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INTRODUCTION 

A s  t h c  c u s t o d i , a n  o f  p h y s i c a l  s t a n d a r d s  i n  o u r  c o u n t r y ,  
N a t i o n a l  P h y s i c a l .  L , a b o r a t o r y  (NPL) of  I n d i a  t o o k  up t h e  
t i m e  a n d  f r e q u e n c y  s t a n d a r d i z a t i o n  p r o j e c t  i n  1 9 5 6  on  t h e  
r e c o m m c n d a t i o n  o f  t h e  I n d i a n  N a t i o n a l  C o m m i t t e e  f o r  t h e  
I n t e r n a t i o n a l  R a d i o  a n d  S c i e n t i f i c  Union  ( U R S I ) .  S t a n d a r d  
t i m e  a n d  f r e q u e n c y  s i g n a l s  f r o m  t h j s  s t a t i o n  were f i r s t  
t r a n s m i t t e d  on  F e b r u a r y  4 ,  1 9 5 9  u n d e r  - t h e  c o d e  i d e n t i f i c a -  
t i o n  A T A ,  xnd  s j n c e  t h e n  i t  h a s  b e e n  o f  c o n t i n u o u s  s e r v i c e  
t n  i ts  u s e r s .  D u r i n g  t h i s  p e r i o d  of s e v e n t e e n  y e a r s ,  ATR 
t r a . n s m i s s i o n  has g o n e  t l r r o u g h  s e v e r a l  p h a s e s  of d e v e l o p m e n t ,  
morc  s p e c i a l l y  so d u r i n g  t h e  l a s t  f e w  y e a r s .  The l a rge  gap 
i n  t h e  I n t e r n a t i o n a l .  Time s e r v i c e  b e t w e e n  T u r i n o  ( I t a l y )  
i n  t h c  w e s t ,  Tokyo ( J a p a n )  i n  t h e  e a s t  a n d  I r l cu t sk  ( U S S R . )  
i n  t h e  n o r t h  ~ i v e s  c o n s i d e r a b l e  i m p o r t a n c e  t o  t h i s  s t a t i o n .  

The NPL h a s  v a r i o u s  T i m e  and F r e q u e n c y  a c t i v i t i e s  a n d  a n  
o v e r a l l  v i e w  o f  s u c h  a c t i v i t i e s  is  m e n t i o n e d  i n  t h i s  paper .  
a l o n g  w i t h  t h e  d e s c r i p t i o n  of i n d i g e n o u s  d e v e l o p m e n t  o f  a n  
a t o m i c  r u b i d i u m  v a p o u r  f r e q u e n c y  s t a n d a r d s  ( R V F S ) .  The 
work on RVFS i s  b e i n g  d o n e  i n  c o l l a b o r a t i o n  w i t h  I n d i a n  
I n s t i t u t e  o f  T e c h n o l o g y  ( I I T ) ,  K a n p u r .  The d e s i g n ,  d e v e l o p -  
ment  a n d  f a b r i c a t i o n  o f  t h e  RVFE a n d  i t s  e l e c t r o n i c s  along: 
wit11 t h e  n e c e s s a r y  m o d i f i c a t i o n s  a n d  a d a p t a t i o n s  made i n  
t h e  c o n v e n t i o n a l  dcs i f fn  is d i s c u s s e d .  The a v a i l a b i  l i t y  o 1; 
s u c h  i n d i g e n o u s  a t o m i c  s t a n d a r d s  w i l l  p r o v e  t o  be v e r y  u s e -  
f u l  i n  spilce, m e t e n r o  l o g i c a l  and o t h e r  r e s e a r c h  a n d  d e v e l o p  
mcnt  ~ u r k  g o i n g  o n  i n  t h e  c o u n t r y .  
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F i g u r e  1 d e s c r i b e s  i n  a n u t - s h e l l  t h e  t i m e  a n d  f r e y u e n c y  
s e t - u p  a. t  NPL. T h i s  set uy) i s  i n  twc)  e s t a b l i s h m e n t s ,  o n e  
a t  t h e  m a i n  b u i l d i n g  of NPI., a t  H i l l s i d e  Road w h i c h  h a s  
g e n e r a t  i o n  a n d  moni. toring;  f a c i . l i t  ies , and tile o t h e r  a t  AT)\, 
G r c a . t e ~  k ' a i l n s h  w h i c h  h a s  & y e n e r a t i o n  a.nd d i s s e m i n a t i o n  
f a c i l i t i e s .  The two  a r e  a t  a b o u t  13 K m s  c r o w f l y  d i s t a n c e  
( 1 ) .  

I l e g u l a r  i n  t e r c o r n p a r . i s o n s  are r~?ztde b e t w e e n  t h e  g e n e r a t  i o n  
f a c i l i t i e s  o f  NPL and. ATA v i a  h i g h  f r e q a e n c . ~  ( H F )  traris- 
m i s s i . o n s ,  p o r t a b l e  s t a n d a . r d  a n d  a d i r e c t  l i n e .  O t h e r  
t e c l l n i q u e s  o f  t imc a.nd f  recluoncy cc)rr,parison 1:ilie t e l e v i  sio:; 
p u l s c  s y n c h r o n j . z a t i o n  n e t h o d  ( 4 ) ;  F?h l i n k  w h i c h  i s  bei .n{:-  
s e t  up i . n  c o l l a b o r a t i c ~ n  w i t h  t h c  Researmch D e p a r t r r ~ e n t  of A l l  





Moni t o r i - n g  : 

