


in life, if we are too demanding, we will have to pay 
dearly, and not only with money, but also in terms of para- 
meters which are usually underestimated at the time of sys- 
tem acquisition, e.g. maintenance, training etc. 

We have seen a significant change in doctrine in the over- 
all design of systems in the DoD in the last five years. 
It has not yet filtered down through the ranks. One used 
to specify optimum performance of the overall system. This 
entailed the need for many special developments of subsys- 
tems and components - a very costly process by the time 
everything was debugged and ready for production. A much 
quicker, less expensive, safer (no breakthroughs required), 
and operationally much more reliable strategy of systems 
acquisition is one where a survey of components and sub- 
systems already in production precedes the overall system 
concept development including its final specification. In 
our terms of reference, this means that we first should 
look at what is currently available in the timing area. 

Fig. 2 is a short list of what is practical and sufficient 
for the large majority of users at this time. On the other 
hand, Fig. 3 shows what I believe could be obtained with 
systems which exist, but which require a modest further de- 
velopment (several hundred thousand dollars). 

An area of frequent misconceptions is the great difference 
in performance and environmental sensitivity of the vari- 
ous clock types. This is a large and important area which 
I present in Fig. 4. 

In addition to other criteria which limit the choice of a 
clock type for a particular application, the system noise 
is often overlooked as a basic limitation of clock utility. 
Fig. 5 is possibly an oversimplification, but one can see 
very clearly that towards the right part of the Figure we 
gain a great margin of safety with less expensive, simpler 
and more reliable clocks. 

I consider it as one of the great injustices in this world 
that those who select and purchase complex systems usually 
are not the ones who have to operate them. Tn fact, no 
other measure may be as effective in improving technologi- 
cal performance as keeping the noses of our specifiers and 
procurers on the grindstone of operations after the goods 
have been delivered. Fig. 6 lists only the most important 
sources of trouble, lack of redundancy and primary power. 





What We Want and What We Pay 
i 

S t a b i l i t y  
In f r equen t  Syn- 

ch ron i za t i on  

Cost 
S i z e  
Weight 
Power Consumption 
Maintenance Costs 
R e l i a b i l i t y  
Operator  T ra in ing  

F i g .  1. Clocks are Parts of Systems. 
Engineering is a Compromise 

B e t w i x t .  

+ 

By more than 95% of u s e r s  

5 u s  Time Accuracy 
0.2 ps T i m e  P r e c i s i o n  
1 x 10-l1 Frequency Accuracy I 
1 x 10-l2 Frequency P r e c i s i o n  ! 

4 

5 ns  Accuracy, Loca l ly  
(PC, TV, p-Wave) 

LOO n s  T i m e  Accuracy Worldwide 
5 x 10-l4  Frequency S t a b i l i t y  

( I d )  

F i g .  2 .  Practical and 
Needed, Today 

Fig. 3. Possible Today 

* 

Addi t ive  Noise Pe r tu rb ing  Noise Parameter Changes 

A t o m i c  Clocks 
(Rb, Cs) 
r range < 1s Is t o  1 week > 1 week 
Causes Thermal Shot n o i s e  of Spontaneous 

d e t e c t o r  sy s t ema t i c  
In£  luenced by Buffer  amps. Age Environment 

Quartz Clocks 
T range < Is -- > 10s  

Causes Thermal Acce l e r a t i on  Spontaneous d i f f u -  
c i r c u i t s  s i o n  of defects 

Inf luenced by Amount of V ib ra t i on  Age, environment, 
b u f f e r i n g  I r a d i a t i o n  

Fig. 4. Noise Types and Oscillators 



P h a s e  N o i s e  500 ps 1 0  11s 200 ns 2 11 1 ms 

T y p i c a l  S y s t e m  
p-Wave Ph 3 DSCS Loran-C OMEGA VLF Ops 

Improvcd 
NAVSAT Network 

TKANS I T  

Clock of Choice 1 "H" I Cs 004 C s X t a l  1 
Sigma ( I d )  6:,,10-1 5 3 . 5 ~ 1 0 - ~ ~  2 . 3 ~ 1 0 - ~  " x ~ o - ~  " x ] . o - '  O 

Required 6~1.0-I 1.2x10-1".3x10-1' 2 ~ 1 0 - ~ '  l . 2 ~ 1 0 - '  

S a f e t y  Margin 0 5 db  10  db 20 rib 21 db 

Fig. 5. System Noise and the Choice of Clocks. 
We assume daily re-synchronization. 

