
PANEL DISCUSSION 

Gernot M. R. Wirzkler, Moderator 
U S. Nuval Observatory 

DR. WINKLER: 

And now, while we are preparing for the panel discussion, for which we will have this 
morning's speakers present, I would like t o  invite comments on  the last paper. 

DR. REUER: 

There is a disadvantage to using ccnticycles instead of microscconds. That  is, if you have a 
rapid onset ot 'a distrubance, you may get a cycle jump and, as  was pointed out,  you won't 
know it. And you think you don't care. The only trouble is when the distrubance slowly 
recedes and the previous level is reestablished, then you will introduce new cyclic advance 
o r  delay, and you won't know when it was caused previously. 

1 also think the notion that microseconds arc co~npletely arbitrary is very objectionable 
because the rrlicrosecond scale is just derived from the cycle scale by dividing phase by 
circular frequencies. So  it's not  arbitrary, and if yoix want to argue about that then 1 can 
give you an argument o n  that, loo, because you can define phasc propagation time, and in 
that case it's very useful t o  talk about microseconds. 

DR. WINKLER.  

I think the last point is also where 1 have strong feelings. 1 think for any combined use, 
which I envision for OMEGA stations, the measurement of propagation time in micro- 
seconds is better becausc it is frequency independent in the first approximation. But 1 
propose that unless there are very strong feelings now for  equal time on the other sidc, 
t o  go on to a differcnt subject. 

M R .  WARD: 

The arrival phasc ol‘ F-1 and F-2 is uniquc for all polnts on  a common great circle. But if 
you take the phasc difference between these two,  you now have media information because 
this is unique. And this changes only when thc rncdium, when the effective path length 
changes. So you therefore can tcll if you have cycle-slip inl'orrnation, and you'll also have 
propagation path information everything is right there by simply taking the phase 

difference of the arrival phase. And as long as, for instancc, the bcat is 250 cycles, well 
within a path e(~uiva1cnt to the wavelength, i t  is unique. 



Yes, 1 th ink as M r .  C'lli said. tlicrc ;rrr t w o  ways 01'~rsirlg t l ~ i s  kinti o f  systcm. Y o u  c i thcr  
havc t o  know propagatiolr, wl.~:~t t o  c*spc<.t iri rhc wiry ~.)I 'prop;igation qu i t c  wcll, and t o  bc 
ahlu t o  correct  f o r  il; o r  rlst, yorr lnust stal-t by  k ~ l v w i n g  tinic cluitc wcll. 

Now in thc case of o u r  d r m o ~ t i - t o  ill thc. b;jck o i '  lllc ;iilditoriulxl, we probably c o ~ ~ l d  
havc just  conic ill, sirice wc I~acl very,  \ , t ry  [rrccise tinic. and wc could sit a t  o u r  rcceiver sitc 
and takc da ta  anti tliis is ~ o ~ i i o t l l i n g  1 failed to rnention in tht. paper and then bascd o n  
this phase ii;it:t that  y o u  arc talking aho~11 .  wc co111d ~ l~anuf ' i i c t~ l r c  o u r  o w n  propagation cor- 
r ec t io~ l .  So yoit c o ~ ~ l d  p1;iy i t  r i t t ier  b.14': You c.oulti r l~akc  y o u r  own  correction :it the  sitc, 
if yo11 t13d go011 t ime t o  s t i ~ r t  witll: or, i t ' )  ( > \ I  ditln'r I ~ a v ?  gvoc.1 t ime,  t l i c~ i  y o u  would  nccd 
a gooti ~lurnbcr-  to  p l ~ t  in the rcurivt,r. 

I'm sorry  that  it has  n o t  bccn 170ssil~l~~ t ~ )  ti:~vr ;I 11~1p1'1- (.){I I.0KAN-C'. Howcvcr, t l ~ c r c  is a 
devcloplricnt wliiuh is c.luitc i i g r ~ i l ' i ~ ~ ~ n l .  wliie~11 I wo l~ l i l  likt-' yo11 t o  ~ J I O W  ; ~ t r o ~ ~ t .  

