
INTRODUCTION TO PLANNERS P A N E L  

D R .  W I N K L E R :  T h a n k  you, Nick. I think we should go r i g h t  ahead and ask the  
panel t o  comment on fu tu re  time requirements as they can be expected from 
the  p o i n t  of view o f  systems. May I  ask the  f i r s t .  

M R .  CITTADINO: Okay. T h a n k  you. What we will attempt t o  do i s  t o  t r y  t o  
give you a view as we see i t  of the  requirements fo r  timing from four d i f f e r e n t  
perspectives.  I will  speak very b r i e f l y  on the  perspective o f  the  Department 
of Defense with respect  t o  communications, command a n d  control and i n t e l l i -  
gence systems. 1'11 be followed by Dr. Stover who will  speak on the  require-  
ments from the  communications point o f  view as seen from the  Defense Cornrnunica- 
t ions  Agency. Dr. Goblick wi l l  t a l k  from his  experience in the  labora tory  
which i s  working on numerous projec ts  which r e l y  very g rea t ly  on prec ise  
timing. And then Dr. Garvey wi l l  speak from an industry point of view, what 
he sees  coming down the  pike in the  r e l a t i v e l y  near term from his  viewpoint 
in indust ry .  So, without f u r t h e r  ado, l e t  me get  in to  wha t  I ' d  l i k e  t o  say.  
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PLANNERS PANEL- 

3 Panel Chairman: John C .  Cittadino, Director, Theater and Tactical C , 
Office of Secretary o f  Defense 

When Nick Yannoni asked me t o  participate on t h i s  panel, we agreed that  
i t  would make sense t h a t  I t a l k  a b o u t  the importance of precise timing t o  

A 

3 military operations and mil i tary command, communication and control ( C  ) sys- 
systems. All my 1 i f e  I 've  read and heard war s tor ies  and how important timing 
has been in the winning and l.osl'ng of the key bat t les  in most of the world's 
great wars. B u t  being an expert i n  neither warfare or the science of precise 
timing, I f e l t  compelled t o  go t o  the history books in an attempt to establish 
the origin of the use of timing i n  warfare. And as near as I can pinpoint i t ,  
i t  a l l  began with Alexander the Great early in his career during the war with 
Tyre in 332 B . C .  

I t  seems tha t  Alexander was having a very hard time with the Tyrians who 
had for  seven months resisted the siege of his forces. I t  eventually became 
apparent tha t  his d i f f i cu l t i e s  were caused by the fa i lure  of the various le-  
gions under his command t o  coordinate their  a t t a c k ,  Those of you familiar 
with Alexander's accomplishments will recall that  he was the f i r s t  advocate 
of t ruly balanced and combined arms warfare; briny ing together 1 egions of 
sword carrying infantry with those made u p  of spear car r ie rs ,  archers, javelin 
throwers and f ina l ly  cavalry. S i t t i n g  despondently in his tent  one evening 
a f t e r  another severe setback, he racked his brains trying t o  come up  with the 
solution to  his dilemma. He knew t h a t  he must snychronize his attack, b u t  
exactly how remained the question. Then recalling the teachings of his mentor 
Aristotle,  t o  always look to science for  the answer t o  seemingly unsolvable 
problems, he remembered the d i scove ry  o f  one of the alchemists who was part 
of the large entourage o f  sc ien t i s t s  and engineers wha were an integral part 
of Alexander's army. I t  seems t h a t  a dye had been produced which possessed 
the remarkable character is t ic  of a1 ways changing color from red t o  green with 
the same precise time interval a f t e r  the m i x i n g  of the  individual components. 

He summoned his a lchem- is ts  and had them n i x  a large amount o f  the dye and 
then used i t  t o  color s t r ip s  o f  rag,  He next summed h i s  combined arm commanders 
and la id o u t  the plan for  a new a t t a c k  the n e x t  day on the Tyrian forces. He 
emphasized tha t  the attack must be in i t ia ted ,  enmasse, a t  precisely the right 
time. They would know t h e  right time by watching t h e  rag bands, which they 
would each t i e  around the i r  wrists - and  he proceeded to hand out the rags 
with the special dye. 

Of course, I'm sure you've already guessed the res t  of the story,  the 
b a t t l e  was a rout; Alexander overthrew Tyre and with his use of finely coordi- 
nated combined forces, using the newly invented technique for  precise timing 
he went on t o  conquer the  lands from Southern Europe across the Mediterranean 
and as f a r  eas t  a s  India. And i t  a l l  happened because of the world's f i r s t  
Alexander's rag time band. 



B u t  in thinking seriously about time, i t  seems tha t  those of us in the sys- 
tems business tend to  take i t  for granted. We generally tend to  p u t  timekeeping 
into one of two categories. The f i r s t  i s  when we take a quick glance a t  our 
wrist ,  where we see a device that  has served us pretty well over the years. 
In t h i s  day and age even those watches we used to see in the TV commercials 
strapped to  the t i p  of a ski jumper's ski or sumerged for  days under the ocean 
have gone t o  quartz technology. They boast of accuracy on the  order of one 
o r  two seconds per month. As long as i t  continues ticking a f t e r  unspeakably 
inhumane treatment and provides reasonable accuracy, what more could be asked 
of our t rus ty  time-pieces. Or on the other hand, we may not take quite such 
a cavalier a t t i t ude  toward time. We recognize that  accuracy and precision 
are  necessary in cer tain walks of l i f e .  We tend to  t h i n k ,  however, that  pre- 
c i se  time i s  somehow the province of the research sc i en t i s t  secluded away 
somewhere in his laboratory, who needs t o  s p l i t  the second into ever shrinking, 
b u t  more precise, increments to  sa t i s fy  his scholarly pursuits. 

I ' d  l i ke  t h i s  morning to  depart from both of these views of time and assure 
you that  we i n  the systems business need to become much more cognizant of the 
absolutely c r i t i ca l  role  precise time will play in the "Real World" of future 
mi 1 i tary operations. 

Accurate time i s  indispensable for  numerous techno1 ogical , commercial and 
sc i en t i f i c  purposes. Closer to  home, command, control , communications and . . 

3 intell igence (or C I )  systems -- both those currently in operation and those 
s t i l l  an the drawing boards -- and our very a b i l i t y  to  successfully employ 
sophisticated electronic systems in ba t t le  i s  intimately t ied to  the timing 
sources dispersed through the various echelons of our mili tary forces,  In 
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general, C ~ I  systems timing requirements f a l l  into e i ther  one or two of two 
major categories. F i rs t ,  are  the various communications systems requiring 
synchronization to  on the order of tens of microseconds, or l e s s ,  due to  the 
increasingly high data modulation rates ,  time division mu1 t iplexing, and the 
use of precisely synchronized spread spectrum transmission techniques. Second 
are  users of synchronization for  positioning systems. Time and frequency are  
a1 so essential  fo r  identification systems such as  Identification Friend or Foe 
(IFF) o r  coll  ision avoidance systems. 

I I ' m  told tha t  a famous astronomer once observed tha t ,  "We don't know what 
data astronomers will want in the next twenty years, b u t  we are  sure that  they 
want i t  w i t h  much greater accuracy." I can ' t  speak for  the astronomers of the 
world, but I do know that  a similar statement could be made of needs for increased 

3 timing accuracy with DoD C I systems. Moreover, I don't  expect i t  to  take 
twenty years before we see extremely stringent timing demands becoming an 
integral part  of the specification for  a l l  of our evolving command and control 
sys terns. 



