
QUhSTlONS AND :iNSWERS 

Papcr 5: "The TColc ot' r.lii. I nitrnarional Radio C'o~isult:itivc Cornmittcc - 
Its t ~ n ~ i z t i o n ~  i1il1.1 Jnl'1ucni.c" was prcsentecl hq' 

Fluyh S. Fo.;q~lc. \,AS:Z Hc.ntlquarrcrs. \i;lsliir~gton, I1.C. 

QUESTIOh: I uc7tice 011 >.oi11- ~ l l - ~ i l ~  111:it 4 0 ~ 1  t l i i l l l ' i  5110\\. tllc hO kilohcrlz authorj.z:~- 
tion. Is j t  a truc. p~iardcci I'reil~icnc! '? 

M R .  E'OSQUL: This is un i:xlwr-~rni.ntal Ircquenc}. 1 Llclirbc. J will bc glad to  stand 
correctcci by aoybody 11cre. hut 1 tioii't L>clit.\c: that  is 1111 ;111~)catic)n, Tt is 211 cxperilrie~ital 
~1st: 01' a particu1;ir I'requcncy . 

QUESTION: ('oi~ld you sag a fcw words about tlic rnctliods b y  whidi you liopc lo get 
clown to s one nsnosecond tinlc reference distl-ibution? 

5 I K .  FOSQUE: \\ji t h  grc:lr djl'i'ic.~lt. 1 ~ : i ~ i ' t  say too 11111cIi :11milt i t .  except tha t  there is 
obv io~~s l l ,  a riccd, ur- at lcast t1ii.r~ sei1111.; to  I,? a rlecd ~vithirr tllr n c s l  30 years 1'01. S Y I I C ~ ~ O -  

nj~;ations ol'tliat sort. A n d  zspi'c'iall) so ,lrnong Lrszrs. ~ J L I L  ;llsc, 3lnong thc principal Iabora- 
torjcs involvcd in kc,cping tit))< 2nd Ii-t~clui.ni'!, . 1112 hopc~ is rli:~t o ~ i t  will bc able t o  go  t o  a 
very broad hand s:~tcllite 1-1ntl a c l i i e ~ . ~  this. 

Now. tlic r1ct:lils of that  technic-lnc arc being lookccl a1 at  the moriieot, and were thc 
concern of n study group liiccting tliat wc held ycstcrdsy. I just iiori't tliink they arc far 
enougl~  along for Iile t o  provide you with lllc kind of assurance tliut you are looking for fro111 
tlie nature or your question. I clon't know if wc will bc able to d o  that  o r  not ,  but we will 
try. 

QUESTION: Petel- C;orh;~rn. JPT.. will1 :I cor-nmcnl on  an ir~lplemcnt, (I 1. 1011. 

111 vcry long bsscli~ie i~~tcrt 'erolnt.try riglit now we solbc for a tenii, whicli is related t o  
cloch sync t i ron i~a t io~i .  and 1 clualil'> til.nt I ? > -  s:iking sclatcd t o ,  bec:liisr wc have somc instru- 
mental factors t o  pull oirt, LjrlL wi> arc gclt ing i~oris is tcnc~ ill our  hol~ltions, now. opcrittirlg 
iridcpcnder~t stations with hydrc.)gcn m:i>~.I-.;. B L I ~  thr  vl'isct tcrrrls tliat we get out  are good t o  
10 tu rllc rninirs 10 secol id~ ,  I I 0  c)f ;I r i ; i ~ io se~~c~r~~ l ,  

Rccently wc have incorporated n ph:lsr and cable c,:ilihr;~tion systcl-n thaz lias bccn put 
togcthcr by Cotidard anid I I ~ > J s L : I L ' I ~  r ) I ~ s t ' ~ - v ~ ~ t ~ r y :  311~1 we e . \ p ~ c t  bt: nb.lc t o  tukc ou t  tlie 
inslrurnental tcrms so that.  via tllc tcctlriiquc of vt.1-1, long b;iseliri~ illtcrfero~iictry, I think, i t  
is going lo be a possibility t o  collie up wil h n;inosccond s) ~lchroniza l io~i  at intercontincnlal 
distances, aricl one could operati: it ill near seal time vi:i a satellite communication ir-npleaicn- 
tation, if you w;lntcd to  go tli:it I - O L I ~ C .  

