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F o r  many y e a r s ,  t h e  p r i m a r y  m e a n s  o f  e s t a b l i s h i n g  t h e  
i n t e r n a t i o n a l  time scale T A I  was t h r o u g h  t h e  Loran  C n a v i g a t i o n  
ne twork .  When t h e  E a s t  Coas t  ne twork  was r e c o n f i g u r e d  i n  1979, w i t h  
t h e  i n t r o d u c t i o n  o f  Seneca  a s  t h e  m a s t e r  o f  t h e  Nor th  E a s t  C o a s t  c h a i n ,  
i t  had some r a t h e r  s u r p r i s i n g  e f f e c t s  on i n t e r n a t i o n a l  time keep ing .  

I n  Ottawa w e  found  t h a t  t h e  time o f  a r r i v a l  o f  s i g n a l s  r e c e i v  d  f f r o m  N a n t u c k e t  a n d  S e n e c a  showed  a  s e a s o n a l  v a r i a t i o n  o f  o v e r  1 p s  . 
T h i s  is t h e  r e s u l t  o f  c h a n g e s  i n  p r o p a g a t i o n  d e l a y ,  and  t h e  c h a n g e s  
i n t r o d u c e d  i n  t h e  e m i s s i o n  times of t h e  Loran C s t a t i o n s  by t h e  l o c a l  
a r e a  m o n i t o r  a t  Sandy Hook. Our p a t h  t o  Seneca  is s h o r t  and  much o v e r  
w a t e r ,  w h i l e  t h e  p a t h  t o  Nantucket  is o v e r  t h e  Adi rondacks .  Fo r  USNO 
t h e  r e v e r s e  is t r u e ,  and  when t h e  USNO s t a r t e d  r e p o r t i n g  Seneca  i n  mid 
1979 ,  a  l a r g e  s e a s o n a l  v a r i a t i o n  was i n t r o d u c e d  i n t o  t h e i r  time s c a l e ,  
a n d  b e c a u s e  o f  t h e i r  w e i g h t  o f  c l o c k s ,  i n t o  TAI. I n  F i g u r e  1, i t  c a n  
b e  s e e n  t h a t  t h e  time s c a l e s  o f  N R C  and  PTB have  a  s t r o n g l y  c o r r e l a t e d  
s e a s o n a l  v a r i a t i o n ,  i n  o p p o s i t e  p h a s e  t o  t h a t  o f  t h e  USNO, which is  an  
i n d i c a t i o n  t h a t  t h e  o b s e r v e d  s e a s o n a l  v a r i a t i o n  was i n  TAI .  The T A I  
mean f r e q u e n c y  a l s o  i n c r e a s e d  by 1 x 10-13 . Of c o u r s e  a l l  c l o c k s  and 
a l l  Loran C p a t h s  might  c o n t r i b u t e  t o  s e a s o n a l  e f f e c t s  t o  some d e g r e e ,  
b u t  t h e  change  i n  t h e  Loran C  ne twork  made t h i s  p a r t i c u l a r l y  o b v i o u s  
f o r  t h e  USNO s c a l e .  

I n  1 9 8 3  t h e  USNO began r e p o r t i n g  t o  t h e  B I H  by GPS s a t e l l i t e s ,  s o  
t h e  s e a s o n a l  e f f e c t  s h o u l d  d i s a p p e a r ,  and i t  d i d .  T h e r e  is some 
v a r i a t i o n ,  b u t  i t  is n o t  s e a s o n a l .  