R e l i a b i l i t y  Through Real 
Redundancy 

Power, Standby,  NO-Breaks 
One DC L i n e  Can A l s o  Be 

Shor ted  
P r o j e c t  Books f o r  Clocks  

Fig. 6. Operations. 

: D i s c i p l i n e  j n  Terminology I 
Clock D i f f e r e n c e  - Signs 

' Clock Rate, F a s t  - Slow 
1 Frequency,  High - Low 

Fig. 7. S t a n d a r d s  - Con- 
ventions, 



S e l e c t i o n  of " ~ e t r o l o g y "  
Persons  

Mot tva t ion  - P r i d e  i n  
Accuracy 

C o n t i n u i t y  of Assignments 
Pomona's TV T r a i n i n g  

C a s s e t t e s  
Competent Leader  - 

Teachers  
1 

Fig. 8. Training. 

Use B e s t  Peop le  
Use All Clocks 
Exchange or  Repa i r  

of F a u l t y  Equipment 

Fig. 10. U s e  of Assets. 

B a t t e r i e s  Need Care 
Fuses  i n  DC S u p p l i e s  
Repa i r  v s  Exchange 
P i t f a l l :  Exchange f o r  

a Burned-Out Warning 
L i g h t  

I I 
Fig. 9. Maintenance. 

T r a i n i n g  - But no Touch 
With t h e  Bench 

Does Not Know 
I f  You Want Act ion  - 

~ o n ' t  Treat Them a s  
I d i o t s  

Fol low Up With H i s  Suc- 
c e s s o r  

Impress  B u t  ~on't Snow 

Fig. 11.. Management. 
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QUESTION AND ANSWER PERIOD 

DR. KLEPCZYNSKI: 

K l e p c z y n s k i  , Naval O b s e r v a t o r y  

1s t o d a y ' s  c r ' i s i s  1nan;tgelnen t o r  is i t c r i s i s  management?  

D R .  WINKLER: 

I t h i n l c  t h e  f a c t  that u.e h a v e  c r i s i s  rnanagellient is  a. lready 
a  p r o b l e m .  B e c a u s e  management ha.s riotl-iing t o  cio w i t h  book- 
k e e p i n g ,  a n d  yet, I t l i i n k  L h a t  i s  wha t  c v c r y b o d y  t h i n k s  i t  
i s .  I t  h a s  n o t h i n g  t o  dc-I i i ' i t h  s i d e  e f f e c t s .  I t h i n k  i t  
h a s  t o  do w i t h  t h i n k i n g  a n d  p l a n n i n g  a n d  w i t h  m o t i v a t i n g ,  
but how can you d o  t h a t ?  

C o u l d  we go back t o  t h a t  s l i d e  a b o u t  t h c  S'LF? A r e  you sa.y-" 
i n g  s y n c h r o n i z a t i o n  f o r  VI,F c jpera . t ior i  v e r s u s  V1,F noon?  A r e  
you s u g g e s , L i n g  t h a t  we g o  t o  c , r y s t a l  o s c i l l a t o r s  f o r  t h e  
1. m i l l i s e c o n d  t i m i n g  v e r s u s  t h e  2 m i c r o s e c o n d s  f o r  VLF' noon 
timing? Are you t a l k i n g  a b o u t  t h e  n c c d  fur t i m i n g  o r  are 
you t a l . k i n g  a b o u t  s y n c l - l r o n i x a t  i o n  f t h e  comrnunicat  i o n s ?  