Today the state-of-the-art in the timing world will support, and conse- 
quently we have t o  be sa t i s f ied  with, atomic frequency standards which provide 

precisions of a few parts in 10" and support time synchronization to  100 
nanoseceonds, t h i s  only on a local level.  Emerging C' systems will require 
rugged frequency standards with much greater long-term s t ab i l i t y  and with 
g1 obal time synchronization to  100 nanoseconds. NAVSTAR GPS ho1 d real promise 
fo r  global time synchronization to  the 100 nanosecond level.  In f ac t ,  proto- 
type receivers have been checked o u t  that  provide time transfers on the order 
of 30 nanoseconds. 

A study of future timing requirements across the US government has recently 
been completed. This study confirmed that  timing accuracy requirements are ,  
i n  f ac t ,  expected t o  become even more severe. Generally speaking, the most 
stringent requirements would appear to  be associated with research and cal i - 
bration f a c i l i t i e s .  This i s  probably a fortunate happenstance since these 
ac t iv i t i e s  a re  generally fixed instal la t ions where controlled, s table  environ- 
ments for  the timing standards can normally be made available. I t  was inter-  
esting t o  note tha t  on the unclassified requirements in th i s  category, NASA's  
were generally the most stringent for a variety of programs such as Space 
Tracking, Geodesy and other investigative projects , 

However, there i s  a wide range of emerging systems t o  be fielded that  will 
impose requirements nearly as stringent as those imposed on the calibration 
or  laboratory instruments. Already on the drawing boards and, in some cases, 
nearing actual deployment t o  the f ie ld  i s  a wide range of communications' 
systems and data l inks tha t  rely on timing for security,  integri ty ,  and jam 
res is tan t  digi ta l  transmission of a large volume of data. 

On the positive side i s  the fac t  that  the emerging operational requirements 
and the nature of the  timing problems are converging to a common ground. This 
i s  driven primarily by the sophisticated communications systems and position 
location equipment which will be widely dispersed in tact ical  deployments. 
For example, the Army i s  developing the Single Channel Objective Tactical 
Terminal (SCOTT). This system will require time of day with + 20 microseconds 
and could conceivably necessitate the fielding of several hunared atomic -- 
cesium or  rubidium -- clocks. Other planned Army systems such as the Single 
Channel Ground Air Radio System (SINCGARS) could also add cesium or rubidium 
clocks to  the operational forces. Such additional programs as Have Quick, 
JTIDS, PLRS, TRI-TAC, and the Combat Identification System will a l l  carry 
with them stringent requirements for accurate time synchronization in order 
to function effectively in the i r  planned environments. 

3 As these and other planned C I systems move from the drawing board into the 
operational inventory, the complexion of the DoD's timing program will clearly 
change from tha t  of a Laboratory, fixed instal la t ion problem to the problem 
of supporting deployed operational forces. As the complexion o f  the program 
switches from the  relat ively benign controlled laboratory environment, a whole 
new se t  of design and performance c r i t e r i a  must come into play. 



Considerat ion must be afforded such add i t i ona l  c r i t e r i a  as size, weight, 
accel e r a t i  on s e n s i t i v i t y ,  temperature range, warm-up time, and power con- 
sumption. The t i m i n g  sources must be re1 i a b l  e under f i e l d  opera t i on i  ng 
cond i t ions  and supportable when deployed. Most impor tant ly ,  our t i m i n g  
sources must be af fordable.  We are  tak ing  measures t o  encourage t h e  serv ices 
t o  standardize on a fami ly  of common t im ing  components, so t h a t  costs of both 
product ion and l o g i s t i c s  w i l l  be reduced. 

The need i s  there. E lec t ron ic  systems o f  a l l  kinds, nav iga t ion  systems, 
communications systems, weapons systems, radar systems, m i  s s i  1 e systems, 
computers, and many o thers  are  going t o  be inc reas ing ly  dependent upon pre- 
c i s e  time. I f  our weapons systems of t h e  fu ture  are going t o  be ab le  t o  do 
t h e i r  job, e i t h e r  s i n g l y  o r  c o l l e c t i v e l y ,  a p rec i s ion  t i m i n g  system i s  of t h e  
essence. Both the  t im ing  system and the  host  systems themselves w i l l  need t o  
be a f fo rdab le ,  economic i n  operat ion, and capable of worldwide use, Th is  
chal lenge i s  the re  f o r  a l l  o f  us, then. I t  w i l l  take i n d i v i d u a l  exper t i se  i n  
our  respect ive  areas and a c lose  harmonization o f  our e f f o r t s  t o  assure meet- 

i n g  t h i s  chal lenge and deploying the e f f e c t i v e  and a f fo rdab le  C ~ I  systems t h a t  
w i l l  be needed t o  support our  combat forces on any f u t u r e  b a t t l e f i e l d .  



PLANNERS PANEL 

Panel Member: Dr. Harris A. Stover, Defense Communication Agency 

A worldwide switched digi ta l  communications system has never existed, b u t  
in the future the Defense Communications System (DCS) i s  expected to  be such a 
system. This will r e su l t  in timing problems not faced before. 

A t  the present time, the DCS i s  an analog system that  uses considerable 
d ig i ta l  transmission. The signals are returned to  analog form a t  switches, 
and they can be retimed during analog to  digi ta l  conversion. Also, a t  the 
present time, those signals which must pass through the system in digi ta l  form 
are  usually applied t o  modems for  transmission over these analog channels. 
there a re  many advantages to  rep1 aci ng these analog channel s with di gi ta l  
channels so tha t  a l l  signals will be carried in digi ta l  form throughout the 
network. When t h i s  i s  done, the opportunity for  retiming during analog to  
d ig i ta l  conversion a t  switches will be gone, time division mu1 tiplexing will 
be more extensively used, and digi ta l  switching will employ time s l o t  
interchange. Digital channels from many origins will have the i r  b i t  streams 
interleaved in a pattern tha t  changes as the connections through the network 
change. In such a d ig i ta l  network i t  i s  very important that  a b i t  originating 
anywhere in the world be available a t  the instant when i t  i s  needed a t  every 
comnunications node through which i t  passes. Note that  t h i s  i s  a phase (or 
time) control problem and not just  a frequency control problem. 

There a re  many methods by which the required phase coordinations can be 
provided. However, most of them will not sa t i s fy  the requirements of a 
wartime defense comuni cations system. A1 1 of the different  methods employ 
buffers fo r  the temporary storage of b i t s  t o  accommodate variations in signal 
propagation time and small clock errors .  When the phase errors exceed the 
capacity of the storage buffers, a s l i p  occurs. This i s  a timing event that  
will disturb the normal flow of t r a f f i c .  In c iv i l ian  digi ta l  voice systems 
s l i p s  are  normally made exactly one frame a t  a time. In these systems, by 
doing i t  t h i s  way, the resu l t  i s  e i ther  the deleting or repeating in each 
channel of jus t  one of the 8000 Pulse-Code Modulation (PCM) voice samples that  
occur every second. This i s  a minor disturbance. When other types of voice 
coding are  employed, which do not use PCM samples, the e f fec t  can be much more 
severe, and i t  can also be more important for  some types of data transmission. 
Furthermore, when encryption i s  used, i t  i s n ' t  so simple t o  s l i p  exactly one 
frame a t  a time. This becomes particularly important i f  both l ink encryption 
and end-to-end encryption are  employed. In a switched digi ta l  mi 1 i tary com- 
munications system, where a1 1 channel s are digi ta l  , a timing s l  ip  might commonly 
cause the interruption of t r a f f i c  while several pieces of equipment are sequen- 
t i a l l y  resynchronized. Therefore, timing s l ip s  are much more serious in a 
mili tary application than in a c ivi l ian application. 