Bu t ,  i n  t h e  PTB s c a l e ,  t h e  s e a s o n a l  v a r i a t i o n  is s t i l l  t h e r e ,  and  
t h i s  time, the NRC c a n  o f f e r  l i t t l e  h e l p .  Fo r  1 9 8 3  and t o  J u n e  1984,  
we see a  v e r y  s i m i l a r  s e a s o n a l  v a r i a t i o n ,  b u t  t h e n  we r a n  i n t o  t r o u b l e .  
C s V  r a n  o u t  o f  ce s ium,  b o t h  o v e n s  w i t h i n  s i x  weeks,  and  when t h e  o v e n s  
were r e f i l l e d ,  b e f o r e  C s V  was e v a l u a t e d ,  work s t a r t e d  on " improving"  
t h e  a i r - c o n d i t i o n i n g  o f  t h e  b u i l d i n g  t o  s a v e  e n e r g y .  The l o s s  o f  
t e m p e r a t u r e  c o n t r o l  i n  t h e  CsVI room made i t  i m p o s s i b l e  t o  u s e  them a s  
r e f e r e n c e s  f o r  t h e  C s V  e v a l u a t i o n .  

An e v a l u a t i o n  was f i n i s h e d  i n  J a n u a r y  1985, a s  c a n  b e  s e e n  i n  
F i g u r e  1, b u t  p rob lems  w i t h  t e m p e r a t u r e  r ema ined  t h r o u g h  1986. The re  
w i l l  be  a  s e p a r a t e  c o n t r o l l e r  f o r  t h e  CsVI room s h o r t l y ,  and i t  is 
hoped t o  be  back t o  normal  o p e r a t i o n  soon.  



There might  be s i g n s  of t h e  c o r r e l a t i o n  r e t u r n i n g  between NRC and 
PTB, b u t  t h e  ques t i on  of where t h e  seasonal v a r i a t i o n s  a r i s e  i s  s t i l l  
n o t  answered. 
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F i g u r e  1. The r e l a t i v e  frequency d i f f e r e n c e s  between T A I  and t h e  t ime  
sca les  o f  NRC, PTB and USNO. For  each curve  t h e  d o t t e d  l i n e  
i s  T A I .  

The PTB has now two p r imary  cesium c l o c k s  i n  ope ra t i on  and t ey 
have r e p o r t e d  en  e x t r a o r d i n a r y  agreement  a t  CPEM ' 862 ,  3 x 
throughout  t h e  year. I t  i s  h a r d  t o  b e l i e v e  t h a t  two independent 
p r ima ry  cesium c locks  cou ld  t r a c k  so c l o s e l y  i f  t h e r e  i s  a  l a r g e  
seasonal e f f e c t .  

We were q u i t e  su re  i n  1980 and 1981 t h a t  t h e  seasonal swings o f  
over  1 were n o t  i n  t h e  NRC and PTB pr imary  c locks.  The t ime  
t r a n s f e r  by t h e  Symphonie s a t e l l i t e ,  F i g u r e  2, over  t h i s  p e r i o d  showed 
no  evidence o f  seasonal v a r i a t i o n s .  The change a t  MJD 44520 was t h e  
e v a l u a t i o n  o f  CsV. The v e r t i c a l  l i n e s  a re  t h e  dates on which PTB 
reversed  t h e i r  beam i n  CSl, and we thought  t h a t  we de tec ted  a  
t 2 lo-'' b i a s  on reve rsa l .  The PTB was su re  t h a t  t h i s  was n o t  so, 
b u t  i t  was e x c i t i n g  then  t o  measure w i t h  such p r e c i s i o n  between 
l a b o r a t o r i e s  5,500 km apar t .  We hope be fo re  l ong  t h a t  two-way 
s a t e l l i t e  t ime t r a n s f e r  u s i n g  t h e  H a r t l  modems w i l l  be a ma t te r  o f  
d a i l y  r ou t i ne .  



UTC(NRC1 - UTCCPTB) v i a  Symphoni e 

MJD - 44000 

F i g u r e  2. The d i f f e r e n c e  between t h e  UTC t ime  sca les  o f  NRC and PTB as 
measured by two-way t ime t r a n s f e r  v i a  t h e  Symphonie 
s a t e l l i t e .  

The performance of t h e  CsVI c l o c k s  aga ins t  T A I  i s  shown i n  
F i g u r e  3. As i n  F i g u r e  1, t h e  d o t t e d  l i n e  represen ts  T A I  f o r  each 
curve. Whi le t h e  performance has  been somewhat d isappo in t ing ,  it must 
be p o i n t e d  o u t  t h a t  they have never been steered, and t h a t  t h e  
frequency of each c l o c k  i s  determined o n l y  by i n d i v i d u a l  eva lua t ion .  