V R ,  FOSQUE: . I  Ii~iiik \ . ~ L I .  

1 an1 io111ewllat of a co~vard in  .;pe:lhing t o  this group bccaust. ~ v c  tiavt' Iiad sor-no meet- 
ings. and tllcrc are czrtaiti rcquir-i 'mcnt ih:it llzc~pli. rhink : u - i .  cmcrging tliat ~ v o i ~ l d  rccluirc 
onc t o  tahc 311 i'k-ell broadcr l( .~oh t11:11i we Il:i\c> ta lkc~t  3bour 11erc. I11 I'act. tlicre arc a fair 
nurnber 01' individuals ~v1r.c) think \vc 4iu11lil strivt. for :I 50 picosecond cupnbility. But as 1 
say, I a111 soti~cwll:ii of a co\v:ird quorlng ~liost:  r~u l~ ibc r s  to this g r o ~ ~ p .  
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Paper 7 :  "Ilefinition, Kequircnient, and the Determination of UTl 
by the U.S. Naval Observatory" was presented by 

Ilcnnis D. McCarthy, U.S. Naval Observatory, Washington, D.C. 

QUESTION: My name is D. Antonio witli the Navy Department. 
Are tliere any cfforts ~ ~ n d e r w a y  to  d o  any predictive work on the variation of  U'T1 with 

UTC'? 
As I understand it, UTI is for most people at  tlie moment not  very predictable and you 

have t o  keep relatively current with the work you d o  t o  find out  what the current correction 
factors arc. 

Are thcrc cfl'orts underway t o  see if this can be prcdicted better tlian it is now? 

MR. MC CARTHY: Ttlcre are always cfforts bcing made to prcdict time. However, 
when we are talking about accuracy. Wc can probably predict UTl minus UTC to 1/10 of i i  

second with sonie degree of accuracy Tor maybe a year. But that doesn't do arlyone vcry 
nu~cl i  good; l o  a millisecond accuracy, i t  just is an irnpossiblc thing. 

Paper 8: "Tlie Determination of UTl by the BII I," was presented by 
Ms. Marine l;eisscl, Bureau International de I'IIeure, Paris, France. 

QUESTION: George Milburn, Army, West. 
111 your prediction technique you ~nentioliccl tliat you liar1 a tectonic factor in there, 

prediction for smoothing of individual stations. I am wolidering ii' you have a,  more o r  less., 
regular continental drift term that gocs into (hat for any particular stations. 

MS. FEISSEL: No. Wt. liavt. a variatiori of the drift betwccn lxurope ant i  Asia. We 
l 'o~~nd a result which is of the sarnc S ~ L D  as the crrors are. So, as tlie prescnt continental drift 
is not vcry well known, wc d o  riot use continental drift material in our prediction. This lack 
of knowledge is one of tlic reasons why wc take only four years of the past to predict. 

QUESTION: Rucgcr, Jolins Hopkins. 
I>id 1 understand you to  say you arc using Doppler tracking of transfer satellites as part 

of your data? 

MS. FEISSEL: Yes, wc received the final results of the IIMA and we used thc X and I' 
results. 

QUESTION: Is there ally plan in the near future about making comparisons, using sat- 
ellites exclusively for the UT I ~neasurement? 

MS. FEISSEL: Our 111ethods are dcvised so that they can include any new method, as 
long as this rnethod gives regular results, and as long as lhcrc has been a lungcr period of time 
in the past when systematic deviations Trorll the prcsent systcrn of U'I ' I  can be known and 
prcdicted. 

QUESTION: Would you  be i n  a position lo say whelhcr tllc errors by the satellite 
 neth hods are lower or  greatcr' t h , ~ r ~  you are realizing by the star observations thcn'? 
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MS. FEISSEL: For the pole coorcliii,itcs, the Ljoppler systcxn has precision wllicll is 
about the saliie as the astronomical \yste111 and. of course. it is increasing faster as time goes 
011. 