The major difference between mili tary and civi l ian applications comes from 
the requirement for  mili tary communications to  survive in a wartime environ- 
ment, even in the face of a concerted enemy ef for t  to destroy them, The surviv- 
a b i l i t y  of nearly s l ip-free communications in a switched digi ta l  communications 
system i s  dependent on the survivabili ty of accurate system timing. Accurate 



timing can also be an aid to reestablishing communications that have been lost. 
At present we employ precise clocks at major terminals of the Defense Satel- 
1 i t e  Communications System (DSCS) to aid the rapid synchronization of spread 
spectrum receivers i n  the presence of jammfng . 

Because of the importance of survivable system timing to a worldwide 
switched digital military communications system, at this meeting in 1979, I 
presented a set of "attributes for timing in a digital DCS" and explained the 
importance of each attribute. Those attributes were later published by the 
Defense Communications Engineering Center in Engineering Pub1 ication 1-80. 
Our studies have shown that the technology to provide these attributes 
exists. No breakthroughs are required, and the cost is not much greater than 
for any of the other approaches considered. 

These desired attributes can be 1 isted briefly as: (1) reference to 
Coordinated Universal Time (UTC) whenever such a reference is avai l able, (2) 
specification of tolerances in time or continuous phase, (3) freedom from 
dependency on any particular faci l i ty, (4) sel f-organization, (5) avail abil i ty 
of timing so long as any communications link to a node survives, (6) ability 
of nodes to rapidly reenter the network, (7) timing disturbances not 
propagated through the network, (8) avoidance of traffic interruption to reset 
buffers, (9) capable of most effective use of a free-running mode, (10) 
systematic sel f-moni tori ng, and (1 1 ) open options to apply new techno1 ogy as 
it develops. 

These attributes can be interpreted as saying that our network must be 
self-sufficient in its timing capability. Each major node must have its own 
clock together with those a1 ternates required for re1 iabi 1 i ty. These clocks 
should be coordinated with a timing reference distributed through the 
communications network. The master clock for the network and paths by which 
timing is distributed must be automatically selected. Even this selection 
process must be distributed throughout the network so that every node can 
automatically make its own decisions with no centralized decisions made 
anywhere in the timing system. Then any facilities can be lost, and the 
network can undergo massive destruction, but both the selection process and 
the rest of the timing system will still work properly. If the network 
becomes fragmented, each fragment wi 1 1  automatically select its own master and 
the paths for timing distribution. That master will be referenced to UTC when 
such a reference is available. This has the advantage of permitting any node 
to use an optional UTC timing reference from a navigation system if it is 
avai 1 able. Referenceing to UTC could sometimes be he1 pful in restoring 
operation between fragmented portions of the network. 

Since any major node in the network is capable of serving as master for 
the entire network or any fragment of it, the system does not require UTC in 
order to operate properly. By maintaining timing system accuracy and 
preventing timing disturbances from propagating through the network, both of 
which are practical, a high degree of timing stability can be maintained. 
This could be very useful in a free-running mode to help a node reenter the 
network after temporarily being separated from it, particularly if spread 
spectrum signals must be acquired in a jamming environment. 



All of these things put together will provide synchronized clocks at each 
major node i n  the network for so long as any communications link to the node 
is operational and for a considerable period of time following the loss of the 
last link to the node. 

It might seem that providing all of these things would be very complicated. 
It is not! Most o f  the algorithms employed are very simp1 e, once they are 
understood. However, a microprocessor is required at each node to carry out 
the algorithms and provide the needed automation. It would not be possible for 
the system operators to do this. 

In present civilian practice, the lowest level of digital voice multi- 
pl exing, which carries 24 voice channel s, provides 8000 synchronization bits 
every second. Once synchronization bits are available, the addition o f  a few 
hundred bits per second on each transmission link will make possible the net- 
work timing capability that I have just discussed. Since a system with stable 
timing capability needs but a small fraction of the 8000 bits per second for 
1 ink synchronization, some o f  those unneeded synchronization bits could be 
used for the other system timing bits. A1 ternatively the other timing bits 
could use a portion of a service channel. 

The most complex a1 gori thm under considerati on for communications system 
timing is one related to predicting clock errors and removing those predicted 
clock errors when it is necessary for a clock to free-run following a period 
of normal operation during which cal i bration procedures are appl ied. Suc- 
cessful application of this algorithm could permit the use of lower cost 
clocks at some locations, or improvement in operation during a free-running 
period, or both. Studies for use o f  this last algorithm and the integration 
of it with other algorithms are still to be completed, Whether this last 
algorithm is implemented or not, it is practical to use the other a1 gorithms 
to provide a very survivable, accurate, timing capability for nearly slip-free 
operation o f  a worldwide switched digital defense communications system. 
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Panel Member: D r .  Thomas Gob1 i ck, L inco ln  Laboratories 

I have a few remarks I ' d  1 i ke t o  make from the system designer's po in t  o f  
view, and have some view graphs. I ' d  s t i l l  l i k e  t o  use them i f  I can se t  up 
the machine. 

From my pos i t i on  i n  viewing a number o f  la rge scale systems w i t h  many 
hundreds and thousands o f  users i n  the t a c t i c a l  environment, these are some 
of the key appl icat ions o f  precise t iming and t iming measurement. We know 
what the c lass ica l  pos i t i on  l oca t i on  problems, two-way ranging radars, but  
cu r ren t l y  we see more of the t rend t o  one-way ranging. Der iv ing the pos i t i on  
o f  users i n  a communication system where the users are t i g h t l y  synchronized, 
passive mu l t i - l a t e ra t i on  systems are of great  i n t e r e s t  where t ime d i f ferences 
o f  a r r i v a l  measurements a t  remotely located po in ts  are important t o  b i s t a t i c  
radar. Synchronization o f  communication systems i s  a1 so a very important 
aspect. The time t o  enter  a community of communications users depends on how 
f a r  off the new users c lock i s ,  s ignal  acqu is i t i on  time and t h a t  a lso i s  d i -  
r e c t l y  re la ted  t o  the amount o f  processing t ha t  must be done t o  acquire a 
s ignal  i n  the ne t  and t h a t  depends on the time o f  uncerta int ies.  Time d i v i -  
s ion mu1 t i p l e  access systems d i v i de  the time 1 i ne  prec ise ly  and the more pre- 
c i s e l y  i t  can be d iv ided wi thout  guard i n te r va l s  the more capacity one might 
be ab le  t o  get. I n  a l l  these intercommunication systems r e l a t e  t o  j u s t  how 
much overhead the comnunication system must provide, must ca r ry  ou t  i n  order 
t o  maintain time synchronization t o  get  users i n  the system and t o  keep t h e i r  
processors from being over1 oaded. 

The t i g h t e r  the t ime synchronization the simpler the system can be, and 
the less transmission can occur o r  need occur j u s t  f o r  the purposes o f  syn- 
chronizat ion and t h i s  leads t o  t i g h t e r  transmission cont ro l  and t h i s  i s  a very 
important f ac to r  i n  a t a c t i c a l  environment. 

The l a s t  i tem I have i s  secur i ty .  We t a l k  o f  encrypting messages and we 
must i n s i s t  t h a t  i t  i s  func t ion  o f  t ime as the pos i t i on  doesn't change f o r  a 
very long time, conceivably an enemy could in te rcep t  one of the transmissions 
and use i t  f o r  h i s  purposes. 

And so, f o r  an ac t i ve  exp lo i t a t i on  type of mode. Let me discuss, a l i t t l e  
b i t  here, the one-way ranging problem which i s  more s t r ingen t  than the two-way. 
I have p lo t t ed  here the f r ac t i ona l  t iming e r ro r  required as a funct ion o f  the 
synchronization i n te r va l ,  o f  the users' c lock and the upper r i g h t  curve one- 
way ranging t o  an accuracy o f  10 microseconds. This i s  the curve I ' d  l i k e  t o  
t a l k  about. 