So f a r ,  m o n i t o r i n g  a t  NPL was done o n l y  a t  EIF and t h e  
s t a t i o n s  t r a c k e d  a r e ,  b e s i d e s  ATA i t s e l f ,  J J Y  ( J a p a n ) ;  RKW 
and RWM ( U S S R )  ; WWV and  MT\VVII ( U S A )  ; e t c .  'She r e c e p t i o n  of 
WWV and WWVH i s  n o t  v e r y  r e g u l - a r  and depends  v e r y  much on 
w e a t h e r  c o n d i t i o n s .  A c o n s i d e r a b l e  a c c u r a c y  h a s  been  
a c h i e v e d  i n  t h e  l a s t  f e w  y c u r s  i n  m o n i t o r i n g  these s t a t i o n s  
and a n  epoc;h t i m e  t o  w i t h i n  a  m i l l i , s e c o n d  is e a s i l y  r e a l i z e d  
T h i s  improvement w a s  p o s s i b l e  due  t o  t h e  u s e  of  t i m e  i n t e r -  
v a l  c . o u n t e r s  a n d  e x t e r n a l l y  t r i g g e r e d  d u a l  t r a c c  o r  d u a l  
bcarn u s c i l l o s c o p e s .  T h e r e  is  a lways  an e f f o r t  t o  traclc ;is 
many s t a n d a r d  t i m e  a.nd f r e q u e n c y  b r o a d c a s t s  a s  p o s s i b l e  and 
keep  a  l o g  o f  al.1 - t h e s e  s t a t i o n s .  

R e c e n t l y ,  I.n t e n s i v e  s t u d i . e s  have been i n i t i a t e d  a.t NPL, o n  
I,F/VLF rnoni.tou'i.ng w i t h  t h e  h e l p  o f  a T r a c o r  LF/VLF rece:ivow. 
model 5 9 9 k ,  VLF s t a t i o n s  t r u c k e d  so  .Car are GRR (13nglancl) 
and NWC ( A u s t - r a l i a ) .  The l o c a l  f r e q u e n c y  s t a n d a r d s  a t  NPL 
were  c a l i b r a t e d  a g a i n s t  Gl3R and NWC a n d  a c c u r a c y  c.jf b e t t e r  
than E X 10-"as a c h i e v e d .  A s  a. typica.1. example ,  - the  HP 
105B c ~ s c i l . l a t o - r  a s  r e c e i v e d  had  an  a c c u r a c y  of  5 , 4 3  X l o - '  
(a .  d r i f t  of 88  LI s c c .  over  a.11 o b s e r v a t i o n  p e r i o d  of 4 112 
h o u r s ) .  A f t e r  s c t t i . n g  a g a i n s t  GBR an  a c c u r a c y  of  5.16 X 
1 0 - I  O ( a  d r i f t  o f  13 y sec. o v e r  an  o b s e r v a t i o n  p e r i o d  of 
7 h o u r s )  ~ v z i s  a c h i e v e d .  S i n c e  t h e n ,  a c o n t i n u o u s  check  i s  
b e i n g  kept on t h e  c a l i b r a t i o n  of these  s t a n d a r d s  a g a i n s t  
GBR and NWC. I l if  f e r c n t  un. tenria  d e s i g n s  a . re  b e i n g  s t u d i e d  
and t r i e d  Tor good LF/VLF reception. With a  good a n t e n n a ,  
i t  shou1.d b e  p o s s i b l e  t o  t l -ack  a  number of  LF/VL,E' s - t a l i . u n s  
a r o u n d  t h e  g l o b e .  

P o r t a b l e  C l o c k  

As a p a r t  of t i m e  s y n c h r o n i z a t i o n  p rog ram,  a p o r t a b l e  c l o c k  
i s  b e i n g  d e v c ~ l a p e d  a t  NPL t o  c a l i b r a t e  c l o c k s  which  a r e  f a r  
away f r o m  NPE and c a n n o t  b e  e i t h e r  p h y s i c a l l y  b r o u c h t  o r  
o t h e r w i s c  l i n k e d  t o  NPL f o r  c a l i b r a t i o n ,  A HP q u a r t z  f r c -  
quency s t a n d a r d  model 105B w i l l  be  u s e d  a s  t h e  f r e q u e n c y  
s o u r c e  o f  t h c  p o r t a b l e  c l o c k .  