QUESTION: T o  bc :~ble t o  l'a11 back on" 

MS. FETSSEL: Yes, an3  there 15 :I project t o  sct Doppler nt.1 01' stations observing tllc 
satellites but  these stations will he intcrnatlon;rl. It w ~ l l  b r ,  it is cxpectcd t o  give its first re- 
sults in 1978. 

Paper 9: "Precise Worldwide Statjon Synchroni~a t ion  Via the NAVSTAR GPS, 
Navigation Technology Satcllitc (N'I'S- I )." was preseritcd by  

7 lionias McCaskill, Naval Kefearcll Laboratory. W ;~sl~ington,  D.C. 

QUESTION : S a i i i ~ ~ r l  Ward. Jct  Prop ulsio~i Lab. 
Ilow long will tliut reccivcr rcm:~jn in Ai~stralia' 

MR. R-IC CASKILL: I l l ?  s ~ t c  ill Xustr;ilia is now cons~de~-t.cl a pcrrnanunt tracking sta- 
t ion, part of the ilavig;~tion dnd tcchrlolog> satellite tracking i~c twork .  So, i t  will remain 
thcre for an inrlcfinitc a ~ n o u n t  oS tinic. 

l'apcr 28: "Special l'urposc Atoniic (Molecirlar) Standard," 
was preseritecl by Mr. David J .  Wineland. 

QUESTION: Tom F nglisl~. 
Thc real question I warited t o  ask. whcrc your stability tunis up at the end, is there ally 

possibility that might he d u t  t o  tlie cllangc\ in pressure, presstire Iluctustions over a period 
of ,i couple miniites 01- so' 

M R .  WINELANL): Vo. in  fact.  th:lt u a s  liot. 1 cotxld correctly r-nonjtor tlle presstire 
and rule o i ~ t  tliat. I am w r c  t o  a high degi-cu tliut was clue t o  our  drifts, for example, in the 
servo offsets. 'rllere was a direct correlation with that.  As of yet. wc hsvcn't it-nplemented 
the digital servos, wllicli wc hopu to do .  So I am confiderit we car1 beat that  down. 

QUESTION: Mr. Kueger, Jolllis Hopkins. 
What is t he  size of tlie cavity atid what ts tlic sllapc of it" 

MK. WINELAND: Wc haven't at all finali7ed i L  h.et. I slionld liave pointed ou t  on  thc 
last graph, thal was I'or just a piece of K hand wave yiiide. 50 ceiitillieters Ion?. F.sscntially. 
ter~l-iinated at both ends. 

That was also at  1-1 fairly llig11r1- prcssurc t h : ~ ~  wc worrld w i ~ n t  t o  work a t .  In other  
woi-ds, we would like t o  rcducc thc prfssilre. rrd11c.e tlle terrl]?t.raturc sensitivity. So  wc cn- 
visage goins t o  a cell of ~n;-iybc about 11 liter \-oli~rnc. but Lhc conl'iguration 4 et  is i~ndecided. 
It may either he ;I box, o r  maybe loops of wrrvc guide, sort of folded lip o n  itscll'. Rut that 
remains t o  be seen. 



Paper 3 1 : "OMEGA Synchronization: Current Operations and 17uture Plans," 
was prcscnlcd by Mr. Iloward J .  Santamorc. 

VOICE: I notice your data there. C'ould these unmodelcd forccs bc due to  at~nospheric 
tidcs'! 

MR. SANTAMORE: 1 really don't know. 1 think Dr. Reder has considerable cxpcriemcc 
with that. I don't know of any ut~iiosplieric tide effects in OMEGA propagation. 

DR. REDER: Actually, I arn quite glad because I riotice soirie of the variations against 
our cesiurn sta~zdarcls, and as a good citizen, a good nciglzbor, let's say, I blamed our  cesiuln 
standard for it. But apparently it was not. 

MR. SANTAMORE: Thank you.  