This curve i s  a trade-off curve, i n  my view, for  a one-way ranging system 
which would provide an accuracy o f  10 microseconds. My approach would be t o  
take the approach t h a t  JATIDS ( Jo in t  Tact ica l  Information D i s t r i bu t i on  System) 
took and design a system arch i tec tu re  around a set  of protocols t h a t  pass t ime 
around constant ly w i t h i n  the system. 



So t h a t  a user can en te r  t he  system w i t h  a  poo r l y  synchronized c lock  
and even tua l l y  synchronize t h a t  c lock  and then be a f u l l  p a r t i c i p a t i n g  user 
and if h i s  c lock  i s  a  very  good one, he i n  t u r n  may have t ime accuracy event- 
u a l l y  good enough t o  pass on t o  someone e lse.  

The synchronizat ion i n t e r v a l  i n  a system l i k e  JATIDS i s  a f r a c t i o n  o f  a  
second. And fo r  t h i s  l e v e l  o r  even the  one microsecond l e v e l  of one-way 
ranging accuracy you see the  c lock  demands f o r  t h a t  k i n d  of JATIDS te rmina l  
a re  p r e t t y  min iscule.  But t he  system has pa id  i n  terms of complexity and i n  
t e r n s  o f  e x t r a  t ime t o  do the  processing and i n  terms of the  use o f  the  sys- 
tem, how much t ransmiss ion takes place. 

On t h e  o the r  hand one could take the o ther  approach t h a t  one had a  
r e a l l y  s t a b l e  c lock.  One wanted t o  s i m p l i f y  the  system, one could say, I ' d  
l i k e  t o  synchronize the  c lock  a t  the beginning o f  a  miss ion and then no t  have 
t o  worry about t he  c lock  from then on. 

That would say, t h a t  a  several hour miss ion would lengthen the  synchroni-  
4 r a t i o n  i n t e r v a l  t o  something l i k e  10 seconds. And now the  c lock  requ i re -  

ments ge t  t o  be considerably more. So, i f  i n  a t a c t i c a l  environment t h a t  
s o r t  o f  a  c lock  i s  ava i lab le ,  the  system can be s imp l i f i ed .  The mu1 ti- 
l a t e r a t i o n  systems a r e  more demanding because of the  geometric d i l u t i o n  of 
p r e c i s i o n  i n  l o c a t i n g  users and t h e i r  requirements are  such t h a t  they have 
no p o s s i b i l i t y  o f  doing very  accurate l o c a t i o n  of t a r g e t s  w i thou t  cons tan t l y  
resynchroniz ing t h e  c lock  du r ing  the course o f  the  mission. 

And system designers take t h i s  i n t o  account, as I i l l u s t r a t e d  i n  the  
JATIDS case the re  i s  a  t rade-of f .  One can t rade system complexi ty  f a r  the  
c lock  q u a l i t y  o r  one can t r y  t o  b u i l d  a good c lock  i n t o  the  system t o  sim- 
p l i f y  t he  design. 

I ' d  l i k e  t o  t a l k  a l i t t l e  b i t  about I d e n t i f i c a t i o n  Fr iend o r  Foe ( I F F ) ,  
I F F  i s  t h e  system i n  which an encrypted i n t e r r o g a t i o n  i s  sent t o  a t a r g e t  
which then i f  i t s  a  f r i e n d l y  t a r g e t  can send an encrypted r e p l y  back. It i s  
essen t i a l  l y  an e l e c t r o n i c  password system. 

These a re  some o f  t he  uses o f  I F F  equipment ranging from an a i rborne 
su rve i l l ance  system which i s  very  important  on a very l a r g e  p l a t f o r m  t o  a 
soph is t i ca ted  but a very  densely packed f i g h t e r  a i r c r a f t  which provides a 
p a r t i c u l a r  type o f  phys ica l  environment, t o  a roaming l and  veh ic les  t o  pro-  
v ide  a i r  defense support, t o  some o ther  very soph is t i ca ted  radars and m i s s i l e  
systems and even man po r tab le  systems. Now, the  k i n d  o f  c lock  one would p u t  on 
an AWACS a i r c r a f t  i s  very d i f f e r e n t  from the  k i n d  o f  c l ock  we would p u t  on t h i s  
ground veh ic le  o r  on t h a t  man po r tab le  u n i t .  

I ' d  l i k e  t o  j u s t  i l l u s t r a t e  t h a t  l a t t e r  case, a l i t t l e  b i t  more c l e a r l y .  
This  i s  a photo o f  the  s t i n g e r  weapons system w i t h  I F F  i n t e r r o g a t o r .  Now the  
a i r p l a n e  i s  a cartoon, b u t  t h i s  s o l d i e r  person, I 'm n o t  sure o f  the  gender, 
has t h e  weapon i n  t h e  tube on h i s  o r  her shoulder aiming through the v i sua l  



s i g h t  here, the op t i ca l  s ight ,  and these elements are two Y A G I  elements o f  the 
I F F  in ter rogator ,  they are the antenna, The I F F  e lec t ron ics  are i n  t h i s  box 
and v i a  t h i s  cable, connect i n t o  the handgrip, which has the con t ro l  switches. 

The I F F  system i s  a f a i r l y  potent weapon system and an IFF system tha t  
maintains t ime synchronization so t h a t  encryption can be changed as a function 
o f  t ime very qu ick ly  must contain t h i s  k ind o f  const ra in t .  Where t h i s  so ld i e r  
can ' t  have very much o f  a fancy clock. He must power i t  by ba t te ry  a lso car-  
r i e d  by the same person. I t  cannot be resynchronized by a time d i s t r i b u t i o n  
system using sate1 1 i tes o r  some other sophist icated network; probably has t o  
go a t  l e a s t  24 hours wi thout  resynchronization. 

I f  t h i s  terminal needs one mi l l i second accuracy through the course o f  the 
day t ha t ' s  a f a i r l y  demanding requirement t ha t  the clock occupy a small pa r t  
of the e lec t ron ic  box and be powered by ba t te r ies  a l l  o f  t h a t  time, even i f  
the r e s t  o f  the e lec t ron ics  are shut o f f .  

That could wel l  be the d r i v i n g  c lock requirement i n  an IFF system, not  
the AWACS requirement o r  the f i gh te r  plane requirement. So, c lock s t a b i l i t y  i s  
one aspect i n  t a c t i c a l  systems, but  there are others. 

I j u s t  want t o  emphasize that ,  precise tlming, of rubidium and cesium 
clocks they are f i ne  and they are needed i n  a system, perhaps, i n  the time 
d i s t r i b u t i o n  system but  they don ' t  make a large difference t o  t h i s  p a r t i c u l a r  
weapons system. 

This weapons system has t a  get by another way. In f a c t  the I F F  system 
may have t o  be designed t o  provide him updates v i a  the rad io  1 inks. 

So, i n  summary, I I d  1 i ke t o  readdress the question o f  why don ' t  we hear 
system designers screaming for  many orders of magnitude improvement i n  clocks? 
I n  the t a c t i c a l  business, system designers l i k e  t h e i r  jobs. They l i k e  t o  be 
employed. And, therefore, they ' re  going t o  design systems around the k ind o f  
hardware they can get  t h e i r  hands on. And, they ' re  not  going t o  design a sys- 
tem w i t h  30,000 terminals, and design i t around unproven clock technology. So, 
you don' t  hear t h a t  k ind o f  push on clocks t h a t  have t o  be resynchronized as 
often as you should. 

