtained i n  t h e  t e s t  of s t a b i l i t y  
of t h e  r e l a t i v e  t ime d i f f e r e n c e  

4. Time synchronizat ion t e s t  by us ing  s a t e l l i t e s  

Time synchronizat ion v i a  s a t e l l i t e s  i s  an advanced technique under development 
gene ra l ly  recognized i n  the  world. The technique provides high accuracy, l a r g e  
coverage, long transmission d i s t ance  and shor t  comparison time and r e q u i r e s  low 
c o s t  f o r  bui lding t h e  s t a t i o n .  BIRMM took p a r t  i n  t h e  experiment of t ime 
synchronizat ion by us ing  t h e  "Symphony" s a t e l l i t e  organized by t h e  Cent ra l  
Bureau of Metrology of China. 

Three experiments were c a r r i e d  out .  Two of them were conducted i n  China 
from March 1, 1979 t o  March 10  and from March 21 t o  March 31. The o ther  
experiment was conducted wi th  a  fo re ign  country from June 18 t o  June 27. The 
comparison t e s t  wi th  t h e  po r t ab le  c lock  was made i n  t h e  period of a l l  t h e  
experiments. 



C 

From March 1 t o  Wrch  1 0  t h e  experiment was conducted between Bei j ing  and 
Shanghai. 

From March 2 1  to  March 31 t h e  experiment was conducted between Shanghai and 
Nan j ing . 
Worn June 1 8  t o  June 27 t h e  experiment was conducted between Nanjing (China) 
and Rais t ing  (West Germany). 

The experiment v e r s i o n  by us ing  t h e  noncoherent two-way method ( o r  simultaneous 
two-way method) and t h e  r e s u l t s  obtained a r e  presented.  

I A .  P r i n c i p l e  of noncoherent two-way method (simultaneous two-way method) f o r  
t ime synchronizat ion t e s t .  

I 

I 

t 

t 

I 

i 
, 

t 
. 

clock c lock 



TAB 
. --+ 

F f j  15 

Simultaneous two-way method can be expressed a s  fo l lows:  two ground 
s t a t i o n s  t r a n s n i t  s tandard t ime s i g n a l s  t o  each o t h e r  a t  t h e  same moment and 
r e c e i v e  t h e  s tandard t ime s igna l  t ransmi t ted  by each o the r .  To t e s t  t h e  method 
i s  one of t h e  important purposes of t h e  experiment. The func t iona l  block d ia -  
gram and t h e  p r i n c i p l e  of opera t ion  a r e  given above i n  F igures  1 4  and 15.  With 
t h e  help of t h e  abovementioned method i t  i s  q u i t e  easy t o  o b t a i n  TgA and TAB. 
TAB i s  t h e  time d i f f e r e n c e  between t h e  s tandard t ime s i g n a l  t ransmi t ted  by 
s t a t i o n  A and t h e  c lock  time of s t a t i o n  B which is measured by t h e  t ime i n t e r -  
v a l  counter  of s t a t i o n  B. T B A  i s  t h e  time d i f f e r e n c e  between t h e  s tandard 
t ime s i g n a l  t ransmi t ted  by s t a t i o n  B and t h e  c lock  t ime of s t a t i o n  A which i s  
measured by t h e  time i n t e r v a l  counter  of s t a t i o n  A .  

I f  we  express  t h e  c lock  d i f f e r e n c e  between s t a t i o n  A and s t a t i o n  B by A t  

t - t - 
Let M = AT t~~ + BR t~~ + - 

2 2 2 

then (2) 



B. Parameters used in t h e  experiments i n  China 

.-, 

then 
T - T  - - - w  a t -  2 

A transponder was employed i n  t h e  experiment t o  c a r r y  out  t h e  t e s t  of two- 
way method. The t ransmission power of t h e  ground s t a t i o n  was r e s t r i c t e d  i n  
order  that t h e  s a t e l l i t e  transponder could work i n  t h e  al lowable range.  

C. Parameters used i n  t h e  experiment wi th  West Germany 

Uplink Downlink EIRP 

Shanghai ground 6096 MHz 3905 MHz 78dbW 
s t a t i o n  

Nan j i n g  ground 
s t a t i o n  6130 KKz 3865 MHz 79dbW 

B e i  j i n g  ground 
s t a t i o n  61 30 MHz 3865 MHz 79dbW 

Two s a t e l l i t e  t ransponders  were used i n  t h i s  experiment, t h s  t h e  t r ans -  
mission power of t h e  ground s t a t i o n  increased and t h e  synchronizat ion accuracy 
improved. 

D. Resu l t s  of t h e  experiments 

P laces  f o r  t h e  Antenna e l eva t ion  Test  S t a b i l i t y  Accuracy 
experiment and ca r r i e r -no i se  method (ns) (ns) 

r a t i o  

S hang h a i  6 . 4 " / 8 . 6 "  two-way 70  7 1 
Bei j  ing 9 -1ldb 

Shanghai 6.4 "18" two-way 7 0 7 5  
Nanj ing 9 -12db 



E. Determination of t h e  c lock  d i f f e r e n c e  by t h e  c lock  t r a n s p o r t  I 
Nanj ing 
Ra i s t  ing 

The accuracy of t h e  po r t ab le  c lock  ( s t a b i l i t y  and accuracy) depends on t h e  
q u a l i t y  of t h e  c lock  and t h e  time i n t e r v a l  between t r i p s .  The shor t e r  t h e  
time i n t e r v a l ,  t h e  higher t h e  accuracy. I n  gene ra l ,  t h e  accuracy l i e s  within 
10-200 ns. The po r t ab le  c lock  we used f o r  t h e  experiment i s  a  3200 commercial 
cesium c lock .  It  was t ranspor ted  by a i r .  The t r anspor t  t e s t  was c a r r i e d  out  
on purpose t o  determine t h e  v a l u e  M and t h e  accuracy of s a t e l l i t e  time syn- 
chroniza t ion  by using t h e  two-way iblerhod. 