I n t e r f a c e  L o g i c  U n i t  

A t i m e  l i n k  between t h e  a t o m i c  c e s i u m  c l o c k  a t  ATA and t h e  
A 1 1  I n d i a  Radio (AIR) 'T ime-P ips '  h a s  a l r e a d y  been  e s t a -  
b l i s h e d  and n o w  t h e  ' S i x t h - P i p s '  o f  A I R  t i m e  s i g n a l  i s  
d e r i v e d  f rom t h e  a t o m l c  ce s ium c l o c k .  A c o r r e c t i o n  f o r  the 
p r o p a g a t i o n  t i m e  d e l a y ,  o f  c o u r s e ,  h a s  t o  be made t o  g e t  
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By a n  o p t i c a . 1  pumping t e c h n i q u e  ( 1 5 - 1 9 ) )  a n  e x c e s s  y o y ~ u l a -  
t i o n  i s  b u i l t  up  i n  one o f  t h e  ~ b '  g r o u n d - s t a t e  h y p e r f i n e  
1 - e v e l s  w i t h i n  t h e  r e s o n a n c e  c e l l .  P o p u l a t i o n  o f  t h e  F = 2 
l e v e l  i s  i n c r e a s e d  a t  t h e  e x p e n s e  o f  t h c  F = 1 l e v e l .  
l t b e 7  a t o n s  a re  o p t i c a l l y  e x c i t e d  i n t o  u p p e r  e n e r g y  s t a t e s  
P r o m  w h i c h  t h e y  d e c a y  q u k c k l y  i n t o  b o t h  t h e  I! = 2 a n d  t h e  
F = 1 l c v c l s .  Components  l i n k i n g  t h e  F = 2 l c v e l  t o  t h e  
u p p e r  encrgy s t a - t e s  a r e  removed by  1 i l t e r i n g  t h e  c x c i t a t i c l n  
l . i g h t .  S i n c e  t h e  l i g h t  e x c i t e s  a t o m s  o u t  o f  t h e  F = 1 
-Level  o n l - y ,  v , ~ h i l e  t h e y  d e c a y  intc.) b o t h ,  a n  e x c e s s  p o p u l a -  
t i o n  I ~ u i l d s  up  on  - t h e  P = 2 1 c v e : l .  B e c a u s e  f e w e r  a t o m s  are  
i.n the s t a t e  m h c r c  t h e y  c n n  a b s o r b  t h e  l i g : h t ,  t h e  o p t i c a i .  
a l -~sorp t  i o r ]  c o e f f i c i e n t  i s  r e d u c e d .  

A p p l i c a t i - o n  of m i c r o w a v e  e n e r g y ,  c o r r e s p o n d i n g  t o  t h a t  
w h i c h  s e p a r a t e s  t h e  two g r o u n d  s t a t e  h y p e r f i n e  l e v e l s  F = 2 
and  F = 1) i n d u c e s  t r a n s i t i o n s  [rom t h e  P = 2 t o  F = 1 ,  
l e v e l  s o  t h a t  more  l i g h t  4.s t t b s o r b e d .  I n  a. t y p i c a l  s y s t c n ~  
a r r a n g e m e n t ,  p h o t o d e t e c t o r  o u t p u t  r e a c h e s  a minimum when 
t h e  rnli-crowave f rec luency c c l r r e s p o n d s  t o  t h e  12b8 h y p e r f  i n c  
t r a n s i t i o n  f r e u u e n c y  of  6 , 8 3 4  GIlz.  

l i e s o n a n c c  f 'rcciuency i s  i .nf  l u e n c e d  by t h e  b u f f e r  g a s  pyess1.ire 
a n d  t , ~  x l esser  d e ~ r e e  by o t h e r  e f f e c t s .  F o r  t h i s  r e a s o n ,  
a. RVFS s t : i r idard  mus t  b e  c a l i b r a t e d  a g s i . n s t  a  r e f e r e n c e  
s t ; i n d a r d ,  e.g. c e s i u m  s t a n d a r d ,  Once t h e  c e l l  is  a d j u s t e d  
s e a . l e d ,  t h e  f r e q u e n c y  r e m a i n s  h i g l l l y  s t a . b l e ,  

RVFS OPTICAL, ASSEM13LY 

The RI3-fre(;uency s t a n d a r d  o p t i c a l  u n i t  c o n s i s t s  of n iagne tk -  
c a l . 1 ~  s h j . e l d e d  r e g i o n  w i t h  x ~ b '  la.my> w i t 1 1  o:;cil l a - l o r ,  
l?h8 vapour f i l t c r .  c e l l  aiid a. n i i ~ r o w a v c  c:i\-i t . ~ -  w i t h  Ftbe 
v a p o u r  n b s o r p t  i o n  ce1.l p l  aced i n s i - d e  i - t  ( F i p i r c  3 )  . 

Thc nlagnet ic ,  s h i e l d  c o n s i s t s  o f  o n e  ou te r .  n e t . i c  a n d  t h r e e  
i.cner. co-ne t  ic c y l i n d e r s .  The  c o - n e t i c  c!- l i n d e r s  are u s e t i  
as i n n e r  s h i e l d  b c c a u s e  o f  i t s  h i g h  a t t c n u ; i . t i o t l  c h a r a c t e r - "  
i s t i .cs .  G u t c r  n e t i c  c y l i n d . e r  h a s  o n l y  medium a l ; t e n u a t i o n ,  
b u t  does  n o t  s a t u r a t e  a s  e a s i l y  a s  c , n - i i e t i c ,  L i s t i n g  f r o m  
t h e  i n n e r  c y l i . r l d e r  t o  t h e  o u t e r ,  t h e  d i a m e t c ! r s  aye 1 2 ,  1 5 ,  
1 7  a n d  2 0  cms r e s p e c t i v e l y  and t h e i r  respective l e n g t h s  are 
33,  35,  37 a n d  42 c,ms. Tllc space betaecn the s h i e l d i n g  
 cylinder,^ i s  f i l l e d  w i t h  t h e  ~ l n s s  w o o l .  T1ii.s m e a s u r e  
a v o i - d s  c n n d u c t : i v e  c :c ,o l inc  a n d  v i b r ; t t i o r i .  Tlie c n d s  o f  the 
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:;llielCI : i l le t.I!c-)se I ' i : t ~  !.;I(-> v l : ~ \ t i s  o r  thcs n e c c s s ; t r y  s u l > ] ) I y  ;~nci 

I c*cj t i~ . ro l  v o l t  a x e s  alici a snal:. llc)l.c- t.0 ])roirit , ie3 ::c:c.:~s:; I,(:! Llic 
I 