Far  t h e  f u t u r e  on our  cesium standards we s t i l l  hope t h a t  t ime  can 
be found t o  reduce t h e  s e n s i t i v i t y  o f  our CsVI 's t o  temperature end t o  
mechanical  shocks. I t  i s  e s s e n t i a l  t h a t  we i n s u l a t e  t h e  Ramsey 
c a v i t i e s  t o  e l i m i n a t e  t h e  t h e r m o e l e c t r i c  c u r r e n t s  which a r e  s e n s i t i v e  
t o  bo th  temperature and v i b r a t i o n s .  

For  CsV, i t  i s  now 14 years  o ld ,  i t  has about 15 grams o f  ces iun  
somewhere i n s i d e ,  and we d o n ' t  know what e f f e c t s  t h i s  might  have. The 
e l e c t r o n i c s  have been s t e a d i l y  improved, and cab les  replaced, because 
c o n t a c t s  can d e t e r i o r a t e  over  such t ime. We have been add ing  d i g i t a l  
s e r v o  systems t o  mon i t o r  t h e  ana log  servos, and we may go t o  f u l l y  
d i g i t a l  servos. 
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F i g u r e  3. The r e l a t i v e  frequency d i f f e r e n c e  between T A I  and t h e  t ime  
sca les  o f  CsVI A, CsVI 6, and CsVI C. 

The paper3  we gave h e r e  two y e a r s  ago desc r i bed  a  new method t o  
determine t h e  v e l o c i t y  d i s t r i b u t i o n  i n  t h e  cesium beam and a  very  
accu ra te  de te rm ina t i on  of  t h e  Second Order Doppler co r rec t i on .  I f  you 
s e t  t h e  frequency a t  t h e  cen te r  o f  t h e  Ramsey resonance, and vary  t h e  
microwave e x c i t a t i o n  power, a  Fas t  F o u r i e r  Transform o f  t h e  r e s u l t i n g  
c u r v e  w i l l  g i v e  t h e  t ime-of  f l i g h t  d i s t r i b u t i o n ,  which i s  r e a d i l y  
conver ted  t o  v e l o c i t y  d i s t r i b u t i o n .  To check, t h e  Ramsey p a t t e r n  can 
be ca lcu la ted ,  and compared w i t h  t h e  exper imenta l  curve. We found 
d i f f e r e n c e s  of  l e s s  t han  1%, and reduced t h e  u n c e r t a i n t y  i n  t h e  Second 
Order Doppler c o r r e c t i o n  from 2 x 10-l4 t o  1 x 

L a s t  yea r ,  we r e p o r t e d 5  on t h e  r e c o r d i n g  o f  t h e  t r a n s i e n t  o f  t h e  
cesium beam t h a t  occurs w i t h  t h e  square wave frequency modu la t ion  t h a t  
we use. The atoms t h a t  have passed through t h e  f i r s t  c a v i t y ,  and a r e  



caught i n  between t h e  c a v i t i e s  when t h e  frequency i s  s h i f t e d  t o  t h e  
o t h e r  s i d e  o f  t h e  resonance, g i v e  a p u l s e  t h a t  i s  dependent on t h e  
v e l o c i t y  d i s t r i b u t i o n .  For  each v e l o c i t y  you have t h e  upper h a l f  o f  a 
s i n e  wave, which beg ins  when t h e  atoms f rom t h e  second c a v i t y  reach  t h e  
de tec to r ,  and ends when t h e  atoms from t h e  f i r s t  c a v i t y  reach  t h e  
de tec to r .  From t h e  known v e l o c i t y  d i s t r i b u t i o n ,  you can compute t h e  
shape o f  t h e  p u l s e  and compare i t  w i t h  t h e  exper imenta l  curve. The 
e x c e l l e n t  agreement  c o n f i r m s  t h e  c o r r e c t n e s s  o f  t h e  v e l o c i t y  
d i s t r i b u t i o n ,  and t h e  method can be used a t  a l a t e r  da te  t o  check 
whether o r  n o t  t h e  d i s t r i b u t i o n  has changed, w i t h o u t  i n t e r r u p t i n g  t h e  
o p e r a t i o n  o f  t h e  standard. 