The r e s u l t  of t h e  t r a n s p o r t  t e s t  i s  a s  fol lows.  I 

8"/23' 
16-18 db 

It can be seen from t h e  equat ion (2) t h a t  t h e  va lue  M must be measured 
I 

a ccu ra t e ly ,  bes ides  t h e  c a l c u l a t i o n  a f t e r  post-exchanging TAB and T when 
BA' 

t h e  c lock  d i f f e r e n c e  A t  i s  found by us ing  t h e  two-way method. There a r e  
two approachee t o  determine M. One approach i s  t o  measure preciselyTAT - TAR, 

TBR - T B ~ ,  T1 - T2 ,  then t o  c a l c u l a t e  M. It i s  a q u i t e  complicated and d i f -  
f i c u l t  job. And it s t i l l  remains one of t h e  problems t o  so lve  i n  s a t e l l i t e  
t ime synchronizat ion research .  The more p r e c i s e  t h e  va lue  M ,  t h e  higher 
t h e  accuracy of t ime synchronization. Thus t h e r e  should be a  very  p r e c i s e  
measurement f o r  time de lay  of t h e  ground s t a t i o n .  The o the r  i s  t o  determine 
t h e  va lue  M by using t h e  po r t ab le  c lock .  

two-way 

- 

From . . . t o  

Shanghai- 
Bei j  ing 

Shanghai- 
Nanj ing 

Nanj ing- 
Ra i s t  ing 

9 29 

Number of 
t h e  t r i p s  

1 0  

7 

4 

Time i n t e r v a l  

Once a  day 
(24  hours) 

Every two 
days (48 
hours) 

Dif ferent  f o r  
each case.  
I n  t h e  f i r s t  
case  t o  go 
and t o  r e t u r n  
took 12 days. 
I n  t h e  second 
case  t o  go 
and t o  r e t u r n  
took 13 days. 

S t a b i l i t y  
(ns) 

1 4  

28 

3 0 



5. New PTTI items under cons ide ra t ion  

A.  To s e t  up a hydrogen maser atomic frequency standard 

I n  order  t o  improve t h e  accuracy and s t a b i l i t y  of frequency standard of t h i s  
i n s t i t u t e ,  BIRMM has completed i n s t a l l a t i o n  of t h e  hydrogen maser atomic stand- 
a rd  developed by t h e  Shanghai I n s t i t u t e  of Metrology and Measurements. BIRMM 
expects  t h e  frequency accuracy t o  be improved t o  ( 1 - 5 ) ~ 1 0 - ~ ~  i n  1980. (by 
us ing  t h e  hydrogen maser atomic s tandard)  . 
B. To s e t  up t h e  BIRMM l o c a l  atomic time s c a l e  a s  a p a r t  of t h e  atomic time 
s c a l e  of our country. 

A c lock  group made up of two hydrogen maser atomic s tandards  and two cesium 
c locks  (and more c locks  w i l l  be added i n  1980) i s  used f o r  t ime keeping t o  s e t  
up a t  ( B I N ) .  

C. To f u r t h e r  impEove t h e  c h a r a c t e r i s t i c s  of t h e  rubidium maser atomic f r e -  
quency standard and t o  inc rease  i t s  r e l i a b i l i t y .  The performance of t h e  shor t -  
term frequency measuring system w i l l  be f u r t h e r  improved too .  

D. To d e a l  with t h e  r e sea rch  work of t r a n s f e r  from frequency domain t o  time 
domain i n  t h e  area of short-term frequency s t a b i l i t y  measurement and t o  under- 
t a k e  t h e  development of automatic measuring equipment. 

E .  To study frequency c a l i b r a t i o n  technique by using t h e  colour  t e l e v i s i o n  
subca r r i e r  frequency method. 



Figure 16. Short-term frequency s t a b i l i t y  measuring system 
Two rubidium atomic frequency s tandards  
( f a r  l e f t  and t h e  second from t h e  l e f t )  
Reference frequency source 
( t h e  second upper one from t h e  r i g h t )  
Comparator 
( t h e  second lower one from t h e  r i g h t )  
Computing counter  ( f a r  r i g h t )  



Figure 18. Short-term frequency s t a b i l i t y  comparator, the 
time-domain comparator and the f requency-domain 
comparator are  mounted i n  one u n i t .  

Figure 17.  Rubidum maser atcnnic frequency standard 311 KHz 
frequency synthesizer (above). Phase-lock 
rece iver  ( center ) .  Eubidiurn maser (below). 



Figure 19.  Data processor. (E-314 computing counter produced 
by the  Nanjing Communication Instruments Factory) 

Figure 20.  Short-term s t a b i l i t y  reference  frequency source 



MnZ ---- 
Figure 21- 

5 mz c r y s t a l  OSC 

i l l a t o r  