DR. WINKLER 

I a m  talking a b o u t  t h e  l i m i t a t i o n  o f  al.1 y o u r  measurements 
i f  you u s e  h i g h  f r e c l u e n c y  s i . g n a l s .  You a r e  l i m i t e d  t u  a 
p r e c i s i o n  o f  a b o u t  1 mil 1 i s e c o n d  f r o m  d a y  t o  d a y .  If you 
lose t i m e ,  you c,an p i c k  u p  t i r ne ,  a g a i n  t o  1 m i l l i s e c o n d ,  by 
l i s t e n i n g  .to s time s i g n a l .  I f  you h a v c  n d a i l y  o p e y a t i o n  
l i k e  t h a t ,  i.n a  s q - s t e m  m7i1ere t h e  1 r n i l l i s e c o r - i d  p h a s e  n o i s e  
i s  your a l l v w e d  p e r f o r m a n c e  l i m i t .  1 t h i n k  a q u a r t z  c r y s t a l  
o s c i l l a t o r  i s  y o u r  o s c i l l a t o r  (-11 c h o i c e  b e c a u s e  i t  g i v e s  
you a  p e r f o r m a n c e  a b o u t  1 0 0  t i m e s  better t h a n  what you n e e d  
i n  o r d e r  t o  sL:ty i v i t l l i n  that 1 mi 1 : l i s e c o n d  f r o m  clay t o  d a y .  

MR. LIEBERMAN : 

1s t h a t  a t  t h e  t r a n s m i t t e r ?  

DR. WINKLEH: 

A t  t h e  t r a n s m i t t e r  as vicll a s  t h e  r e c e i v e r .  I t  is  only 



t h a t  you want t o  u s e ,  i n  o r d e r  t o  f r e e l y  u t i l i z e  t h e  bene-  
f i t s  of  t h e  t i m e  s y s t e m ,  you w i l l  want t o  have  less f r e -  
q u e n t  r e - s y n c h r o n i z a t i o n  t h a n  d a i l y  and  t h e n ,  o f  c o u r s e ,  
h e r e  you are immed ia t e ly  u s i n g  your  m a r g i n o f  s a f e t y .  

And t h e n  you may d e c i d e  you want t o  p u t  i n  a  h i g h e r  p e r -  
f o r m i n g  c l o c k ,  b u t  t h a t  is c a u s e d  by a less  f r e q u e n t  t h a n  
d a i l y  r e - s y n c h r o n i z a t i o n ,  g i v e n  t h a t  p h a s e  n o i s e .  I f  you 
want t o  s t a y  w i t h i n  2 m i c r o s e c o n d s  o v e r  a  p e r i o d  of  1 0 0  
d a y s ,  I would even  g o  t o  t h e  same c h o i c e .  

S o ,  a g a i n ,  p l e a s e ,  I have  t o  a p o l o g i z e  i n  t h e  i n t e r e s t  o f  
making a  p o i n t ,  somehow one  h a s  t o  s t a r t  o u t  w i t h  o v e r -  
s i m p l i f i e d  c h a r t s .  T h i s  i s  a n  o v e r s i m p l i f i c a t i o n .  B u t ,  I 
t h i n k  i t  g i v e s  you t h e  main i d e a s ,  what are t h e  p a r a m e t e r s  
and where c a n  I have p a y o f f s ?  I t  b r i n g s  o u t  a n o t h e r  p o i n t ,  
o f  c o u r s e ,  and  t h a t  is t h a t  any  s y s t e m s  e n g i n e e r  ough t  t o  
be r e a l l y  b a r g a i n i n g  a b o u t  t h e s e  v a r i o u s  pe r fo rmance  p a r a -  
meters. Tha t  is  a  p r o c e s s  which I d o n ' t  t h i n k  is r e a l l y  
c a r r i e d  o u t .  

I have n e v e r  y e t  s e e n  p e o p l e  who w i l l  t u r n  a round  and  s a y ,  
l o o k ,  t h a t  is  s i m p l y  a s k i n g  f o r  t o o  much t r o u b l e .  B u t ,  
you can  have  t h i s .  Could you d e s i g n  your  s y s t e m  a round  a 
g r e a t  c a p a b i l i t y  h e r e ?  I t  i s  a k i n d  'of b a r g a i n i n g  and  may- 
b e  w e  a r e  n o t  s a l e smen  enough t o  p o i n t  o u t  g r e a t  a d v a n t a g e s  
on t h e  one  hand and a h i g h  p r i c e  on t h e  o t h e r  one .  The 
d e s i g n  of a s y s t e m ,  n o t  by f i r s t  d reaming  up a g i g a n t i c  
t h i n g  which w i l l  do e v e r y t h i n g  and  t h e n  w o r r y i n g  a b o u t  what 
components  do w e  now have  t o  d e v e l o p .  I t h i n k  t h a t  is  t h e  
wrong a p p r o a c h .  