Wc liave lei1 tative appr-ov:~l i ' r c - ) ~ ~ ~  \i:lrious a:rcni.ii.s; tv  i3i.L I hc  LOKAN-11  chaiti, whic.11 is PI-cbs- 

crltly operating irl tllc wcstc.1-n IIrlitrci S ~ ; l t r b ,  o n  j>rvc.isc. t imc.  I I I C S C  s la t ions  21-c, ncar  Las 
Vcgas and 1ic1ic.1, in 1Jt;lli. anci t c r y  c.iohc to  L o i  A1l2clcs. I ~ h i r ~ k  tha t  t11r coveragc is 
excellent and thc  signal.; i.;lll hi: r:-.c,i>ivcd w ~ t l . ~  a ~ t ; i~ i t l ;~ r .d  t i ~ u i n g  rcccivcr. 

' Ihc  differcrluc b u t w c . ~ , ~ ~  L .0RAN-C '  at~cl I ( . )K / lN- I )  i i  ~ l~ ; i i l i l y  t h ~ t  L.0KAN-r), i l l  ort1r:r to 
corlipcnsate lor t11c lcsser powci- radi;rt.r>cl t r o l i ~  ;I sni~il lcr  and morc-rnobilc uritcniia, ~ l t i l izcs  
more pulses, the pulscs following onc-half r~i~l l i s t ,cund i l i t c~va l s  instead of- one-millisecond 
intervals, but thc one-tnillisccund intcrval pulscs i~ollow tllc same  phase coilc as I.,OKAN-C: 
s t a ~ l d a r d .  Alid tl- is 1 think will h? ; I  vc'rq' significant i~nprovcrncn t  in  o u r  capability t o  
disseminate tiinc in thc  wcstrl-11 1~;lf.t (:)t- t t l ~  [ i~ l i t l . d  S i i ~ t t . ~ .  

Indecd, I 11op~: that ~ h e s c  il:ii!ng trai~slniisions.  which , ~ t  tliis t imc wc l i i ~ ~ s t  ~ o n s i ~ l c r  
rxpcr imenta i  o r  tcst 1ransrnissions, ncvc.~-~hclc \ \ .  :all hc c o ~ ~ t i r i ~ ~ c ~ d  until :I liiorc permalicrlt 
LORAN-C a r rangemci~ t  can hct r1cvclopl.c; i r l  t t i , ~ !  L~rc.;r. 

Now,  gnirig back in to  the s ~ . ~ b j ~ . ~ , r  of' t l j u  il;::i::lwio~li. 1 woultl likc t o  ask,  first, a VCI-y guneral 
qucs t ion o f  o u r  speakt,rs Ilcre., w h o  Iiavt: !!rttc:l~ ~i:t iv i> ir? tillic and  1'rt.clucnc.y appliciitiolls and 
research. I would likc the111 t n  surntl!;iri/i\ \vh~:L t l ~ r y  t h i n k  is ;I ~ n a j o r  problcrn, o r  p r o b l c ~ n s ,  
which should be addrcsseci in t l ~ c  dih\cr.il il1,1tic1;1 1 ;i i i  tlic i)r m c a s ~ r r c ~ n e n t  o f  prccisc t're- 
quency, or the  ilsc of precisrori irt.(.llic!ic,y illid t i t i i t ,  ht;~r~dardc;. 



M R .  CHI: 

As you know, the application of time depends on the need. In the past the requirement 
has always bcen for very coarse lime, which is a problem, but not of interest t o  people who 
work at R&D activities ill frcquelicy and time. 

Now, the application requirement is increasing t o  the order of a ~nicrosecond or  helow. The 
question is how car1 olic be sure thc time he gcts is witliin that requirement? That is, how 
can one be sure that the tinlc is corrcct. Furtlicrniorc, oricc onc docs have the time --- 1 
assllme that he gets tlic titnc -- hc needs a way to  vcrify that  his tirilc is corrcct. Now thc 
next question: How can lie get coarse time'! Very often we work witliin rnicroscconds or  
nanoseconds, and we losc in hours, minutes, o r  sccorids. 