T h i s  la.rr:l, cori:;is~:; c . 1  l;iul't, l ) lo~vri  1 r e o ~ ~ i  a I 'y ros  t ~ b i n g  t o  a 
d i a m e t e r  of 1 cr,: w i t l i  t h e  \ r . : t l l  t , h i c k n e s s  (.)I 0. 1 rllrri ( F ' i g ~ ~ r c  
4 ) .  T h c  bulb i s  f i i i l e d  u i l h  RII  rnet:tl ;iric! n o b . l c  g;-:-t:5 a t  5 
tc.)rr. 7 . 1 : ~  lise o-f t i l c  n c ~ b l e  g:~.c: l o : h , ~ r s  t - h e  s t r . i i i j . ~ i g  p o t e n t i a l  

F 1 1 t FA r (.-: P JL 1 : 

F i l t e r  ( - : e l l  i s  a c:\.liti(-ic,.1*ic;-!l l1ul.11 t i  l . 1 . c ~ ;  u 7 i t h  2 1 ) ~  '' arid 

3 c 
t h e  f ii L ~ I .  (:el 1 l)l*o:lcic:r:s : ~ n r l  slii frs t .11~  Rh" -, : ~ t ) s o ~ . t ) t i c - ) r l  

f i l t e r  c e l l ,  t h e  undesired I . i g h t  ~oml joner l - t  ' [ I '  i s  absor-1-leti 
by th r .  conponen2:  A i n  t h c  f i . l t e r  c e l l  ~ v l ~ i l c  t , h e  cr;niponent 

T h i s  is :i l ~ r : ~ s s  c ~ - i ? ~ n c l e r  \ ~ - i r . i ~  tl)t:> oLtcr u i a i r ~ e t e l -  0.l' Ci.5 clrl 

and :2 total t ~ ~ n a b l e  Ieil;?-t-i: 5.5 cn-I. 'Tile inside \va . l . ls  i ) f  thc 
a t  a i l l  , i ; i l ~ ~ c ~ -  c o a t ~ d .  On on(? s i d e  of t;'n~<: c a v i t y  

T h c  c a v i t y  i s  o p e r a t c ! d  i n  ' i ' l  01 1 ~ ! ~ o c i c  (liip;.:.ulXe 7 )  . T h e  enci 
p l a t y  on  t h e  c.)thc~: s i c l ~  i i : ~ ~  1.i:-ci i i c , l e s .  Thr.l.:)ugh t h c  c : en t r ; i l  

c.)utput of the s i l i c o n  phc.>tc-)(ilodt c- .on?rni r ls  i .hr:  I ' C C I U ~ ~ P L ~  f r ~ ' -  
c1uc:ncy c . o r r e c t i a n  i n  tcrn!e t , l ~ c  pil:t:;c :ifiili ! . i . l r?  :i~!;l?l.itutitt 
of 137 TIz rnodula t i o n  :111c! i s  olje irll!l:c i;o t lit- ; ~ l ~ i j . ! l  i f ~ C Y  

assel:lt)ly c7 t '  the e l e c ' t . r o n i c  (-.i.rc:~.:it.l-*!-. T l l ~  8.-!t .h~1* I~T. ) IC:  i.n 
t h e  e n d  p : l n t c  i s  u s e d  .Col-- p ~ : o ~ - i d i n g  t h . c  r; i .c~o~v:is~ct i .npu t  :it 

t h e  f r e q u e n c y  G .  8 3 4  G1Iz t11ro~il:h a n  I r i s  or. a l o o p .  I n s i d e  
t h e  c a v j t y  rests a 1113'~ ,z t?sor l , t ion  cell. c : : o n t a ? . n i n ~  Rb m e t a l  

*-, 

t h e  outer w:iI 1.s of t h c  ca l - i tv  r r ~ a i n t n i n s  1:b8 STBI~C)I~.Y'  : ~ b s n ~ - t l -  



t i o n  c e l l  a k 7 t h e  d e s i r e d  t e m p e r a t u r e .  The c a v i t y  a l o n g  
w i t h  t h e  Rb s b s o r p t j o n  c e l l  i s  p l a c e d  i n s i d e  a  s o l e n o i d  
which p r o v i d c s  t h e  s t a t i s  m a g n e t i c  f i e l d  a l o n g  the c a v i t y  
a x i s .  The Q .of t h e  c a v i t y  h a s  been  measured  and found  t o  
h e  above  15:000. 

Power S u p p l i e s  

To  r u n  t h e  lamp osc i . l . l a . t c ) r ,  a s t a . b i l i z e d  r e g u l a t e d  power 
s u p p l y  i..s p r o v i d e b .  l 'he lamp i.s r u n  a,L 200 v o l . t s  and  40  
mAl5 The t e m p e r a - i o r c  o r  t h e  ~ b ~ ~  vapour  a b s o r p t i o n  c e l l  and 
fcb vapour  f i l t e r  c e l l  i s  m a i n t a i n e d  ' th rough  t h e  h e a t e r s ,  
powered by s t ; i b i . l i z e d  1 2  v o l t ,  4 amp. b a t t e r i e s .  The t e m -  
p e r a t u r e  i s  s t a b i l i z e d  w i t h  -the h e l p  of  s t e m p e r a t u r e  
senso ' r  . 
liB-lamp, F i l t e r c e l l .  a n d  hiIicrowave c a v i t y  havc  been  , j o ined  
t o g e t h e r  i n  an  n r d e r l y  form w i t h  t h e  h e l p  of f i b e r  r i n g s  
and  two b r a s s  r o d s  p a s s i n g  t h r o u g h  t h e s c  r i n g s  ( F i g u r p  8 ) .  
'i'hese r i n g s  are  t i g h t l y  I i x e d  i n s i c l c  a  s o l e n o i d  whi.ch i s  
covered by m a g n e t i c  s h i e l d i n g  c,y.l i n d e r s .  Thc o i ~  terrnost ,  
l a y c r  of t;he shi.e.ld and  t h c  pariel  and s c r n i . c i r c u l a r  s t r i . p s  
on which t h e  u n i t  r e s t s ,  a re  o f  alurniniurri. The p a n e l  i s  
p r o v i d e d  w i t h  t h e  b i n d i n g  p o s t s  fo r  t h e  v a r i o u s  c o n n e c t i o n s  
and wiring. T h i s  measure s a f e g u a r d s  t h e  u n i t  a g a i n s t  
a c c e l e r a t i o n  and v i b r a t i o n ,  