There are other aspects too and I ' d  1 i ke t o  po in t  them out today. There's 
another answer, answer B, and t h i s  i s  t h a t  you see good systemis designers can 
make do w i t h  what's avai lable.  

I n  terms o f  meeting the environmental spec as wel l  as meeting the s tab i -  
1 i t y  and performance spec. They w i l l  design the system t o  operate w i t h  ex i s t i ng  
clocks and keep the t iming accuracy t o  the leve l  required by prov is ion w i t h i n  
the system o f  passing time around and resynchronizing clocks. I n  the case o f  
JATIDS, a great  deal o f  the a rch i tec tu re  i s  l a i d  out  t o  do j u s t  t h i s  function. 
Then as we get  a 1 i t t 1  e b i t  smarter, there i s  another 1 eve1 o f  answers where 
you f i n d  r e a l l y  good systems designers w i l l  make prov is ion for  improvement i n  
clocks such t h a t  when a c lock t ha t  i s  an order of magnitude o r  two be t te r  
comes along, a module can be replaced, I f  the system was proper ly designed 



t h e  overhead t h a t  was p a i d  i n  the  beginning operat ion o f  the  system t o  use a 
poorer clock, can be taken advantage o f  by dropping the  overhead o f  synchro- 
n i z i n g  and ga in ing  some o ther  asset f o r  the  system, such as perhaps increased 
capac i ty  o r  increased performance, I c a n ' t  p o i n t  t o  any r e a l  systems l i k e  
th i s ,  so maybe we r e a l l y  d o n ' t  have any r e a l l y  good systems designers. 

But, I must say tha t ,  very seldom i s  the  quest ion asked t h a t  t he  system 
has t o  be designed t h a t  way. As a pos tsc r ip t ,  I would l i k e  t o  add tha t ,  o f  
course, i n  order  o f  magnitude o r  two i s  always appreciated; t h a t  the  t a c t i c a l  
environment a l so  has o ther  s p e c i f i c a t i o n s  t h a t  are d i f f i c u l t  t o  meet and as I 
poin ted o u t  i n  the  St inger  app l i ca t i on .  

I guess t h a t ' s  about a l l  the remarks t h a t  I have. We can g e t  i n t o  ques- 
t i o n s  on what I have s a i d  l a t e r  on. 



PLANNERS PANEL 

Panel Member: D r .  Michael Garvey, Frequency and Time Systems, Inc .  

I ' d  1 i ke t o  make some comments t h i s  morning from the indus t ry  p o i n t  o f  
view. I haven't  coordinated w i t h  my col legues i n  indust ry ,  so what I ' m  saying 
might  prompt some discussion from them. 

I ' m  t r y i n g  t o  draw obvious conclusions. I would l i k e  t o  address the  
top i cs  o f  technology advances which we see; which we might  p red ic t .  Mecha- 
nisms f o r  accomplishing t h i s  and d i f f e r e n t  forms t h a t  the  advancement may take. 

I ' d  a l so  l i k e  t o  address some issues, which I t h i n k  have been pointed o u t  
i n  previous discussions even t h i s  morning o f  the  i n d u s t r i a l  imp1 ementation o f  
c locks and c lock  systems, i n  a t i m e l y  and a f fo rdab le  way. 

I t h i n k  t o  l ook  i n t o  the  f u t u r e  i s  a dangerous task t o  do tha t ,  one needs 
a c r y s t a l  b a l l  which might be looked a t  w i t h  the  same s o r t  o f  task i n  mind o f  
i n t roduc ing  a new c r y s t a l  cut .  

I n  t h i s  case, i t  might  be a spher ical  resonator. But t o  t ry  and make 
some pred ica t ions  anyway, I t h i n k  t h a t  i t ' s  safe t o  say t h a t  progress i s  the  
r e s u l t  o f  hard work, i t  i s  based on e x i s t i n g  technologies and experience. 

I t ' s  based on t h e  app l i ca t i ons  o f  new technologies f o r  the  most p a r t  
e x i s t i n g  concepts and systems. I t h i n k  i f  we look  a t  new ideas i n  t ime and 
frequency, one might  advance t h a t  there  i s  no th ing  t r u l y  ea r th  shaking ready 
t o  appear on the  marketplace. 

I t h i n k  there  a re  some very i n t e r e s t i n g  ideas i n  the  l abo ra to ry  a t  t he  
moment and examples there  might  be the  i o n  storage work a t  NBS, some o p t i c a l  
pumping work which I t h i n k  has very i n t e r e s t i n g  p o t e n t i a l  t o  enhance no t  on l y  
r e l i a b i l i t y  bu t  performance o f  frequency standards. 

I t h i n k  some o f  t he  concepts o f  cryogenic and passive c r y s t a l  resonators 
t h a t  have been explored i n  the  l abo ra to ry  a1 so of fer  some promise. 

However, these are I th ink ,  s t i l l  i n  the  l abo ra to ry  stage and t h a t ' s  the  
way every th ing  s t a r t s  a f t e r  a l l .  If we look a t  the  technology of cesium, we 
have come 30 years t o  ob ta in  t h e  cu r ren t  s ta tus  o f  being able t o  launch a 
cesium standard on a s a t e l l i t e  i f  you l i k e .  

To ask how technology proceeds, I t h i n k  t h a t  there  are  th ree ways t h a t  
technology may go forward. Technology may go as i t  i s  pushed. By t h a t  I mean 
t h a t  technology may be pushed t o  e x p l o i t  some new issue i n  the  marketplace and 
take advantage o f  some new need o r  some new system requirement. 

It may a l so  be pushed by the  market and I t h i n k  t h i s  i s  p a r t i c u l a r l y  ger- 
maine t o  the  audience i n  d iscussion o f  t h i s  conference because i t ' s ,  I th ink ,  
unique t o  m i l i t a r y  system and DoD procurement a c t i v i t i e s  where the marketplace 
pushes the  technology in a p a r t i c u l a r  d i r e c t i o n .  



There i s ,  o f  course, t he  requirement i n  t h a t  respect  f o r  smal ler,  l i g h t e r ,  
more rugged devices. I t h i n k  the  example o f  the  S t i nge r  System was a very 

You can env i s ion  t h a t  t h i s  system has t o  run  r a i n ,  shine, n i g h t ,  day, 
snow, heat, e tc .  I n  these t a c t i c a l  app l i ca t i ons  I t h i n k  a r e  probably very 
s i g n i f i c a n t  techno log ica l  c h a l l  enges f o r  the c lock  designer. 

On t he  o the r  hand, from s o r t  o f  the  o ther  s ide  o f  t he  coin,  as techno- 
l o g y  makes advance when we look  fo r  enhanced performance and p r i m a r i l y  there  
a r e  non- tac t ica l  app l ica t ions .  

A few comments t o  say about t h a t  l a t e r .  I t h i n k  t i e  i n  a very  i n t e r e s t -  
i n g  way the  system design concepts, which were discussed i n  the  l a s t  view 
graph. 

The second way t h a t  I t h i n k  t h a t  the  technology can be pushed forward, i s  
t h a t  t he re  are  obvious advances i n  technology i n  o the r  realms o f  e lec t ron i cs ,  
o f  physics, o f  op t i cs ,  o f  communications, i f  you l i k e  which can be very con- 
v e n i e n t l y  app l i ed  and i n  an a v a i l a b l e  basis.  

These a r e  l o g i c a l ,  they occur because o f  t h e i r  l o g i c .  They are s e l f -  
j u s t i f y i n g ,  u s u a l l y  enhancing cost, performance, s ize,  weight, e tc .  Examples 
t h e r e  m igh t  be the  i n teg ra ted  c i r c u i t ,  hybrids, more recen t l y ,  microprocessors, 
which a re  becoming so prevalent ,  easy t o  use and cos t  e f f e c t i v e .  