So thc problem is to  bc ablc to  di~scminatc thc timc t o  the users to  thc point that the user 
can be sure that he tneets h ~ s  requirements. It docs not rcquirc too niucli analysis, but if 
you want precise tirnc you must exercise a certain amount  of wisdom. Now the wisdom 
doesn't come with the uscrs who arc not in this pa r t i~u la r  ficld, so that some of these proh- 
lems are involvcd in the designing of  a system in a manner that people outside the ficld will 
understand exactly what they need to  do.  

DR. KEDER 

I'm just referring t o  some problerns which we have in VLF.  I think wc have learned a lot in 
this area during the last couple of years, but there are still somc very puzzling things. 

For  instance, wc d o  see antipotlal interl'erencc on somc paths where by all rights there 
shouldn't be any ,  ulld vicc versa. Tlir: particular area of trouble is in the wcstcrrl Pacific, 
for instance on paths from Hawaii t o  Australiir, as is now well known, and 1 think that the 
prediction in this arca is still rather poor. So more work is needed. And 1 believe it could 
be cxtremcly helpful if OMEGA could temporarily transmit a higher I'requcncy on  one of 
the segments, so that we wo~lld havc three different frequencies reasonably spaced in 

order t o  get a handle on the tnain problems. 

We have 10.2 and 13.6 k1Iz - ~f they could give us anything between, lct's say 15  and 
18 kHt,  i t  woultl be liclpful. It wouldn't havc t o  be for a very long period of tirnc, but as 
long as the segments aren't uomplctcly used anyway, and if thcy can d o  it tcchni~irlly, it 
would be very dcsrrable. 

~ MR. SWANSON 

May 1 comment 011 that? I believe that a signal structure question, say In  the Australian 
area, is riot really that  gerr-nanr to  the timing problcrn. 

'I'he reasoning here is prrr~c~pally that rri tirning you have the choicc; you can choose what- 
ever time of day is bcst fox you. Ord~narily, this turns out  to  be day t~rne .  And actually 
both the 10.2- and 13.0-kilohert~ signals liave hccn monitored at thc Ilnivcrsity of 
Queensland by Dr. C'rouchlcy, who is licrc today. Arld thc tirnc was in fact checker1 by a 



tlyingclock arrangement, rt Wiis not t,xactly rlorlc. spcclflcally for the experiment, so that 
thcrc was an i~ncerlainty of some ii~~crosccondc. Rut notictheless, tlic predictions a t  botli 
frtqi~encics,  from Hawaii down to  tlic TJtllvc>rs~ty of Q~rccnsland, agreed with tlie clock by 
about five microsccontls, 1 believe. 

AIR WII,SON 

Coulcl I a d d  just one cor~in ic~i t  on possilrlc cxpor-irncnts added to OME(.;A stations'! As 
you niay or  mr~y not  know. tlic C)ML:C;A ~iavigation sys tc~n  is in tlic process of bcuoming 
an opuratiotial systeni, and wl~ilc I woultln't say that adding cxperitt~cnts is impossible, 1 
would say that it's getting h i ~ r ~ l c r  and harrlcr as timc gocs along. Thcre is a yrcatc'r and 
grcnicr reluctani'c t o  tnkr tllc stations ol-t  the liir t u r  ;111y a ~ n o u n t  of timc to makc changcs 
and do cxperirnents. 

M R .  SWANSON. 

11-1 f i~c t ,  tlie 1;lst scrirs of moci~ficattons for i'xprrimc'nt,ll purposcs 1 can think of ouc\rrrccl 
prior lo IC)hh. 