fiEVRT,OI)?III?NT OF ELECTR.ON I C S  FOR R V F S  

Des ign  and I a b r i c a k i o n  of e l e c t r o n i c s  f o r  RVFS was c a r r i e d  
out as s a i d  ; ~ h u v e  a t  the Advanced C e n t e r  f o r  E l e c t r o n i c s  
Systeni of t h e  I n d i a n  I n s t i t u t e  of l ' e chno lo f fy ,  Kanpur (7-9) 
T h e  f u n c t i o n a l  b l o c k  d i ag ram of  t h e  RVFS, as d i s c u s s e d  
a b o v e ,  i s  g i v c n  i n  F i g u r e  9 .  R V F S  e l e c t r o n i o s  c a n  bc 
f u n c t i o n a l l y  d i s c u s s e d  i n t o  t h e  f o l l o w i n g  s e l ~ a r a t e  sub-  
h e a d i n g s .  

V o l t a g e  C o n t r o l l e d  C r y s t a l  Osci.13 a tor .  (VCSO) : 

The s h o r t - t e r m  s t a b i l i t y  s p e c i f i c a t i o n  for RTTFS i s  t h e  same 
a s  t h e  s h o r t - t e r m  s t a b i l i t y  r e q u i r c d  of  t h e  VCSO. The 
HP-105A, 5 MHz q u a r t z  o s c i l l a t o r  s e l e c t e d  t o  f u n t a t i o n  a s  
VCXO i n  t h e  RVFS h a s  a s t a b i l  i t y  of 1 X 10-11 o v e r  one-  
s econd  averzrging p e r i o d  a n d  l lencc meets t h e  RVFS short- t ~ 1 - m  
s t a b i l i  t y  s p e c i f i c a t i o n .  Thc e l e c t r o n i c  f r e q u e n c y  t u n i n g  
r a n g e  of t h i s  modcl i s  4 X l o p 8  f o r  a n  i n p u t  c o n t r o l  v o l t a g e  
of -5 t o  +5 V .  C o a r s e  screw d r i v e r  a d j u s t m e n t  up  t o  a 
r a n g e  of  1 X l o L 6  i s  p r o v i d e d  on t h e  f r o n t  p a n e l .  The 
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, " ~ T - c '  1 5' T . I ' ~ ! . s .  i r l t c !  50 r3!11!~!~ :iT 5 \ I E I L ; .  

T e r r i p ~ r x t  ure alld 11agni:t ri.i: T i c  1 d Co~ltro!. : 

The: IiVFS 'is reri:.lir~ti LC: i la\ ,e 3 v e r y  ePfer:tk:, 'e i r>a ,gn~ \? , i c :  a.nd 
e l e c t . r c - , s t a t i c  s h i e l d i r l g  for .the :abso!: 'p~ion c-v1.i . to '!)e l rept  
i l l  a h i g h  Q ~~~~~~~~~~~~~c c : , a \ i th - .  T h e  u-!.t-iniriti? io-:I%-tc-rm and 
short-t,.=r.r!.i ~ c a l ~ i l i : .  l.es r::l l:Ilt? 1i3iFS ;.l,rcr. ciel!cr!ueilt i<.p1::!1: t h r .  
good O l j T  i c a l  a . sc .cn?l? l j~  . 
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r a n g e  ~ ( ? C I O  I.; , , , T' c. i(:li' 
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s p:,i-t d t i) a l7cl:l 1: li 1 T T  2 .  1 : 1-1 ; I  :: (I j: c 5 ;  e . i I : 7 , at 
, . 6 .  634GF; , . . , ! . ~ Y . L  ~ :-'t?j 5 -L;; :~,.:l:i ' : y - c c i  >. , ;: h ) 11;- t lesig: .ning the 

p~ogral;.iInai:, I t? I'r,f.?ciu.rnc:! %;l: ,-rj  t.i;csii.er !.l.:Anc:i~J.t~ c:li;ela 4 E;Iiz is 

(Sue T<i:ur.e 1.1). 

. . The 9bY r e snnanc :?  7 EL: :i::t.ii ::IS tils f.r.t::i;.irn.:;. r e :  f p~.pn:.;t.: i s 
extrenlelb- sharp nr:d bar; a 3 rlL? l~;ind;:;id~,!: :.,i a b o ~ . ~ : ,  2:; :!Iz :+,it:i; 
t h e  pe:~l; nrbound 6 .  S33138 , . . , i , ; ! ] ~ ,  'l'lip l 7 '->'- , , /  Ilz )-)11>;1!sf\ 1;?cj(-111- 
l n t i o n  o f  t h e  excit,l.ni,. r . ~ i c : r . c - j ~ ~ - : i \ - ( :  .,- . - i i : ~ - i : d  1 :i-!-(:.-~i~{l t 3 ,  83,'l 

signed to have a n  e x t r c n ~ c l y  s:~:id.! 1 ! : ? i l d ~ ; l : . ~ ~ . i o ~ ~  i a d e x  r " c s u l t -  
i n g  i.n a peak c lev i .a t ic - )n  nf a l ~ o ~ i ~  l ijc? F.:z xt i-llc e x c i . ~ , a t i o n  
frequency . The pkiasc modu 1 a. t cd  n i u l  L i 1-1 i i cr: c h a i n  ( 9) !or 
R V F S  is g i v e n  i n  Figure 1 2 .  



