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STANDARD TIME SIGNALS 
Improving the Accuracy of Comparison Between Rad io 

and Local Time Standards 

l\'1anyof the :H:tivities (lssncillwd with 
the IHtl'l'Jlational Gf'UphY8ica\ Y!':II" !"I'­

quire :llTUfatc time and f requene.)' :;l:lllcl­
ardimtion. It is freqll{'ntly dcsirahl(' tQ 

have tL locnl time-anti-freq uency sland­
ani, fol' usc when radio receptioll is POOl' 
01' \rhC'1l local timing equipment is to b(' 
operated. Stand:wliz:1.tion can be flC­

complished by a cornpnr'isoll of the till\!' 
indi('atec! by the loc:-!! standard, slwh :IS 
the Typ.,; 1 H)()-AP Primary FI'C<lul'rlcy 
~tnndard, with the sl:mdnrd rad io lime 
siglL:lIs transmitted by national agf'lu:i{'s 
in the United States and in other l;OIlIl­

tries. Those sic;nals consist, ill part, of 
pulses, dots, 01' dashes at intCtTais of 
one SN;ond. This art ide u("s('rilws a 
method of 1l1l':lSllremcnt of the time of 
arrival of lime signals with n precisioll 
of ± 1 miliist'I'oml. 

The Loco\ Stondord 

The '1'''1''' 1 \(X}-A P P rimary Fn.'­
qucncy Stauuard comprises a quartz 
l'r,\'I,tal ofleillatnr operating at IOI) kc 
find a frcqut'llcy di\'idel' chain \\'ilh out­
Pilt frcquelH: ieH at 100 ke, 10 ke, 1 h, 
ami 100 cydes pCI' sc!;ond. The I-kc out­
put drives !\ precision c10ek (the TYPE 
1103-A Syneronometcl'), in whith is in­
('orporated n cOllt:U'10r that opens and 

Fig u.t 1. Pont i 
"itw 01 Ih . Syn. 
uonom ..... Th , 
Mic.odiol i . 01 Iht 
.ighl of Ih t dock 

fo e •. 

c1os('S ollce PCI' S(:COl1u. This contactor 
i:> :uljUl>lable ill phai>(', or time of oper:t­
tion with respect to the cluck shaft, ill 
such a way that the dosing time ('an 11(' 
sct at any value with r<''Slx"ct to nn tubi­
IraI'." 7..{'I'O, fJ'om 0 to !)!)9 millil;CcolIUS 
and on a.round, through zero, into the 
IIl'xl second. A calibratet.1 cOlltrol, callet.l 
tl](' :\!icmdiaJ , is provided, which is 
gr:Hluak(\ in to-milliseconu inCJ'('mellts 
from 0 to tOO ill 3GO°, or 0 1.0 1000 milli­
S<'Concls. 

Coli bra tion 

The calibration of a. time or frequency 
st:mdarJ by ref('l"t'llct' to radio time sig­
uals requir(."S fl seric." of mC:ls w'enwnls of 
t il(' time of atri\':li I)f s tandard time si~­
na\ puises over an cxtCIlJet.\ period of 
days 01' w(.'('ks in oni('\" to I'et.iucf' the 
errors in time ... f;ignal reception time:; to 

nep:lip:ibi(' proportiollfO. In the me[lSw'('­
ment the audio fn-qu('llcy dash or lick 
in the radio rcceive!' output is eomp:l1"ed 
wilh tt timed rcfcrence sigllu\ from tlH' 
local source to he (,:t1ibmtcd, For ex­
ample, let us as811Tn(' that the standard 
lime signals are recl'ivcd at a St'ttill!J; of 
2G.3 on the first day , 2G..! 011 thc SC(:ond 
- to 27.3 011 the ('\('\lenth da.v. T hi,; 
represents fUl ill('rC!IS(' of the :\ l icl'odial 
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~ GENER .... l RADIO E X PERIMENTiR • 
reading of 1 di\'ision in 10 da.,vs or 10 
milliseconds, which is I millisceond per 
day gail!. Eadl day c()I\sist:; of 11 tolal of 
8u,·100 S('Colids (mc:m sol:tr time). This 
figUl'c is apprC)ximau{v 10' seconds, Or 
10" milii:5C('onos, per uay. ~ i ILCC the r[,t'­

quency-sl:lllliurd dock is ~:linitlg at the 
rute of I milli..ccoml lx'r Lin .... , the clouk­
oSt:il1ator frequC'llcy (k}l':d frp{luC'tlC), 

slu!Lourd) is r'unniug appr'oximatcly 
1 x 10·' too high in fny\uency, alUl is 
coltsiwtl itt freq1llllcy. If the :" l iITodi:ll 
S('lling hluJ l!;!l.ill('{l, or lost, lime a t :l 