We undout>tctily move now illto an i.ra 01' incrcaaccl application 01' prccisc tilnc and frctlilrn- 
cy standards. I think this ycsr's confcrenctl and last year's co~ifcrt.nct, indicate that tlli,rc 
are many systems whiclr will cv~ntua l ly  L I S ~  prccisc tirlic arld t'rccluency standards ill 1argc.r 
numbers. Conceivably, rrlost uf' thesr standards will be bcttcr cli~artz crystals. bccausc thcy 
arc still tlie t-nost reliable, anci protmbly tlle least expensive, precision I'requency oscillators. 
But 1 d o  foresee a significant nurnber of atomic frcc11.1cncy standards. 

In this respzct, I considcr the ecluiptnt.nt wliicli wc st'? o n  display licre t o  be cluite a 
significant accomplishrnrnt of tllc last two years. Ant1 thc clucstion is now: What problt~ms 
can be anticipated, or  whcrc d o  qou. :is systcms ~ l r g i t i ~ c r s  and rnanagors, think that 
problems in  that critical pliase 111ay arisc'? 1'111 tlii~lking about cnlibraiion needs. I ' t l ~  

thinking about  training al-rangrmelits whicli slioirld bt. m;ide. 'lliings along tliesc lillcs. 
And 1 am wondering wlicther there arc ;~lzy corilrii<nLs from thc audience or  frnrll tllc 
panel'? 

I'd like lo  express 3 conlrnvnt on o n e  problcrn that 1 rcc  and have always sccn, and it 
sccms to  continue. This is t l i t .  conl'i~sion. I bclicvc, hctween frcqucncy and pcrliaps epoch 
or date. 

A frequency standard, tlo 1nattt.r how good ;~ncl I do Ihink thcrc are sornc sirpcrb ones  
available is not in itself going t o  providc per1n:inent synchroniraiion with atiything 
else. It ncccssarily will vary slightly. There will bc :I rnnclom w:ilk. And sooner o r  later. 
whatever one rrecds in tlic area o f  syl~cl~rotiixatio,n, will no  longcr cxist. 



How one balances this depends on a lot of things: how good the time dissemination is; 
how good the standards are; what these methods cost; and how laborious they may be. 
But it's necessary always to  balance. There's nothing wrong with buying a cesium stan- 
dard simply because you don't want to bother fiddling around with adjustments for the 
next year, and assume that you can leave it there for a year and then adjust. This is the 
cconomic thing to do;  that's perfectly reasonable. 

But t o  buy one without recognizing the fact that you must also have a dissemination or  
control procedure of' some kind, if you really need synchronization, is a terrible mistake. 
Too often one winds up with nearly impossible frequency requtrements, driving one to  a 
standard which costs at  least $10,000, when perhaps dissemination methods would solve 
the whole thing for vcry much less money. But again, this is always a tmdcoff. As long as 
it's done properly it's all one can hope for. 

Another quite unrelated minor practical thing 1 have forgotten to  mention, but John 
Hannah pointed out  that the Naval Oceanographic Office does not exist - they are now 
the Defense Mapping Agency. So if you wish to  get any corrections, you had better gct 
them from the only existing agency: the DMA. 

DR. R0HD.k'. 

There is minimum awareness in the Department of the Army of the need for precise 
positioning. And we in the topographic laboratories have a responsibility t o  provide the 
means, and we feel that substantial research and development should be performed in the 
area of  providing precise timing deviccs such as clocks or  atomic devices. Rut you havc to 
realite that these equipments havc to  work in a dirty environment, and also they should 
be sufficiently cheap so that large numbers could be procured. 

So there is an area where rllore rescnrch and development should bc done, and we cannot 
do  this in our agency. 1 guess it has t o  be done in other agencics or  by industry. 

Another area which causes considerable problems is the area of propagation. I indicated 
this morning that the ionosphcre is not as sirnplt: as one may expect. In addition t o  iono- 
spheric propagation, which is essentially a problem with satellite systems, there is also ground 
wave propagation with its attenuation problems. If one tries to get information about phase 
delays or  time delays over ground, there is also very little material available, at  least t o  my 
knowledge. 