VOICE: Perhaps I could explain lo you why the atmosphere, the tidcs should affect 
this, because since the mode 01' propagation is I'rom the b or D layer, underside, anci the sur- 
face of the earth, the bulges caused by tlic atiriospl-lere c a u e  the radiating sources, the sun, 
would be up closer and the angle of incidence will change, h r  instance, a t  new moon when 
the solar forccs nrld lunar tidcs arc lining up, if you look at those periods, for instance, the 
diunlal effect, you find that thc jump is much bigger during tliosc tirx~cs. 

And in tiining wheri this effect occurs, I have noticed that it occurs approximalely 0-1 /:! 
llours aftcr moon passing over head. or even - tlie el'kct doesn't quitc line ilp with thc instan- 
tancous position o f  the moon aricl sun. Tllcre is a clclay. 

MR. SANTAMORE: Ilow large an effect are you talking about? 

VOICE: Distances Sroni Fort Collins to  Canberra, Australia, tlie effect was solnething 
like as much as 7 to  10 n~icroseconds. And in co~~ipar ing tlic saiizc sort ol' data with the Fort 
Collins to  S o ~ l t h  Al'rica, tlic cffcot was nearly tllc Yarnc, but of t l ~ c  opposite phase. 

MK. SANTAMORE: Thank you. 

Papcr 32: "A M e t '  Keview of' Frequency Stability Measures," 
was presented hy Dr. Kiiowles. 

DR. WINKLER: You have only a one-way transfer, not a two-way'? 

DR. KNOWLES: Yes, at the momcnt it is only a one-way transfer. This is essentially 
because of the cornbination of the ecoilorilics of how rriany link tr:~iistnitters wc could afford 
and the satellite characteristics. 

A possible futurc extension is a two-way transfer. In order to make that technically 
worthwlzile, one would want to have a fully coherent satellite link whereby you could trans- 
mit the pllasc of your local oscill;~tor frorn one station to  the other as well as simply a tirric 
reference signal. 

This wouldn't be pocsj ble with C"1 S because it doesn't llavc cohcrcnt oscillators, a futurc 
satellite which was cquippcd for a coherent slave mode, that would be worthwhilc. 
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Paper 38 "KTS-2 Cesrum Ucam I recluencp Standard Tor CiPS," 
\vus prcwntecl b> 1. hliite. 

MR. RUEGER: Are tllcrc ant, cl~lcstlon5' 
Al Bates. 

MR. BATES: Bates. APL. 
1 am curious wliy ,111 tli,it 15n't dono wlthin tlie loop, the relativistic synthcsi~cr. 

MR.  WHITE: ,2\ you know. ~t could 311 h a ~ c  lxcn,  but tlie tililc sequence of things 
was izot wch tliat wc cv~~lcl  clo i t  tliat way. We fou11d out  thc offset was a hard and fast 
rcquiretnent . 

I lie design ol' tlic cc\iuln tvns \uch we could n o  longcs go brlch d~id 111;ikc the cIi;i~iges 
within the loop, and  it was too late to do it. 

MR. RATES: You paid a tt'rrlblc prlcz 

MR. WHITE: Ye\, wt. clid. Thele is a plug f o r  what is coming up. We llopc to  rcport ill 
Atlantic City tliis sprlng oli tlic ncut f'alriilq of thcsc starldarcls which are now uniler construc- 
tion for the Air Foscc satellites. They will liavc a11 of this built 111. 

The o i ~ t p l ~ t  is 10.23 and it will be offset as it corncs out oft l le  standard. 

MR. RUEGER: l'he y llavc tlic relativistic sy nthcsizcl- ir~volvccl. 

MR. WHITE: It is all proyrammcd I n t o  tlit. sy~it l iesi~cr of the ct.s~urii stnnciard. 

MR.  RATES: You s;~lci the rcsollltlo~l \y r l the~ i~er  W,IS 7 1x11 15. I 0li i  

MR. WHTTE: 1-h:lt 1s t11c rrtngr. Tllc 1rsolirtion 1, 3 In 101'. llie tuning resolutioa on 
tllc c c s ~ u ~ n  is 1-112 i n  10'" W t  liavt. ,I 1,Ingc of ; ~ b o i ~ t  plirs or minus 1 ;,rid 10' ' .  

MR. ENGLTSEI: 70111 Fnglish. 
I would like to point out wit11 rt'g'ird to the rubidiuni standard\ that were used, tlicy 

were basicrllly ~nodified con\rrsioii. 