The IIP VCXO u s e d  h a s  a n  e l e c t r o n i c  t u n i n g  r a n g e  o f  4 X lo - '  
f o r  an  i n p u t  v o l t a g e  r a n g e  o f  - 5 V  t o  + 5 V .  T h i s  c o r r e s p o n d s  
to 0 . 2  IIz i n  5 MHz and when m u l t i p l i e d  t o  t h e  ~ b ~ ~  r e s p o n s e  
r e ~ r i o n  r e s u l t s  i n  274 H z .  The fea-Lure  of  s e n s i n g  t h e  
a p p r o a c h  of  t h i s  c l e c t r o n i c  t u n i n g  l i m i t  o f  t h e  VCXO i s  
p r o v i d e d  i n  t h e  I.,c:)gic s e c t i o n  of  t h e  ItVFS s y s t e m  moni. tori .ng 
c i r c u i t r y  ' to  be desc r i . bed  i n  a. l a t e r  s e c t i o n .  When t h e  
c u m u l a t i v e  VCXO d r i f t  apprt:)aches t h i s  1i.mi.t i.n t h e  IZVFS 
s y s t e m  ope ra .L ion ,  manual  s c r e w  d r i v e r  a d j u s t m e n t  o f  t h e  
VCXO f r e q u e n c y  is t o  b e  made u n t i l  t h e  e r r o r  v o l t a g e  
d e l i v e r e d  t o  VCXO is  c l o s e  t o  ze ro  v o l t .  

The 5 MHz t u n e d  b u f f e r  a m p l i f i e r s  i n  F i g u r e  1 0 ,  act  a s  
d i s t r i b u t i o n  a m p l i f i e r s  d i s t r i b u t i n g  t h e  VCXO o u t p u t  t o  t h e  
v a r i o u s  RVFS s u b s y s t e m s .  The 5 MHz o u t p u t  s e r v i n g  a s  t h e  
RVFS o u t p u t  i s  r e c t i f i e d  and g i v e n  t o  a  p a n e l  meter t o  
enable c h e c k i n g  t h e  IXVFS o u t p u t  a m p l i t u d e .  

Synchronous  E r r o r  D e t e c t i o n  and C o n t r o l  

F i g u r e  13 shows t h e  s y n c h r o n o u s  e r r o r  d e t e c t i o n  a n d  c o n t r o l  
scheme.  The 137 H z ,  harmoni-cs  and  t h e  n o i s e  a p p e a r i n g  a t  
the o u t p u t  o f  t h e  p h o t o d i o d e  i n  t h e  o p t i c a l  a s sembly  i.s 
anlpl i  f i e d  by  a low n o i s e  A .  C .  p rea .mpl i f  i . e r  , passed .  t h r o u g h  
274 H z  n o t c h  f i l t e r  and a 137  H z  t u n e d  a m p l i f i e r  and  t h e n  
g i v e n  t o  -the f o u r  q u a d r a n t  a n a . 1 0 ~  m u l t i p l i e r  u s e d  a s  a  
p h a s e  d e t e c t o r  f o r  s y n c h r o n o u s  p h a s e  d e t e c t o r  f o r  s y n c h r o -  
nous  p h a s e  d e t e c t i o n .  The 137 H z  p h a s e  m o d u l a t i n g  s i g n a l .  
i s  t h e  r e f e r e n c e  f o r  t h i s  p h a s e  d e t e c t o r .  The 137 H z  i s  
g e n e r a t e d  f rom a stable 274 I-Iz RC s q u a r e  wave o s c i l l a t o r  b y  
d i v i d i n g  it  b y  2 u s i n g  a f l i p - f l o p  and t h e n  f i l t e r i n g  o u t  
t h e  ha rmon ic  from t h e  r e s u l t i n g  137  H a  f u n d a m e n t a l  t h e r e b y  
i n s u r i n g  t h a t  t h e  137  IJe s e c o n d  l larmonic  i s  abou t  7 0  dB 
down t h e  f u n d a m e n t a l ,  The f i l t e r e d  137  Hz is  s e n t  t o  t h e  
137 H z  p h a s c  m o d u l a t o r  i n  t h e  5 M H z  f r e q u e n c y  m u l t i p l i e r  
c h a i n  th rough .  a c o n t i n u o u s  p h a s e  s h i f t e r  t o  cnab l c  phase  
a d j u s t m e n t s  o f  t h e  137 Ez p h a s e  rnodu1.at i ~ ~ ~ s i i . r i a . l .  The 
p h a s e  s h i f t e r  is  c a p a b l e  01 p r o v i d i n g  -180 t o  +180" p h a s e  
s h i f t .  The p h a s e  d e t e c t o r  o u t p u t  i s  ampii  i ' i  c d ,  pa .ssed 
th rbough  a  preci .si .on l o o p  e r r o r  i n t e g r a t o r  and t h e n  d e l i v e r e d  
t o  t h e  VCXO f r e q u e n c y  c o n t r o l  i n p u t  f o r  f r e q u e n c y  a d j u s t -  
ment c o n s i s t e n t  m i t h  t h e  137 Ilz e r r o r  signal a m p l i t u d e  and 
p h a s e .  