DR. WINKLER: 

I think, however, that  for precise time application itself, now considering the main interest 
of this conference, the detailed applications in navigation should be left aside. 

So far as 1 scc, the purpose of this conference is t o  discuss applications of technology to 
precise time and frequency generators, t o  measurements, and t o  certain fundamental diffi- 
culties. Well, in that respect, the propagation question is an important one, although I think 
of  it with less seriousness because as we mentioned repeatedly, if you have to  bring precision 



time, o r  t o  calibrate a user's clock, you can d o  that in a way which takes thc most advantage 
frorn the fact that he has a good clock. Y ~ L ,  can do  that at  the best moment, which for a 
saiellitc dissemination would be probably 4: 00 o'clock in the morning local time. And for 
VLF or OMFJGA, probably around noon. 

Howcvcr, there is another point in tlit. question of'systerns applications, and it is the 
following: I thixlk i t  would bc a niistakc if large systclns which propose t o  use precision 
time technology, or  T1: technology, depended solcly irpon extcrrial systerns for 
synchronization. I think a tirnc and Irequeucy autosystetn should have provisions for 
internal synchronization. On the other hand ,  it mirst also llavc an interface in  case of 
trouble. That is thc main pilrpose of llilvi~lg coordinated time; in case of trouble, you 
must be able to get tixilc from a variety of other sources. 1 think these two principles 
arc entirely compatiblc and, as we discusscd yesterday, that is the difference between 
coordination and synchronization, or  irnnletlialr synchronization. It is something which 
is very dear t o  my heart, hecause I find that it is a most frequent cause of misunderstand- 
ing, and misunderstanding produces wrong decisions, wllich can be exceedingly expensive. 
Duplication of cffort, for instance, duplication of clocks within very small application 
centers such as vessels or  aircraft or cor-nrnu~iications ccntcrs, can be avoidcd or  at least 
reduced if the wllole systerns aspcct is kept in r-riind. And  that is a point which maybe we 
have not empliasizcd snf'ficiently at this confercncc. 

This bririgs me to my last concern, wllicli is th'lt wc do  depend upo1.1 fcedback from you, 
the users. 1 think the conferencr can only bc benefic~al if thcre is 5iibstantial feedback, 

m and criticism if available, and suggestions of what sliould be covcred, and where the 
problem areas cxist. 

Since our  discussions have to end soon, I would not like to let that end arrive without giv- 
ing credit to those people who have kept the ideals of this conference alive, and who have 
helped t o  acconlplish this cxtro~-nely desirable coordination of our efforts, and cornbination 
of sponsorship. 

And I would like t o  really cxpress my gratitude to Mr. Nick Aurivos of the U.S. Naval 
Observatory, and Mr. Clark Wardrip frorn the NASAIGoddard Space Flight Center. With- 
ou t  these two gentlemen there would bc no confercrlce today, I can assure you. 

Are thcre any comments in regards to what we Il;~vc discussed this morning, o r  what may 
be on your mind'? 

DR. SONKA 

I would like to  ask thc panel ii they would brictly discuss limitations of using VLF in our 
KO-RO world navigations system when you lravt. s clock on-board. 

M R .  SWANSON: 

I think the main limitation is thc one right off the top: How d o  you set your clock'? In 
essence, when you ask, "How d o  you sct up  the clock'!" by the time you'vc answered that 
you're back into a 11y perbolic si tnation. 



DR. SONKA: 

Well, assume you havc a clock. 

MR. SWANSUN 

Now, to d o  any good in a range-to-range scnse, you must have the absolute cpoch, or  your 
ticking, or whatever. 

DR. SONKA : 

I know. Assume you have that; you've come to  the Naval Observatory and synched your 
clock and carried it away with yoir, :I cesium clock, o r  whatever. But now all the things 
we have talked about this morning, all of the errors in propagation, and everything, how 
are thesc things going to  limit the navigation? I n  other words, what will bc your navi- 
gational error? It appears t o  me it will be several nautical miles. 