MR. WHITE: At the tirlle brc orrginally prepared, therc was ti grcat deal of trouble, but 
you're quite right, they wele ~ornnlcrc~al  unrts. not clesig~lcrl for sp:ico tliglit. Wc die1 nlodify 
thcm to the exterit necessary for our p~~rposcs  

Paper 39: "A Ncw Rugged Low \oist High Prcc~s~on Oscill,itor," 
was prrselrturl L)) rl il I ~ n ~ m o n s  

MR. RUEGER: Arc there any qiiv\tioris to thiq paper'! 
I linvc one. you riicntioncd you have dcsigiictl thir WJ t h  hardening in ~ii ind.  Would you 

care to say what charactenstics you wcrc trying to preserve witli tlrc h,lrdcning, tran5ient 
pcrforr-rlance or survivability o r  continuous scnrlce or what? 

MR. EhIMONS: 1 helleve tlint 1 wo~ilci prefer not to  go into clctails, bu t  we ale irs~lig 
swcpt quart7 and trcClting tlie quait/  to attcmpt to  gct the radiation ~nduccd component of 
aging, if qou will, d ~ w l i  to  acceptable l i n ~ ~ t s .  
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MR. RUEGER: Thank you. 
Arc there any other questions'! Back therc at tlle niicrophone. 

MR. BARGER: Chuck Barger, Hewlctt-Packard. 
I have sort of a two-fold question. Number one, you said you had a two and three part 

101° shift on tlie pyrotechnic shock. Was that a permanent shift or  did the unit return after 
shock'? 

Number two, you madc a point of  also saying tliat that particular test was done opera- 
tionally. Ilid you also by chalice do the vibration tests operationally? And if so, would yoti 
bc willing to  say anything about thc sideband performance there? 

MR. EMMONS: I am afraid I ciid not look at sidebands during operational randorn vi- 
bration tests. Wc did randorn vibration tests to  10 GRMS and watclled the frcqucncy excur- 
sions and transients and so on, and watchcrl the oscillator operate during the test, but  did not 
1z:ivc spectral analyzcr cquiprnent there. 

Thc other part of your question could be amplified a little bit by saying that in a se- 
quence of 12 shock pulses, we saw a final frequency offset of about five parts in loll .  So 
that what happcns is that the frequency jurnps back and forth. But I don't think that that is 
very prcdictablc and certainly c o ~ ~ l d n ' t  bc predicted by me. 

But it was an interesting result that those shock ~nllses tcndcd to  give an average fre- 
quency shift which was not as large as sornc of the individual shifts. 

QUESTION: What kind of thermal insulation syster-n did you use in thc oscillator? 

MR. EMMONS: It is a dewnr single proportional oven. 

QUESTION : Glass? 

MR. EMMONS: Yes, glass. 

MR. RUEGER: You rerilirld me of another question. How did you meet the stlock 
requircmcn t'! 

MR. EMMONS: Well, by  careful attention to  details. 

Yapcr 40:  "Pcrforinance of a Dual Bcaizi High Pcrforrriance 
Ces i i~~n  Beam Tube," was presented by Gary Svavey. 

MR. RUEGER: This paper is now open for cluestions. 

QUESTlON: Would you care to  corninerit at all on the amount that that package 
weighs? 

MR.  SEAVEY: That the package weighs or  the tube? 

QUESTION: No. tlie ell tire eli-ctronics, the 506 1 A. 

MR. SEAVEY: J rcnlly don't know. Maybe Mike 1;ischcr would have an answer to that. 
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MR. RUECER: I havr another cli~estion. Yo11 inentioned that you worked t o  close 
tolerance on  tlicsc tubcs. iY-oulti ~ O L I  ~ ; l r e  t o  say ;vliat kind o f  ;I tolerance y o ~ i  were talking 
abou t?  A fcw niils or  something ;I lot h e ~ ~ r r ' ?  

MR. SEAVEY: Wc arc usuall!. talking tlioiisands o f  :in inch o n  this tube. 