We a l s o  d iscussed l a s t  year  t h e  p o t e n t i a l  o f  l a s e r  c o o l i n g  of  
cesium atoms t o  c r e a t e  a Zachar ias f oun ta in ,  t o  b r i n g  a cesium s tandard  
i n t o  p a r t s  i n  1016 range. We have been purchas ing hardware as t h e  
f i r s t  s t e p  towards t h i s  goal, b u t  w i t h  many o t h e r  p r o j e c t s  demanding 
t ime, p rogress  i n  t h i s  e x c i t i n g  p r o j e c t  might  be s lower  than  we would 
wish. 

Development o f  two hydrogen masers, H1 and H2, was s t a r t e d  a t  
NRC i n  1964 and o s c i l l a t i o n  f i r s t  occur red  i n  1966. S ince 1975, 
accu ra te  frequency comparisons between t h e  masers under auto- tuner  
c o n t r o l  and t h e  NRC p r imary  ces iun  s tandards have been c a r r i e d  out.  
Data a r e  a v a i l a b l e  up t o  t he  end o f  1985. 

The frequency o f  each o f  t h e  masers has shown a decrease w i t h  t ime  
w i t h  r espec t  t o  t h e  cesilnn frequency. A f t e r  examinat ion o f  o t h e r  
p o s s i b l e  causes, t h i s  frequency change has been a t t r i b u t e d  t o  an 
i n c r e a s e  i n  t h e  w a l l  s h i f t  o f  t h e  T e f l o n  c o a t i n g  o f  each o f  t h e  s to rage  
bulbs.  The e f f e c t  i s  t y p i c a l l y  seve ra l  p a r t s  i n  loi3 p e r  year. Data 
f o r  two p a r t i c u l a r  s to rage  bu lbs  a r e  as f o l l ows :  - 

1. Bulb i n  maser H1. Data over  5 years. 
A change i n  s l ope  occur red  a f t e r  about 2 years. P r i o r  t o  t h a t ,  
t h e  w a l l  s h i f t  d r i f t  was -5 x p e r  year. Since then, i t  
has been -13 x per  year. 

2. Bulb i n  maser H2. Data over  11 years. 
A change i n  s l ope  occur red  a f t e r  about  8 years. P r i o r  t o  t h a t ,  
t h e  d r i f t  was -3 p e r  year. Since then, i t  has been 
-17 x 10-13 pe r  year. 

The reason f o r  t h i s  d r i f t  i s  s t i l l  n o t  understood. I t  i s  thought  
t o  be due t o  a change i n  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  Tef lon 
s u r f a c e  w i t h  t ime, such t h a t  t h e  e f f e c t i v e  su r f ace  area i s  increased. 
I t  does n o t  appear t o  be t h e  r e s u l t  o f  con tamina t ion  s ince,  i n  t h a t  
case, a corresponding decrease i n  l i n e - 4  would be expected t o  occur. 
I n  f a c t ,  no s i g n i f i c a n t  decrease i n  l i n e - 4  has been observed over  t h e  
pe r i ods  concerned. 



Wall  s h i f t  d r i f t s  have been observed, a t  l e a s t  f o r  some coatings, 
by Japanese, Aus t ra l i an  and Russian workers. Other l a b o r a t o r i e s  have 
repor ted  no d r i f t  so i t  seems t h a t  coa t ing  o f  t h e  bu lbs  i s  s t i l l  n o t  an 
exact  science. 