mte proportional to the sqllare of the 
('bpsed linl<', 1111' frcquency of the <:lock 
osdllalOl' lIollld h:lVl' bt'Cli ch:Ulging al U 
COllstant ralc nf lIlCfC(lSC pc!' (hy. Thus it 
is po$tiilJlt· 10 ('ump:!!"£' Im:nl fn'queuey 
st:mdtu't./s \rith ..; landal'd time si{.!:!Hds fo r 
calilmuiou of both frC'qu(>llcr :1.nO time 
indicat ions. In orcll'l' 10 achic\'l' lhe de. .. 
siroo IlI'('('jsioll ill Lht! US(l of this Ilwlhod 
to (,'nlihra te till' TH~; IIO(}A I' Primary 
Fl'ffju(>ncy Stalldanl , it is 1I('(·(';.;$al'), to 
\If><} the :\licrOOi:l1 ('ontaclol' wilh an 

os<.'illos{'opic indic:ll ioll of the time 
signal. 
Use of the Microdial 

As origizwlly conlt'mplntcd, the i\ l i­
crodial ('ontnctor was USt'{! as a phase­
ttbk' Kate, whid] 1t'1 !I 1 imC' ... igllalthrough 
when i1 W:\''l opl.'n find shorted it out 
when dmil oQ. The operatul' JC't£'l'tnilled 
till' ti mt' of fu"t'i\'a l of lhe time signal by 
fiutiinA" t lu.' sett ing of the :\iict'odial fol' 
whi(,h tht, "nose" of the tim(' si ~Jlal w:\s 
just bn1'f'I.\· P('l'c(>pliblf'. ill iwnd t ~l r-­

phOllL~ or a 10udsp!'akf'1'. The preci:;;ion 

'----'----'---- """.,""" .. ' ""-, I TOe,.,.. Of " .. DO' 
,.~-

fig .. , . 2. Diagra m of tim. compa ,i. on Ul ing ,h. 
MI«odia l. 

of set lillg by this llIethod is appl'Oxi­
matcly ± r) milliseconds, A time diagram 
of this o)X'ratioll is showll in F igure 2, 
For j!:!'(':Itcr prC'('i~ion in this comparison 
method , n dclCl.'tor, or disphy d('vice, is 
needc,j for inuicHting mol'£' prl'tisely the 
I'cb tion.':iili p h('lw&'1l t hl' i\ l icrorii;t l set~ 
Ling a nd tht' time of tlni val of the signal. 
The :\Ur;tl method is subjec t 10 con­
fusion from inh'rfl'rill~ noisf'S and sig­
m~ls. lind it dej"x:nds upon the hearing 
of thl' operator 1'01' ps tllbli f'; hinj:t" n con­
stant. illtt'!'\'al in mi!liseconds bt'l\\'('('1l 

t he st art of the tinll' puiS<' and 111(' (,los­
ing of the l\ l icl"Odial contacl0r, 

The Comparison Oscillo scope 

A prC!Cision time-intel'val indicatol' is 
!'e~dil.\· u\'aiJaule in the TYI'E 1105-/\ 
Frf'<IU£'llcy ;\ 1C':\sw'ing Equipment in the 
form of tIll' T Yi'~: I I (Y,)-A C'ompnl'i~o lL 

Oscillo::;cope, shown ill I' igme 3. The 
eirClilar s\W~p of l h is cathode-ray ind i­
cator c:l n be dri ven by the frequency 
stalldard at a 8\\'&'p rate of 100 cycles 
IX'r ::'{'conti, which A"iYC>s 1\ li me s('a\t' of 
10 milliS('('(lrl(ls I)CI' l'e\'0\u1l011, with no 

Figu,. 1. Pan. 1 v i.w 
of th. TVIM 1 r09_A 
Compo,i , an 0 .. ;110_ 

I COpe . 

I 
\ 
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, 
.,t:uting tranRic-nt since it runs contin­
uously. This oscilloS(·ol.IC thus provides 
the precision time S( 'ule n:(luiroo for ac­
curate determination of the time of 
urriv:tl of the time sigmtls. All that is 
1't.'<lllirt.'(i is n. kllowledgf' of i he chunt/·te'I·­
iBtil's of Ih(' lime signals ami of t hei r 
appcar;Irl('C us 8(.,('11 011 til{' oscillo.o:cope, 
:10 Ih:1I Il. SUil:lblc method may IJC l'i1OS(-'u 
for usin.e; llll' di .. pla: ... 10 cnlihl'fl lf' till' 
lillU' of arri\'111 of the lime l'ulSt'S. 