MR. KUEGER: Tlia~ik k ou ,  
Arc tllcrc ally otllcr q~~cslions' . '  I l trc is o n c .  

MR. WARD: S;uni Ward. JI'L. 
Aftcr calibrating one  o f  thosz ctsilims ;\ it11 t h c  004 option and tlicn turning i t  off and 

turning it  on  agairi. how closc will i t  tl.lrn to  Ihc cali11.ratccl frcquc~ic) ' ?  

MR. SEAVEY: Well. il' > , o t r  yi? Lllro~iyl~ tile i.correct p r ~ ~ e d ~ ~ r c .  5-011 w7ill 1~ well witl~iti 
specil'icstioii wllicli ~is~lull! nli.at1.s tliar it also slio~rld hc dc ,  gaiissfci :in>.t;me thc instrumcut 
has had a power interr~lpt ion,  

VOICE: How closc art: tlrc ovcri ti"~lipr.rati~res controlicd fronr uiiit t o  unit ,  the  temper- 
aturt. setting of' tlie over1 contrnllrr.? 

MR. SEAVEY: Wi tliiri 3bo~ i t  plus or- 1nj11 L ~ S  3 dcgrccs C'clsius. 

DR. WINKLER: How well clo  yo^^ s t ; i l~ i l i~c  tllc O V C I ~  ~c t i ipcra i~ i re  t o  evaiu;itc whcrevcr 
yo11 set i t  in  ttic first placc'.' 

MR.  SEAVEY: 1 doii't rlliilk 1 i.311 ;.cr!- \v<ll 3 1 1 % ~  i't. tll,~t iluzstion riglit off t h c  top of 
11ly head. I t  is prctty niuzll d~,ri.ri~riiicd h~ 1111. electroni~,s i l l  tlli. iilstl-itirlen~. 

DR. WINKLEK: It appt.:il.s l o  11s some r:)l ~ l i c  p:liliological l~eh ;~v io r  of clocks siniilat- to 
877, at lcast i n  part tnay Iluvc beer1 caused 12)- oven tcnlpcl-atul-t. cllariges. 

Such a clia~ige of  oven tcr-r~pcrsturc will al'l.ect tllc vclc>city distribr~tiori in your  tubc. 
And any phase error will prod~lcc 3 fi-ccjlrcacq shift. That is in c c ? ~ i j ~ i ~ r i c t i ~ ~ i  wi lh  m;ignctic 
I'ield variations a n d  with micrownvc powcx l e ~ e l  which is nrlotlicr \cry critiuiil thing. 

'l'licsc arc, b y  far, the most import:iiit sources f o r  systenialic i11:ingt.s of t'rcq~icncq. :IS 

we lluve seen them today. Therefore. I rcall) \\oiidi.r 1lonr \vc>lI I lic i.li:.ctroiiius control is 
kcepirlg that  oven ternpcraturc co~is tan t .  

MR. SEAVEY: 1 agrer. \c.ith Joir. I :rill i)(:)t .;ur~l i l i ~ i t  I hllo\i c ~ a i ' t l )  I ~ o u  \\,t.ll clcc- 
tronics is doing as far as controllrng tlri. o\ (11 rc'~npcl.;~ ~ I ~ I . ~ , .  

DR. CUTLER: 1 cat) probubl:, gilt , I  littit: alisu,~,r oil tllis. I.:nrlcr GI-dij~al-y 21lnbicnt 
conditioils or  laborutorq conrlitions it is prob:~l~i)- bcttcr t11311 ;I i e ~  ;v:lihs of ;i dcgrcc 
centigrade. 

Tllc sourcc of variatiorls 1112 t were seen rl imng ~111s problcm witli tlle oven werc llot 
caused by tvmpvraturc variations. Tllt.1 : ~ c l y d  likc tcmper:11~1r.c- v;iri:itions, but  it was rcally :i 

c e s i~~ rn  vapor p r c s s ~ ~ r i ~ a t i o i i  causecl ejlhur 1))- a c~ l ie~ l~ i i~a l  contnminat~on ol- obs t~ -~ i c~ . i ons  witllill 
the oven. It was not 3 tf.11~ t c~ i ipe ra t i i r~  v:iri:itloli. 