MR. S WANSUN: 

Again it would depend on how many stations you were using. For example, the OMEGA 
receiver error is one spccific example. In this case there is an attempt made to set 
the clock, at  lcasl within the cpoch dealt with by the normal frequency you happcn t o  be 
working with. This is not of any great usc for timing because of the scales involved, but 
that is how the receiver is set up. 

And one could, I suppose, inject, that the receiver does operate with redundant range- 
range lines of  position. The Inere fact that they're redundant is sort of  getting you back 
more or  less to some of the advantages of the hypcrbolic system. In any event, its 
nominal accuracy, at  least in the OMEGA range, would tend to  be on the order of a 
mile, which would be that of the OMEGA system itself. This would depend on time and 
whatnot. 

DR. WINKLER: 

J would like t o  make a comment here. J think with all due respect for the capabilities of 
the OMEGA system, that from my point of view it would be advisable not  t o  overlook 
capabilities which we may have entirely for free. 

What Mr. Stonc has described, thc timing of thc VLI: stations, enables a user, if his 
equipment is sufficiently flexible, to  use any combination of signals. 

Also, the bit timing, which I hopc will be implemci~ted soon on  the VLF stations, will 
provide at lcast a starting point. You will be able to set your clock to  within probably a 
fraction of a millisecond in respect t o  that signal. 

Provided one has a small computer on-board, which is entirely possible - - 1 have seen air- 
craft VLF navigation systems demonstrated which utilize a small computer - the moment 
one has such a computcr on-board, one can use a bootstrap method and a refinement in 



r )  improving the synchronization of t l ~ e  clock by looking at several stattons, cxactly the sarne 

way as lias beer1 described l'or LORAN-(', In which by improving the f ~ t  of' the circlcs one 
can update one's clock as well as relinc one's posrtion cstirnation. And I scc no  esscntlal 
dif'fcrc~lce i n  tlic case of VL,F or  OMFCiA applicalion except that it is harder to account 
f o r  the propagation aaor-nalics and d~syersion ef'fcots. 

M l i .  S W A  NSCIN: 
I agrec. 1 think the only reason t l i ~ t  peoplc have evcr bothered to  invent a hyperbolic 
navigation systcm in thr firlt place 1s bt.c.:\ncc they don't know what time tt is. Iiad the 
time been knowri, range-r,~rige I \  clc,irly prcfcrnhle Rut depending on the constraints of  
adjusting the clock, yo11 rt1,ly work out t o  ~dcntically thc same situation, addressing i t  as 
range-range ,ind t ~ y i n g  to  set thc clock 2s if yo11 hail a hyperbolic systen~ in the first placc. 
You can't, in ecsencc, grt somctlling fur nothtng, especially if you are dealing with only 
threc stations and an unknown clock. 

UK. SONKA: 

In spitc of the fact that you cont~nually refinc your pos~tion and your tirne, aren't there 
fundamental lin-rrtations just bec,ausc of the propagation ;~non~al ics  that we've talked about 
this morning? 

DR. W I N K L E R :  

Yes, thcrc are, and niaybr tllc rnost s e r i o ~ ~ \  onc i j  i f  you  are rnovtng. If you yourself are 
moving at  high speetis there are acldr!ional complications. They are the sarnc as if you use 
the satcllite navigation systc111 o r  tirne dissemination system. In these applications really 
time and location are alrnost equivalent terms. 

I t  is true, thcrt: are Ilrnitations. B u t  1 ttlrnk they will essentially be cornparable t o  the 
noise level wllrcll we d~scusscd earllcr 111 t h c  caw oSVI F 'ind OMEGA systems. That 
seems t o  be around one n~ i~ rosecvnd  for \cry cluict per~ods  in the polar cycle. Short-term 
(precision) limits of noise sccm to bc in the 0. ]-,us nlnge, accordilig t o  the nuinbe1.7 which 
we havc seen this morning in Dr. Redcr'\ paper. Would you agrcc with that,  Dr. Reder? 