The t h i r d  area where technology may be advanced are  techno log ica l  changes 
which a r e  focused p r i m a r i l y  a t  increase i n  performance. Some examples the re  
might  be t h e  BVA resonator,  BVA o s c i l l a t o r  concept which has been explored. 
Op t i ca l  pumping and beam devices and a few o f  t he  o ther  l abo ra to ry  app l i ca t i ons  
which I discussed e a r l i e r .  I t h i n k  a l l  o f  these techniques are  appropr ia te  a t  
times, sometimes the  techniques go astray.  

I t h i n k  i t ' s  worthwhi le  t o  now i n t e r l a c e  t h i s  idea a b i t  w i t h  procurement 
aspects because I t h i n k  t h a t ' s  a very c r u c i a l  i n t e r f a c e  between the  system 
designer who conf igures the  system, who creates a concept around which the  sys- 
tem w i l l  evolve and, u l t i m a t e l y ,  i t s  r e a l i z a t i o n  i n  the  i n d u s t r y  from the  
people who a re  going t o  have t o  create,  bu i l d ,  t e s t  and main ta in  the  hardware, 

One should be always beware of the  repackaging i n  the  guise o f  technology 
improvement. I t h i n k  t h i s  i s  a f a l l a c y  which i s  perhaps o n l y  r e a l i z e d  w i t h  
d i f f i c u l t y  t h a t  merely changing dimensions o f  an ob jec t  may necess i ta te  com- 
p l e t e  redesign o f  t h e  inst rument .  

I would imp lore  the  system designers t o  r e a l i z e  t h a t  c locks  themselves 
a r e  systems, t h a t  few systems are  created w i thou t  l ea rn ing  curves and I t h i n k  
t h e  l e a r n i n g  curve f o r  many of the c locks  we have today has been a long one. 



I th ink  i t ' s  a very s o l i d  one and based upon a l o t  o f  experience we 
shouldn' t  neglect  the opportuni ty t o  e x p l o i t  that .  P a r t i c u l a r l y  when t o t a l  
system performance depends i n t ima te l y  on clock performance. It i s  c ruc i a l  
t h a t  the system designers be sens i t i ve  t o  the rea l  i z a t i o n  t ha t  use o f  proven 
c lock designers w i l l  r e s u l t  i n  a system w i t h  a basis on which good per for -  
mance can resu l t .  System designers would i d e a l l y  make e f f o r t s  t o  accommodate 
the system t o  the complexity o f  the frequency standards and I th ink  t o  support 
the l a s t  view graph t o  an t i c i pa te  improvements which w i l l  occur i n  clock sys- 
tems and t o  a l low these improvements t o  be employed w i t h i n  the system. To 
focus a b i t  on f inanc ia l  aspects of t h i s ,  as I 'm sure everyone rea l  i res ,  any 
coherent program probably has a l i f e  span o f  longer than a year, and I t h i nk  
funding programs o f t en  neglect  the r e a l i z a t i o n  t h a t  the planning and r e c r u i t -  
ment and assignment o f  key personnel t o  development pro jec ts  cannot proceed 
i n  t ime frames of less  than a year. It i s  very d is rup t i ve  t o  i ndus t r i a l ,  I 
th ink  i n  general, a c t i v i t i e s  t o  an t i c ipa te  t h a t  you can reassign key personnel 
t o  d i f f e r e n t  programs i n  time frames shorter  than a year. 

To focus a l i t t l e  b i t  on the t h i r d  type of technological change which I 
discussed before, t h a t  i s  technological change for enhancement o f  performance. 
I th ink  there 's  an increasing r e a l i z a t i o n  and implementation o f  the idea t h a t  
both government and indust ry  can work i n  a cooperative mode t o  accomplish t h i s  
s o r t  o f  an advancement. An example has been demonstrated numerous times w i t h  
the cooperative programs w i t h  the Bureau of Standards i n  the p a r a l l e l  e f f o r t  
o f  development o f  concept, demonstration of feasi b i  1 i t y  and a t rans fe r  o f  
technology from the laboratory  i n t o  the i n d u s t r i a l  marketplace. 

One, I th ink  very important aspect of t h i s ,  i s  t ha t  the e f f o r t s  must 
proceed i n  pa ra l l e l  not  necessar i ly  from the i n i t i a l  stage i n  both f i e l d s ,  
bu t  t o  say t h a t  a design can be presented i n  the i ndus t r i a l  marketplace as a 
stack o f  schematics and par ts  l i s t ,  I th ink  i s  naive. 

The i n d u s t r i a l  mode of operation has people who are keyed t o  par ts  ac- 
q u i s i t i o n  t o  tes t ing.  There i s  an ava i lab le  labor  force t o  buy, bu i ld ,  t o  
complete i n-process t es t i ng  . There are procedures avai 1 able t o  support these 
and the design has t o  be sens i t i ve  t o  these requirements. 

I t h i n k  the obvious advantage of these p a r a l l e l  ef for ts i s  t h a t  there i s  
an a1 l oca t i on  o f  t a l e n t  and resources where they ex is t .  Puts tasks where they 
be1 ong , Importantly, i t  provides a ra ther  quick mechani sm t o  produce s t a t i  s t i  - 
ca l  hardware. By t h a t  I mean, t h a t  i t ' s  very d i f f i c u l t  t o  t a l k  about a design 
u n t i l  you have b u i l t  10 o f  something o r  100 of something, depending on a l i t t l e  
b i t  upon i t s  complexity. 

So we face now the question o f  how, and who i n  order t o  approach t h i s  solu- 
t i o n  t o  technological advancement. I th ink  the answers t o  those questions are 
revolut ionary,  perhaps, a d i f f e ren t  approach may be taken, depending upon the 
task. 

I th ink  there 's a front-end need f o r  planning and funding fo r  the whole 
p ro j ec t  and not  j u s t  on the shor t  t ime o r  t ime ava i lab le  basis. A committment 
o f  resources, of personnel planning would wind up and wind down a c t i v i t i e s ,  



These are  pa r t i cu l a r y  c ruc i a l  t o  us, as I mentioned i n  the app l i ca t ion  o f  key 
personnel. 

To address the issues o f  a f f o r d a b i l i t y ,  I th ink  the suggestion o f  stan- 
dard components i s  probably a good one. That 's  not  r e a l l y  however a task which 
I t h i n k  indus t ry  can undertake and impose upon the Do0 procurement a c t i v i t y .  
I t h f  nk indust ry  i s  very w i l l  i n g  t o  respond t o  t ha t  s o r t  o f  a design concept 
and i t  has, I think,  some very good advantages p a r t i c u l a r l y  w i t h  respect t o  
a f f o rdab i l  i ty .  

I t ' s  I t h i n k  no t  rea l i zed  by people who have not  had in t imate  contact w i t h  
how c o s t l y  and expensive i t  can be, merely t o  support the documentation t o  add 
a move a s ing le  connector. So some s e n s i t i v i t y  t o  these concepts, I th ink  i s  
important. 

I n  terns  o f  deployment a t  the systems leve l ,  I t h i nk  the i n t eg ra t i on  of 
proven and e x i s t i n g  c lock designs i s  a v a l i d  and defensib le design technique. 
I th ink  t h a t  the t ime and frequency reference needs t o  be in tegra ted i n t o  the 
system no t  necessar i ly  as given a t  the beginning, but  the advantages which can 
be accrued from such a technique, are I t h i nk  very c lear .  

Thank you. 