MR. RUEGEK: Thank !"nu, Dr.. C ~ i t l ~ ~ l - .  
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MR. GARGYI: Gyula Gargyi, Tel Line System. 
Are the tubes that hiled the test for 004 options the tubcs being used for 506 1 standard 

oscillators'! 

MR. SEAVEY: I an1 not sure I: understand. 

MR. GARGYI: I understand your figure of rnerit was an average of 24 and some tubcs 
don't mcct that test apparently. Are those tubes the ones that are being uscd for standard 
506 1 oscillators'? 

MR. SEAVEY: No, the typical realized figure was 24. Our specification is 10. 

DR. KERN: Bob Kern, F.T.S., Inc., Danvers, Mass. 
Gary, you iilentioned two tubes came back after four ycars of service. Wcre these the 

rnodil'ied ones wit11 tllc Izighcr figure of merit or the initial ones'? 

MR. SEAVEY: l'hese were tlic lligll performance tubes of the old oven design. They 
were unmodified. 

Paper 41 : "Applicatioiz of Higlz Performance Cesiurn Beam Frequency 
Standards to VL131," was presented by 
W. J .  Klepczynski and K .  J .  Jolulston. 

MR. RUEGER: 1 feel compcllcd to defend the working of these standards. 1 am sure 
he milst have been rcfcrring to  the way they operate and are moved around. 'The ones we 
llad to look at wcre rarely in place very long at r~ time. 

Mr. Winkler. 

DR. WINKLER: First, I rnust say i am ama~ed .  We can see a new phenomeno~~, and 
that is a strong dipole inorncnt in a pair of speakers. 'Shey must have been exposed to field 
gradients of considerable proportion. 

Seriously, I think what you havc seen on the cesium standard is, of course, what one 
would expcct if you just take in the nurnbcrs of an 004 standard and see the random walk in 
phasc. That is typically a randorn walk in phase. 

And you cannot hope to improve things by putting a straight line through as long as you 
are in it. You're in a walk in phase and not random noise limitcd. 

Now, on the other hand, in rcgard to  your questions, it is my feeling that these standards 
unless you come and put them down for an extended period, will have a degraded performance. 

Dr. Cutler mentioned belore the problem of tcrnperature gradients or initial differences. 
If you expose such a clock to a ternperaturc difference of 10 degrees and along with banging 
around in a car; they simply do not perforrn as well as if they can rest in a place for a couple 
of weeks. One has to consider it as a system which is excited into some kind of an excited 
state. And that it will relax afterwards at an unpredictable rate. I think I mentioned in the 
Observatory that we have never been able to take any one of our normal clocks as a standard 
into tllc system. They seein to suffer. The very same standards 1025 which you havc in vain 
tried to  use for radio experiment performed exceedingly well in our experiment. 
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M R .  JOIINSl'ON: Let nrt., sa! tlicri.. 1 :rircss J wasn't j-7erl'ectly clear. We didn't really 
get VLRI procerdinrs o n  tlie 1035 th: i~ werc very ~ t i ~ ~ e s s l ' t ~ l .  W h ~ t  I did say was that  when 
I took tlie 1015 down to  1nryl;ind Poilit, i t  matclied tlic specs. We dicl chcck and see that it 
matclied tho specs, and t1a1.e ~iiatclicd specs on  that cxperirnenr. ' IJt~forti~nately, wc didn't 
get i'ringcs o n  t1i;it cxpcr i rne~~t .  

l 'he iliain poilit was -cvc ilsed tlircc of tliese cesiums, o n c  vel-y gootl, probably as good as 
r ~ ~ b i d i u m .  7'11~ otliel- twc~  wereri't as good. I t  makcs one worlder wbcn one buys oiie off the  
sliclf what you arc goiilt,' t o  gct. 

L)K. WINKLEK: LVl~.;rt is tllc. c l i f f i~r~~ii i~c wI1c.n > o n  ya t o  11irhc1- oven teiiipcsaturc'! 