Tha t  is  what is c a u s i n g  t h e  v e r y  h i g h  e x p e n d i t u r e s  which 
w e  a r e  f a c i n g  i n  o u r  modern s y s t e m .  The r i g h t  a p p r o a c h ,  I 
t h i n k ,  is t o  l o o k  a round  t o  have  a  g e n e r a l  i d e a  o f  what w e  
want t o  do  and t o  l o o k  a round  a t  what is  a v a i l a b l e  t o d a y  
and o n l y  u s e  t h o s e  components .  B u t ,  I d o n ' t  t h i n k  w e  are 
d o i n g  t h a t .  

D R .  COSTAIN: 

D r .  W i n k l e r ,  you men t ioned  for 100 nanosecond wor ldwide  
s y n c h r o n i z a t i o n  t h a t  i t  would t a k e  a b o u t  $100 ,000  o r  
$200 ,000 .  Are you r e f e r r i n g  f o r  i n s t a l l a t i o n  and  a r e  you 
i n c l u d i n g  any m a i n t e n a n c e  c o s t s  i n  t h i s ?  



DR. WINKLER: 

I h a v e  m e n t i o n e d  s e v e r a l  h u n d r e d  t h o u s a n d .  I d o n ' t  t h i n k  
you c a n  do  i t  w i t h  $ 1 0 0 , 0 0 0 .  T h e r e  a r c  two c a n d i d a t e s  
w h i c h  I t h i n k  c o u l d  do t h a t .  One is the i m p r o v e d  t r a n s i t  
s a t e l l i t e s  a b o u t  w h i c h  I hope t o  h e a r  a l i t t l e  b i t  more  
again t h i s  s e s s i o n ,  We had a p a p e r  l a s t  y e a r  a b o u t  i t  a n d  
what you need t o  do h e r e  i s  t o  g e t  s e v e r a l  h u n d r e d  t h o u s a n d  
d o l l a r s  t o  develol- ,  r e c e i v e r s ,  a n d  t h c  oLher  o n c  i s  t h e  
n a v i g a t i o n  t e c h n o l o g y  s a t e l l i t e  o r  the n a v i g a t i o n  d e v e l o p -  
ment s a t e l l i t e  g o i n g  i n t o  t h e  global p o s i t i o n i n g  s y s t e m ,  

Here a g a i n ,  t o  g e t  s t a r t e d  w i t h  t i m i n g  r e c e i v e r s  w i l l  re-  
q u i r e  t h a t  k i n d  of f u n d i n g  b u t  a f t e r  we h a v e  s t a r t e d  a n d  
r e a l l y  h a v e  some r e c e i v e r s  on t h e  m a r l c e t ?  I am sure Lhe 
p r i c e  w i l l  go  down. I t h i n k  s u c h  a r e c e i v e r ,  i n  f a c t ,  I am 
r e a s o n a b l y  c o n f i d e n t ,  i s  a l r e a d y  u n d e r  dc!velopment f c r  t h e  
g l o b a l  p o s i t i o n i n g  s y s t e m .  

S o ,  I t h i n k  t h a t  t h i s  i s  u--i t h i n  t h c  r e a c h ,  a c o u p l e  o f  
h u n d r e d  t h o u s a n d  d o l l a r s  ~ i - i l l  give you, I a m  quite c o n f i -  
dent, 200 n a n o s e c o n d s .  In f a c t ,  I t h i n l c  l a s t  byear t h e r e  
w a s  a r e p o r t  b y  t h e  NRL g r o u p ,  NIZL rr ientioned by D-1%. C l a r k .  
Some o f  t h e s e  e x p e r i m e n t s  n-hich a r e  l ~ e i n g  c a r r i . e d  o n ,  a re  
e x a c t l y  i.n t h a t  arcu, a n d  I t h i n k  the). a r e  a c h i e v i n g  this 
k i n d  o f  p e r f o r m a n c e ;  200 n a . n o s e c o n d s .  

I t  i s  clear. t h a t  a  w o r l d w i d e  coverngct  can o n l y  be  a c h i e v e d  
b y  a  s a t e l l i t e .  