5000 in L n i j  st,elj-;. T l i e  u ~ c x - t x l 1  gain of t l l r  137 117, CTX'LOT 

s i - c n x l  c l ixnne l  1 l r i . t  i ! i t j.s fed t o  t h e  pilase: dcletcctor  i s  
2 v a r i a t j l e  -from a.round 10  t c ,  ai-?c!ut. 750 X 1.0' i n  twc steps. 

Thp  h r ~ r l d w i d t h  of t h e  1:37 117, t u n e d  ampl . i f ie19 is ;;about 6 I Iz .  
Tlle a n a l o g  m u l t i p l i e r ,  t h e  I ' l : ~ l l n ~ v i n g  a m p l i f i e r  and t h e  274 

single l i n e a r  RlSI c h i p .  T h e  axla.log m u l t i l - ) l i e 1  h a s  a 
v a r i a . b l e  ~ ; ; i i n  a n d  ( j u t p u t  zer r i  a d j u s t  f e a t u r e  a n d  t h ' c  u n i t  
has  e x c ~ l l e n t  in~rnur i i ty  ag;ain,';t tenlpc.ratul-e v a . r i a t i o n s .  'I'hc 
l o o y  e r r o r  i r r t e c r a t o r  cl!iploye:? :in I C  1i . i  ti? c x c c l l e f l t  cirsi . t ' t  
c l - l a r a c t c f r . i s t i c s .  1 . d l - i f 1  of a b o u t  1 0  r:ll' :t-t t l x  o ~ i t [ ) u t  
of t h e  lciop inl,t>p;~:-r-.:it(.>r 1-err111 t s i n  a I7C>;O f r c?c luency  d r i f t  (.,I' 
a b o u t  4 X 1  Cl- ' ' . T h e  1 oc~], ii:ltep;r:i Lor t i m e  c:c.,r.lst ant. i s  
n o r m a l l y  c-~ne r~iinutc..  b u x  l.ir,o\- i si ox1 i s  rriade: t t o  c h a n g e  i t  t o  

c o n s t a n t ,  t h e  output should tlot d r i f t  rnc-)re t h a n  1 0  rnV wlreri 
t h e  fecdbaclr p a t h  is i n i t i a l  l y  s h o r t e d  a n d  t h e  cjutl:~ut v o l -  
t x g e  a d j u s t e d  t o  ze r -o ,  t h e  sl-1or.t r e m o v e d ,  and the o i ~ t p ~ ~ t  
v o l  t:tzg;.e j s o b s e r v e d  a f t e r  :i r n i  n u t e  . Thc i n t e g r a t o r  d e s i g n e d  
a.nd b u i l t  m e e t s  t,lai.s s p e c i f i . c : a t i o n .  The o ~ i t p u t s  c:)f' Lhc D.C. 
r p l i i ,  137 IIz t u r ~ c c l  arny71i f i c r  atrd the f i l  tcr.i:d 1 3 7  
Kz I-cf e r e n c e  f r c q u e n c : ,  :-rrt: sen t .  t o  t h e  ILT'FS Log.ic s u b s y s  tern. 

The it\-FS s y s t e m  c.)yjc.~,n t i o r l  r ~ l c i r l  i t o r s  t t i t '  s i g r i a l  l . e v c l s  o f  
i m p o r t a n c e  ar: \*a1-*i o u s  s t . : igcs i n  t h e  s t n n t l a r d  a n d  o p e r a t u s  

s y s t c r n  (see Yigi-urse l?>) . 

o u t p u t  s t  ate5 a r e  de-t t.~-r:liaecl 1.13- t llc! tle l .c\i ; ted 274- IIz s i g n a l  
l e \ . e l  f ~ n m  t h e  (jl)tic:~l ::issc'~~:bl! , t iai :  s!i!cl-ironously c1ctec:tccl 
1 3 7  IIz error s i g i l a l  l ~ \ - t ? l . ,  r,lle \(."SO c.:c~rlt~-o: \ - o l t a g e  I e s ~ c l  
a n d  t h e  4.816; . . . ~ I H L  S~ccluelic::: : - ; ~ ~ n t l i ? , s i z c r  locli: i n c i i -  
c.atin.p; s i g n a l .  l e v e l  . 'Ill? \-(I l tag? cc:)l!-,pal.:j tors , i , e l o r c  t he  
l o g i c  g a t e s  i n p u t s ,  tri.l.1 ivhcir~ t l i e  :ib~r~vcr s i g n a l s  exccccl tile 

I the VCXO i n p u t  is: m o n i  to~:'ctl 1.0 ~ ~ r n v i c l e  i n d i c : i t  i o n  or1 the 



From t h e  s c h e m e ,  i t  is  s c e n  t h a t  t h e  combined  s t a t u s  o f  t h e  
two f r o n t  p a n e l  l i g h t s  p r o v i d e s  i n d i c a t i o n  o f  t h e  p r o p e r  
f u n c t i o n i n g  o f  t h e  s y s t e m  and s u b s y s t e m  o p e r a t i o n .  When 
t h e  s t a n d a r d .  is  f u n c t i o n i n g  n o r m a l l y ,  o n l y  t h e  l i g h t  i .ndi--  
c a t i n g  c o r r e c t  o p e r a t i o n  o f  t h e  RVFS is ' O N ' .  To b r i n g  t h e  
m a l f u n c t i o n i n g  o f  t h e  s t a n d a r d  e v e n  f o r  a v e r y  small t i m e  
t o  t h e  n o t i c e  o f  t h e  o p e r a t o r  o f  t h e  s t a n d a r d ,  t h i s  correct  
o p e r a t i o n  i n d i c a t i o n  l i g h t  r e m a i n s  'OFF'  u n t i l  i t  i s  m a n u a l l y  
reset  when o n c e  p u t  'OFF'  a s  a r e s u l t  o f  a s m a l l  i n t e r r u p -  
t i o n  on  i t s  c o n t i n u o u s  o p e r a t i o n .  