DR U D E R  

Wc rlrade soriie experirnentq ~~s t r lg  a hcttcr c~-yst;il, actually an atomic clock. And then we 

found that wc could reduce, the cquipmcnt noiqe. I would say we could reach 0.1-ps for 

integration pcriods of' about 10 s. 

The essential principle 1s cxaztly thc wrne 111 all US thcsc 'ipplications. You have redundant 
data; you look at several starions, or yo11 look at a movilig satellite, and the redundancy 
provides a capability to update and irnprove your location as wcll as  your clock. But 
you have to  have a starting point snrncplace, and in pract~cc that rnay r-nean that for Inany 
of these applications y o u  may want t o  leavc your clock running, even if the aircraft is on 

I the ground or  the vesscl is in the harbor, 



MR. SWANSON: 

I'd like to make a comment that Ur. Winkler has already made twice. But I think maybe 
1 could just second i t  and agree to  it. And that is the little matter of differences between 
time scales, for example, between NBS, USNO, OMEGA, and several others. The tradeoff 
here is one of how oftcn do you want to  adjust and try to keep together on the basis of a 
rather noisy intercomparison between sources? 1 think this is the sort of thing where 
feedback is very hclpful to those who have to worry about this type of problem. 

You can have a nice frequency stability by simply ignoring the rest of the world. This 
way you don't make any cpoch changes, thereby inducing discontinuities in what you are 
doing, and it's very nice. I believc this is undoubtedly the concern of users who said to 
Dr. Winkler: "Please, don't fiddle with the scale," This is what they want. They don't 
want these horrible changes. 

At the same time, you buy this continuity of scale at the expense of the divergence be- 
tween different systems. So this is, in essence, the control problem that is faced by any- 
body running this sort of a system. The users are those who can say, let it go hands-off 
and then finally adjust it by a very large amount. So do you keep rnaking small adjust- 
ments all thc time? What is really best for the application? 

I think that is an excellent comment. And there is another application which we should 
mention, and that is the SATCOM ground stations. As you know, these 28 stations are 
being equipped with cesium beam standards. Sincc the satellite link provides a 
synchronization capability to one-tcnth of a microsecond, these stations automatically 
become precise time reference stations. 

But what are the requirements to actually step these clocks? At the present time I think 
we have adopted a more-or-less experimental procedure to  stay within 25 microseconds 
for all of these. We know, of course, the time difference to a tenth of a microsecond or so. 
But I can foresee that as one gains experience, and as the operators become more used to  
the new procedures, that one can reduce that tolerance to  something like one microsecond 
without any difficzlty. And I think that's just another example for this operational 
question which was raised by Mr. Swanson. 

MR. LIEBERMAN: 

1 would like to lcave this conference with just one thought. We've derrlonstrated here, and 
over the years, that wc have disseminated precise time and time interval over satellite 
stations, LORAN-C, VLF, and now OMEGA, and also TV. I think we should begin to  look 
for applied research in using this time and time interval information, which will be avail- 
able almost throughout the world. We can now talk about getting comparatively inexpen- 
sive receiving equipment to make use of the time that's available. And I disagree that 



systems in the future necessarily have to Ili.ve interrial references, if there are sufficient 
sources, just like our power sources now. to keep thcrri on time and frequency. 

I think you will find the greatest arnoi~nt of resistance for any military system to  have t o  
rely exclusively on something wilich is outside, bcc:ulse one should keep the systerns sepa- 
rate in their operational ca~abl l i ty .  That capability should not be endangered by any 
failure outside of the system. 

Ladies arid gentlemen, I think we havc corlle to tlic end of our allocated time. 1 would 
like io thank the speakers, and turn lhc mecting back to Mr. Clark Wardrip. 

MR. WARDRIP: 

It has been Gocldard's pleas~ire to host the Fourth PTTI Conference; and on behalf of the 
U.S. Naval Observatory, thc Naval Kcsca-rch Laboratory, and the Naval Electronic Systems 
Co~nrnand, I thank you dl for coming and for your pdrticipation. 

Thank you very much. 