PLANNERS PANEL 

3 Panel Chairman: John C. C i t tad ino,  D i rec tor ,  Theater and T a c t i c a l  C , 
Off ice of Secretary of Defense 

We' l l  take a few minutes f o r  any questions, o r  perhaps before we take any 
questions, I might  ask if any o ther  panne l i s t  have any quest ions o r  cross t a l k  
they might  l i k e  t o  g e t  invo lved i n .  Okay, a re  there  any quest ions from the  
f l o o r ?  There's one way back there. 

QUESTION FROM THE AUDIENCE: I was under the  impression there  i s  a new d i r e c t i v e  
3 from DoD f o r  P I on a l l  new systems? 

3 MR. CITTADINO: I wouldn' t  say t h a t  P I i s  a requirement on a l l  systems. I t ' s  
c e r t a i n l y  i s  something t h a t  i s  being considered f o r  a l l  systems t h a t  come 
through t h e  development cyc le.  It i s  one of t he  a1 te rna te  approaches i n  the  
development o f  t h e  system. I t h i n k  perhaps I missed some o f  t he  beginning o f  
your  questions, so i f  I ' m  n o t  q u i t e  g e t t i n g  a t  t he  hear t  of it, please repeat  
it. 

3 But if t h e  quest ion i s ,  " I s  P I a requirement on t h e  development of a l l  systems 
w i t h i n  DoD?", i t  i s  n o t  a hard fas t  requirement. 

3 We1 1, P I i s  a management technique t h a t  each development a c t i v i t y  i s  being 
asked t o  consider  as t o  whether o r  n o t  i t  app l ies  t o  t h e  development o f  t h a t  
i n d i v i d u a l  system based on the  requirement t h a t  i s  coming along. 

And the re  a re  numerous f a c t o r s  t h a t  would come i n  t o  p lay.  For instance, 
numerous requirements can be s a t i s f i e d  w i t h  j u s t  off-the-she1 f type hardware. 

And when you've g o t  t h a t  type o f  s i t u a t i o n  and you f u l l y  can s a t i s f y  t h e  r e -  
quirement a t  a reasonable cost .  Then, i n  t h a t  p a r t i c u l a r  case, t h e r e ' s  no 

CI 

need t o  consider p J 1 .  But, when you've g o t  a s i t u a t i o n  where you have a need 
f o r  a p a r t i c u l a r  system, and i s  u t i l i z i n g  such technology where the re  i s  a 
r e c o g n i t i o n  t h a t  improvements would be coming down the  p i ke  as the  system 
evolves, then i t  makes sense t o  b u i l d  the  system i n  var ious increments. Get- 
t i n g  the  usable c a p a b i l i t y  as soon as poss ib le  and b u i l d i n g  the  system f o r  
growth o r  evo lu t i on  as t h e  case may be and I t h i n k  t h a t ' s  c e r t a i n l y  t h e  way 
I i n t e r p r e t  t h a t  pol  i cy .  I d o n ' t  know, others might  g i v e  you a d i f f e r e n t  
s tory .  

D R .  W I N K L E R :  W e  have a few more minutes. I t h i n k  t h a t  i f  we cont inue the 
I d iscussion f o r  10 more minutes, i t  may be use fu l .  I have found i n  each o f  

your  comments something which I f i n d  exceedingly important;  o f  course a f f o r d -  
a b i l i t y  one always looks  a t  t h e  t o t a l  system costs; meaning n o t  o n l y  acqui- 
s i t i o n ,  b u t  l o g i s t i c s ,  t r a i n i n g  required, l i f e  t ime and i n c i d e n t a l  opera t iona l  
costs, which i n  the  case o f  atomic c locks  can be much l a r g e r  than t h e  i n i t i a l  
a c q u i s i t i o n  cos t  o f  an atomic c lock.  



And i f  we t a l k  about improvements coming down the pike i n  industry, something 
s t ruck me and t h a t  i s ,  t h a t  i n  our present system we r e a l l y  do not  pay enough 
a t t en t i on  t o  the bu i l d i ng  o f  capable teams and maintaining these teams. Our 
s ta r t / s top  k ind of contractual operation i s  r e a l l y  a d isaster  when i t  comes 
t o  maintaining capab i l i t y  i n  h igh technology, As Mike Garvey mentioned, i t  i s  
no t  possib le t o  move these key people around more qu ick ly  than a t  most I would 
say once a year and even t h a t  i s  a d isaster .  

So t h a t  the question o f  new developments and what i s  r e a l l y  c r i t i c a l  today i s  
r e a l l y  exceedingly complex. Let  me mention another po in t  which occurred t o  me, 
when I l i s t ened  t o  Dr. Goblick's exce l lent  presentat ion o f  the three types of 
systems designers. I th ink  one has t o  d is t ingu ish  between t a c t i c a l  clocks, 
p a r t i c u l a r l y  c r ys ta l  clocks, which i s  one group by i t s e l f  and the atomic 
clocks. Because they have t h e i r  own ind iv idua l  and d i f f e r e n t  problems. For 
t a c t i c a l  clocks, i t  i s  r e a l l y  weight, power consumption and t h i s  k ind o f  th ing  
and costs, because usual ly  they are procurred i n  greatest numbers. When i t  
comes t o  atomic clocks exact ly  the opposite problem exists,  cost  here i s  less  
o f  a problem as compared t o  re1 i a b i l i t y .  And i t  appears t o  me despite every- 
t h i ng  t h a t  you hear about new technology t ha t  t ha t  i s  the major problem s t i l l ,  
because clocks operate somewhere i nbetween our d i  g i  t a l  equi prnent and other more 
mundane th ings as power supplies, bat ter ies ,  generators and so on. They contain 
a f t e r  a l l ,  atomic clocks contain a physics package. The physics package con- 
t a i ns  analog c i r c u i t s  s t i l l .  These are exceeding complex, i n  fac t  atomic 
clocks, I think, are those kinds o f  systems which should place the greatest 
requirements on subsystem performance. And f o r  t ha t  reason some systems such 
as power supplies, phase detectors and so on have t o  be custom designed. And 
then of course t h a t  br ings i n  immediately the r e l i a b i l i t y  problem, because you 
can never, when there i s  an order o f  10 o r  20 or  50 un i ts ,  go through the de- 
bugging and through a r e a l l y  h igh r e l i a b i l i t y  procurement. So there are qu i t e  
a few th ings which one, I think,  has t o  keep separate. 

~ A f t e r  a1 1 we are no t  going t o  t u rn  o f f  our present operations on one day, and 
s t a r t  the new ones the next day. I n  the meantime, we w i l l  have an agonizing 
t r a n s i t i o n  period. I n  fac t ,  I th ink,  we are i n  t ha t  t r a n s i t i o n  per iod r i g h t  
now. And i t  may preclude the adoption o f  a l l  these sound p r inc ip les  of which 
I have mentioned. I wonder i f  you have any thoughts o f  tha t?  

I 

I 

1 What are we going t o  do i n  the meantime? 

I 
I Where f i n a l l y  something struck me when I 1 istened t o  Stover's 12th commandment. 

The Good Lord had on ly  Ten. Well, I th ink  he said 11 p r inc ip les .  These 
p r i nc i p l es  are undoubtly exceedingly important, they have been d i  scussed be- 
fore.  We have heard them discussed here i n  previous meetings. As I see the 
systems being developed; they w i l l  not be implemented a l l  a t  once. I th ink,  
there i s  one requirement which has been l e f t  out, and t h i s  i s  the gradual 

DR. STOVER: As you said we are going t o  s t a r t  out  w i th  on ly  pa r t  o f  t he  t iming 
capabil i t y  t ha t  we need f o r  a d i g i t a l  system and progress toward adding the 
res t .  But, as you do t h a t  ( t h i s  i s  where the l a s t  a t t r i b u t e  comes i n ) ;  you 
have t o  look t o  the future and prepare the road s t a r t i n g  now, so t ha t  you can 

evolut ionary development o f  more compl i cated systems. 



provide a l l  of  t he  needed a t t r i b u t e s  when t h e  t ime comes -- when you have the  
a b i l i t y  t o  do it, and when the  need fo r  them i s  even more demanding. Obvi- 
ous ly  we cannot a f f o r d  t o  pu t  i t  a l l  i n  a t  one time. We c a n ' t  a f f o r d  t o  go 
o u t  the re  and completely rep lace an e x i s t i n g  communication system. 