R e g u l a t e d  DC Power  S u p p l i e s :  

The RVFS d e r i v e s  i t s  power  P r o m  f i v e  w e l l  r e g u l a t e d  DC 
power  s u p p l i e s  o p e r a t i n g  on 230 V, 50 H z  m a i n s .  T h e s e  DC 
power s u p p l i e s  d e l i v e r  +28V, +15V, - 1 , 5 V ,  +5V a n d  - 5 V  a n d  
ha.ve s u f f i c i e n t  o u t p u t  c u r r e n t  r a t i n g s  w i t h  a d j u s t a b l e  
c u r r e n t  l i m i t  f e a t u r e .  

CONCLUSION 

An o v e r a l l  v i e w  o f  Time a n d  F r e q u e n c y  a c t i v i t i e s  a t  NPL o r  
I n d i a  i s  g i v e n  i n  a n u t s h e l l .  Thc d e s i g n ,  d e v e l o p m e n t  a n d  
f a b r i c a t i o n  o f  r u b i d i u m  v a p o u r  f r e q u e n c y  s t a n d a r d  a l o n g  
w i t h  i t s  e l e c t r o n i c s ,  i s  d e s c r i b e d  u s i n g  i n d i g e n o u s  s o u r c e s  
i n  I n d i a .  The d e v e l o p m e n t  work o f  RVFS i s  q u i t e  a t  a n  
a d v a n c e d  s t a g e  a n d  t h e  model  w i l l  be r e a d y  s o o n ,  Thc s k i l l  
a n d  e x p e r i e n c e  g a i n e d  t h r o u g h  t h e  d e v e l o p m e n t  work o f  R V F S  
w i l l  h e l p  t a k i n g  u p  o f  making  b e t t e r  f r e q u e n c y  s t a n d a r d s  
l i k e  c e s i u m ,  h y d r o g e n ,  e t c .  

The a v a i l a b i l i t y  of t h e  i n d i g e n o u s  a t o m i c  s t a n d a r d s  w i l l  
s a v e  a  l o t  o f  f o r e i g n  e x c h a n g e  and  w i l l  h e l p  t h e  o n g o i n g  
r e s e a r c h  p r o j e c t s  i n  t h e  c o u n t r y  a n d  a l s o  i n  t a k i n g  u p  new 
p r o j e c t s  d e p e n d i n g  upon s u c h  a v a i l a b l e  f a c i l i t i e s .  
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TIME & PREQUEXCY SIGNAL DATA OF A T A  
-- .. - 

Call Sign : ATA 

L o c x t i c l n  n l  the  G ~ e a  ~r I l a i l a s l l ,  D c l l l i  
Stat ion 

h -, 2 ;  3 3 '  36" 
F 77O 18' II$," 

f i t he r  Standards " C s s e n  Ririg" t y 1 . 1 ~  r l u a r t z  c r y s t a l s .  
C o m n - l e r c i  al c - ; u a r t ~  s t n n t i a r d s  . 
(IIJI ?!(~tle.L 105J.3). 

C; i r r . i e r  Pc31~:er. ;U. K \ i  I: Pea I.; En vc lo) ) r :  E'o\\-cr ) 

Carri cr Frequency : 5 I Y , :I. 0 11Ilz an ci 15 ?,ili:/ . 

Time  B r n a d c a . s t  : 1.1 I Jou r s  Per T)ay on Ilonclay t o  S a t u r -  
day. (9: 00 - 20: 00 I S T  or: 3 :  30 - 
1.1 : 30  G?!'l') . 

4 P l o u ~ s  Per L):.t.y (.-)11 S ~ c : v n d  S : - t t ~ ~ ~ - c t a ) -  
of' t!le \ !nnt l i  : ~ n c i  Suad:~ys . 
(10:OG - l,!l:(.'~(l IST 0 1 ,  4::?(.1 - 8 : 3 0  [.i!d"l'). 

T i m e  S c a l e  
Acloptocl 

Accuracy of T-itlie + 
Interval - 1:: II) - 10 

Accuracy or 
Fr~yuency f 1 >, 10 -10 



TME AND FREQUENCY SET. UP 
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FIGURE 1 :  T i m e  and Frequency Set Up a t  NPL o f  I n d i a  

FIGURE 2 :  P h o t o g r a p h  of RVFS O p t i c a l  Pumping  
Experiniental Set Up 





FIGURE 4: ~b~~ Lamp W i t h  Excitation O s c i l l a t o r  

I , .- - - 

F i l t e r  Cell Temperatures 

454 



FIGURE 7 :  Mic rowave  C a v i t y  
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F I G U R E  6: Simpliiged Energy Level Diag ram for  Rb 87 

a n d  Rh 



FIGURE 8: Photograph of t h e  RVFS O p t i c a l  U n i t  
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