Two new hydrogen masers, H3 and H4, are  now under cons t ruc t i on  and 
i t  i s  hoped t o  observe o s c i l l a t i o n  i n  l a t e  1987. They are  f u l l - s i z e  
a c t i v e  masers which incorpora te  a  number o f  improvements over the  
design o f  H 1  and H2. For example, t he  magnetic s h i e l d i n g  o f  t he  
resonant c a v i t y  reg ion  w i l l  be g r e a t l y  improved over t h a t  o f  t he  
present  masers by the  use o f  f i v e  magnetic sh ie lds  i ns tead  o f  three, 
and by the  use o f  smal ler  ho les  through the  s h i e l d  baseplates f o r  t he  
vacuum pipe. Metal  vacuum sea ls  w i l l  be used throughout, i ns tead  o f  
t h e  V i ton  O-rings used prev ious ly .  Th is  should r e s u l t  i n  a  c leaner 
vacuum environment f o r  t h e  storage bulb. A t ten t i on  has a l so  been p a i d  
t o  improved mechanical and thermal i s o l a t i o n  o f  t he  resonant c a v i t y ,  i n  
order t o  improve the  long-term frequency s t a b i l i t y .  

I t  i s  expected t h a t  H3 and H4 w i l l  e x h i b i t  b e t t e r  long-term 
s t a b i l i t y  and greater  r e l i a b i l i t y  f o r  cont inuous opera t ion  than H1 and 
HZ. I f  t h i s  proves t o  be t rue,  one o r  bo th  o f  them may eventua l ly  be 
used as c locks  and as c o n t r i b u t o r s  t o  t h e  NRC t ime scale. I n  add i t ion ,  
i t  may be poss ib le  t o  shed some f u r t h e r  l i g h t  on the  problem o f  w a l l  
s h i f t  changes. 

We have had p re l im ina ry  d iscussions w i t h  Telesat Canada on t h e  
p o s s i b i l i t y  o f  broadcast ing t ime s igna ls  from the  proposed MSAT 
s a t e l l i t e s .  The quest ion o f  adding a  400.1 MHz t r a n s m i t t e r  was 
discussed and discarded, because i t  would be i m p r a c t i c a l  due t o  the  
weight o f  t h e  added hardware t h a t  would be needed. The best  s o l u t i o n  
seems t o  be t o  lease a few kHz on t h e  s a t e l l i t e .  The t ime s i g n a l  under 
our c o n t r o l  would be up l i nked  from t h e  main ground s ta t i on ,  It i s  
thought tha t ,  from t h e  experience w i t h  NBS GOES program t h a t  t h i s  cou ld  
provide a  serv ice  much super io r  t o  the  shortwave service. 

While general approval f o r  t h e  MSAT s a t e l l i t e  has been g iven i n  
Canada, we understand t h a t  i t  can only go ahead i f  an e s s e n t i a l l y  
i d e n t i c a l  p a i r  o f  s a t e l l i t e s  a r e  launched by the  States, and t h e  l a s t  
t h a t  we heard, t he  s i t u a t i o n  the re  i s  no t  c lear .  There are  severa l  
competing proposals, and t h e  frequency a l l o c a t i o n  i s  uncertain. A t  t h e  
moment the  proposal f o r  MSAT is i n  limbo, 

Another proposal  by our Department o f  Transport i s  t o  l o c a t e  a VLF 
s t a t i o n  a t  Cambridge Bay i n  t h e  Canadian Arc t i c ,  approximately 105' W 
l ong i tude  and 69" N l a t i t u d e .  A frequency a l l o c s t i o n  i n  t h e  25-30 kHz 
band has been requested. The s t a t i o n  would serve t o  supplement the  
Omega system f o r  nav iga t ion  i n  the  Arc t ic .  Considerat ion i s  being 
g i ven  t o  i nc lude  a  t ime code i n  t h e  broadcast, i f  t h i s  can be done 
w i thou t  impa i r i ng  t h e  nav iga t ion  s ignals.  There i s  already a 600 f t  
antenna on t h e  s i t e .  As r a d i o  recep t ion  i n  t h e  shortwave i s  f requent ly  
impossib le in t he  A rc t i c ,  i t  cou ld  be a u s e f u l  service. I f  i t  does go 
ahead we would use the  same code as WWVB. 
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