DR. WINKLER: What I was aiming a t  was t h e  fac t ,  i n  a  moment, a  number o f  sys- 
tems come i n t o  use. I n  fact,  t h e  one which I mentioned, the  Army systems, 
which r i g h t  now, a re  procur ing  o r  t h i n k i n g  about procurement of l a r g e  numbers 
o f  atomic clocks, and how are  they going t o  be in te r faced  w i t h  e x i s t i n g  opera- 
t i ons .  These a re  d i g i t a l  systems. Can you say something about t h a t ?  

I DR. STOVER: Of course the  i n t e r f a c i n g  w i t h  e x i s t i n g  systems i s  where I p u t  t h e  

I 
emphasis on UTC, t o  cause every th ing  t o  come t o  a  common standard. That way, 
we can use t h e  Navigat ion Systems as a  reference temporar i l y .  I n  our  f i r s t  

i implementations we a re  now using and p lan  t o  make fu r the r  use o f  LORAN-C. 

I 
But LORAN-C i s  n o t  a  r e a l  surv ivab le  system. We need a  much b e t t e r  system f o r  
a  wartime d i g i t a l  communication system. 

DR. WINKLER: Well maybe, could you paraphrase t h a t  and say t h a t  a f f o r d a b i l i t y  
and a  smooth t r a n s i t i o n  per iod  w i l l  be assured i f  we l e a r n  t o  use a l l  o f  our  
resources, whether they are  i n  our  own b a l i l i w i c k  o r  a v a i l a b l e  someplace e lse.  
Such as, f o r  instance e l e c t r o n i c  nav igat ion  systems, t o  be used as t ime re fe r -  
ence by communications systems and others.  Of course, i n  coming back t o  your 
i n i t i a l  comments about t h e  astronomers, when we look  a t  managers o f  the  fu tu re ,  
there  i s  one t h i n g  q u i t e  ce r ta in .  We' l l  want t o  have more done, a t  l e s s  ex- 
pense. And when i t  come t o  m i l i t a r y  systems, w e ' l l  n o t  o n l y  want t o  have them 
n o t  on l y  l e s s  expensive and more r e l i a b l e ,  b u t  a l so  l e s s  vulnerable t o  jamming, 
t o  i n te r fe rence  o f  a l l  kinds, and t o  outages i n  c e r t a i n  areas. 

Th is  i s ,  I t h i n k  t h e  r e a l  reason behind t h e  push fo r  more c lock  use i n  e lec-  
t r o n i c  systems. The main benef i ts  which they g i ve  i s  t h a t  they make systems 
l e s s  vulnerable. They prov ide a  greater  access c a p a b i l i t y ,  a t  l e s s  s igna l - to -  
noise, i f  you narrow the  t ime window; fo r  instance, f o r  an a c q u i s i t i o n  o f  a 
PRN system. So t h i s  br ings  me back t o  a comment t h a t  one always w i l l  welcome 
greater  performance, because a we l l  designed system w i l l  be ab le  t o  u t i l i z e  
g rea te r  performance and o f f e r  payof fs  t h a t  I haven ' t  had too  of ten i n  my 
contacts w i t h  system designs, ye t .  I am very great fu l  t h a t  you have made t h a t  
po in t .  

MR. CITTADINO: I j u s t  l i k e  t o  e labora te  on one p o i n t  t h a t  D r .  Winkler  made, 
and t h a t  i s  w i t h  respect  t o  the  c o n t i n u i t y  o f  keeping teams together  and 
having t h e  c lock  techno log is t  -- I f i n d  t h a t  t he  system development a c t i v i -  
t i e s  these days, system designers who are  very pressured t o  meet mi lestones 
t o  design systems t o  prove t h a t  t he  system w i l l  work and the re  may be a1- 
te rna t i ves  t o  designing very soph is t ica ted systems but  i t  may take resources 
t h a t  would have t o  be a1 located t o  t h e  development o r  refinement of c lock  
designs. 

When t h a t  comes t o  the  systems designers'  desk, most o f  t he  t ime t h e  c lock  
development i s  re legated t o  a  few phone c a l l s  t o  f i n d  o u t  what i s  ava i l ab le  
and then they put  t h e  money on the  matched f i l t e r s ,  t ransmi t te rs ,  antennas 
and th ings  o f  t h a t  so r t .  



I have seen th i s ,  and although systems designers could do a l o t  w i t h  better 
clocks, there i s  a very weak linkage between those people designing systems in 
fu l l  -scale engineering development to  mi 1 estones that  they have agreed to ,  and 
the technology community in general . That' s too bad, because i t  seems the 
systems designers wind u p  making phone ca l l s  to companies and clock experts 
and I have to  do t h i s ,  too? I 'd  call  up Nick Yannoni regularly with these 
kinds of questions, and to  get a l i s t  of contacts. And similarly with the 
clock community. 

I have the same kind of feelers  coming to me saying, what kind of clock would 
you 1 ike in the future? B u t  i t  i s n ' t  promoted in some centralized way, the 
government funds the clock technology, the government funds the systems develop- 
ment. B u t ,  I guess t h a t ' s  disturbing to  me that  you don't  find systems de- 
signers screaming to  the clock community: "Immediately I need th i s  and I'm 
willing to  pay you for  i t ,  and I want you to develop i t  on th i s  time table." 

The bulk of tha t  kind of money and development sweat and ef for t  will go into 
the basic system. 

DR. WINKLER: Yes, and thank you, I ' d  l ike  t o  mention that  one of the nice 
features of the proceedings of th i s  conference i s  a l i s t  of a l l  participants 
and we hope t h a t  the main benefit of the conference wi 11 be to  enable you to 
establ ish these contacts. 

DR. KELLOGG: Is  there any payoff in the transit ion in looking a t  an ensemble 
of existing mechanisms versus the hope for  the future? 

DR. WINKLER: You're the system expert. 

MR. CITTADINO: I'm not sure I understand the question, could he say tha t  one 
again? 

DR. KELLOGG: If  one rubidium clock doesn't work very well, the possibi l i ty  of 
trading in an ensemble or a s l ight ly  higher r e l i a b i l i t y  of 10 versus the 
hydrogen maser which i s  s t i l l  breaking down in the laboratory. 

DR. WINKLER: This i s  a very pointed question of course, my answer would be a 
very defini te  "yes". There i s  a tradeoff, in fac t ,  that  i s  precisely t h e  
policy which we a t  the Naval Observatory have adopted since many, many years. 

Our time scale i s  based on the very large ensemble and the combined benefits 
of a very high r e l i a b i l i t y  provided the clocks are in individually separated 
locations, w i t h  the benefit o f  a superior long-time performance. 

I would say defini te ly,  "yes". The only qua1 ifying statement i s  that  of course 
you buy additional troubles also because you must have a system control ler ,  
you can not do i t  real ly  with just  3 or 4 in order to have any benefits. You 
would have to  look a t  6 or more of these clocks. 

Rubidiums may not real ly  be a simple thing because they have d r i f t  and i t  i s  
easier  to use groups of cesiums, in which I have a l i t t l e  b i t  more experience 
than groups o f  rubidiums. 
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