MR. JOHNSTON: I l l c >  I~igtlcr O I C I I  di:)?~ gi1.c > . O I L  ; I I ? O L I ~  :I L C ~ L ~ : I S ~  I Y X ) ~  o f  t ~ v o  better 
pcrfotrn:incc. M i .  hcat the s igl i~l  ;~f;lltlsL r l ~  nia.;i.r. .;ignal ; I L  hlui-1. i,uld Point ; ~ n d  looked at  
tliem i n  ;i i ~ r i p  ~11 .~f . t .  

Whcn yoit r i m  l l i ~  <)\ell oi;, 1 o1.i llle iii3si1ig I-lowti by- :I sclLrare root  of two.  It is a 
vcry graphical d t . r l~ons l r :~ l io~~.  I cin11cI 11:lkr sllowcd tl?.-at otl ;I slicle, blrl the act1131 calibration 
clidii't oor-nc o ~ ~ t .  Tllcsc was a 111ist;~kc 111:1(1i' in  tlie calibration. 

So ;~hsolutcly, 1 c*aii't tell yo11 i'x;i::(ly what tlic n~irnbcr  w;is. 13ut I C ~ I I  scc clci~rly that  
i t  was lu11ch hotter. 

MR. RUEGEK: 1 hcliebc Bill Ljncls~y rliadc ;.I mcasurc o f  t 1 1 ; i ~  directly ligail~st thc  hy- 
c1l.ogt.1-1 inascr 1-~nd it was (lie s q ~ ~ a r c  ~ " o o t  (it' two .  

M R .  WARD: I-low in~rzli of ~ h t .  p1i:ist. dril't &.:I< ciilc: to t'rctl~:i.nu!- vl'l'srt bctwcon the 
two s~anciards'l .And jt sccms lo 111c wlli.11 ~ O L I  I-novr one 01' ~lieiil .  tllc short-lcrm noise will 
limit yollr abilith- e ~ c i ~  t o  1nc;jsurr f r cq~ lc r~cy ,  T T  c0111d until it settles down. 

MR.  JOHNSTON: Tlint is possible. 1 ' 1 1 ~  I'i-ecluency ofl'sct bctwccn the  different stand- 
ards. ~ I I C  hylirogen liiascr anti ccsium and ~-t~i:i~lililn, is tn!;cn out  of these observationr. Wc 
assumcd frequency orfscts bctuccn tllr dil'l'crcnt oscillators, and we do take tllusc ou t  ns a n  
e x l x r i m c n t  frequency offsct. 

Wliat I ; ~ 1 1  really coiiccrnod wir l~  1'1-0111 l i l y  ohscrvatio~i is spcctr:~l p11rit.y. '-rlie Sreclueiicy 
c.ould 1 ~ .  alriiost cinywheru. hi1 L it 15 t liz 13~1ri t). of' tlie signal 1 :111i cor~ccrncd with because ilia t 
i l l c l i ~ ~ ~ t ~ s  liow 111ucIi 110ist I :ill1 yc~itl: l o  get 011 111)- I'ri11:~ p1i;iw L i ~ ~ c l  it l i ~ ~ i i t s  my i l~ t c~ r :~ t i o l l  
t ir~ie.  

Rut I d o  think, froill tlir c:)i,szr\.atjons t h:1: \i c li,.i\.i. 111:icii.. r l i ~ i l  tor 1 0 ~  ~ ~ . L ' C ~ I I C I ~ U ~ C S .  I 
tlfirtk this ccs iun~ sl-aridar1-1 can Ibc i i i i ~ i l .  .11 lc I  i l '  I \ \ a s  pro\ it1r:d \*,it11 cciiur-n st:~nci:~rcls 1,y thc 
Navnl Observatory arid going inLo [lie \ LL3J l1r1sit1i.s.;. I \\-oillit n o i  run oirt aricl blr), rlrbicji~~111 
standards because I oo~lld sclcct o:!? 0 1 .  tlic i.i'iilltil qtani1,il.d~ 1/1i'>- ll;jvi*. 

Anii I tliink tli:~t wo~llii prove pr i - I~z t l )  ~ ~ d c q i i : ~ t ~ '  i l ~ l d c ' ~ .  ;llri~(:)';i i'vi'ry- :ipplication thry 
would h:lvc. 
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