Such a met hod h:1ii 1)e('11 in LIS(' here 
at the GClIcml Badio ('0111,,:\1\." for 
sc\'crul !nautili! wi th entil'el." S:lIi>;fa c:­
tury results. This. Ill(.'titod n,'qll il'(O:; t!if' 
rollo\l'itl~ S('Lt inKS of the st'll'clur switch!.'!; 
of the Tn'!:: 11()l:)-.\ Comparison Os­
l'i 1i1);WOP(' : 

«('lBel'LAn SWEEP FI!EQl"EXCY) 
lO 100 ",Vt'k"", :lnd l'EI.ECTUn lO DET,­
~TD, CI nc, ~W. The mdir""ft'ffJuelicy 
time !li,c;nal must thell be recl.:i\'f'(l by fI 

lietCCLOr unit , which m:l,v I){' n Trl'.; 
I 1 Of"".\ , -11, or -C Fr{'(IU1'm:y Tran~ff'r 
C'uit. 01' n radio I'et:eiv(>r, The resulting 
audio signal is supplird to I he osci llo­
~'op(', In 111f' T YI'E I I OJ~A F t'{'(l llelu;y 
.\i(,lIsmin,l( Equipment Assembly, th is 
is IIc'compli~hcd by st't.ting the switch ()II 

II"" T n'''; 110S-A COllp l itl~ Pall('l to 
:-('11'(:1 till' IJ I::T ECTOB ilL 1.(011'), 
.\ I (foJium), or 11 (i~h) fl"('(luenc~', lUI r('­
!Iuir('(l , or EXT. «'xtct·n!l.l) for 1\ S<'p!lml C 
N:,('pin:,r, The audio si~tl!l. 1 wi ll proouce 
:1 radial deflection of the SI'Op(> p:Htf't'n. 
r\dj llstnlf'nt of tilt" ~ I icrrxli!l.l sellin!! 
\\ ill then ,,:try thf' dosint!; tinw of the 
!!aLI' f\() lhat , with the r-. 11 ('HOJ)I. \ i. 
Kwit l'hcd O~ (on tltt.' COlll)ling Panel), 

JU N E , 195 8 

lite' start of the limc sign:d call be seen, 
:md till' dosiHg tinu,' of the t.'Out:lcLor 
can Iw set to It sei(,(,tcd constan t time 
delay aftl'l" t he stInt of the lime sil!n:Ii, 
Although time signals from difT(>I'cnt. 
SOlU'el'ti h:we slill:ht ly differing eh:\ral'­
tel'islle:>, iL iii intct'f'Stillg to 1Iote tha t. it 
is 1)O:;:;il;le to I'{!(lucc many uf lhem lo a 
t't,mplelely titand:trdizcd dlspl:1Y. as 
showll in FigUl'{' 1. 

III this t1i:l~r:lm, the constant timt'­
delay i.s :l milli,,('('onds :lnd lile audio 
si~n:il i .. IOOO (,.\'t"I(~ I){'I' Sl'Cond, Tht"Sl' 
are COJl\" '1l1l'lIl \':11111'>1 :ULd at'l' u::;(.'ll in 
lIlt' C'xamplcs that foliow, Tht' "hoice of 
lUOO l',vI'I,'1< 1'01' IIH' IIlldin I')I\(' is ('011-

\'enit,ut. ht'{':HlSl' ( I ) it is thl' I1llJ(.lulatioJl 
uuw 1111 tlw iilnf' :-;ip:tlnil:! from wwr, and 
(2) it bt,:u·.'\ an illlP~t':Il t'{'latiou"hip to 
tllC 100 .. eyl'lt' !'in'ular S\\{'('p fl'l'(IUCtlCY, 
tints :,.,;,;urill~ II Slntion:u',\' p:ltlet'll. The 
3-millisccond d('lay inler\'ltl is t'h(JS('n 
Ot.'CllltSC ( I ) tlw l\ licrOiliat ('ontal"lor 
mu,:;1 short O)l1 t:).t Il'!lSt a 1)I)rtloli of till' 
lilllt .... :;igmli pltlSt~ or tht'rc \1;11 be no 11';\)' 

to teU WheH ir i~ 8('1 cul't'('Ct ly. and (2) 
the 3-cycle (or 3 miliisl"Cond ) tick \\"hidl 
t'cmains is IOllg ellougiL to give fLlI nmlibie 
pul:->c, which call bl' dis1 illKu\shed IlUl'aily 
from lOost implli",' nniSt" and (3) it. 
provides :l long t'!Iuul!h IK'riod fot' lhe 
signal to huild lip if filters are added to 
reduce noise, 

THE CALIBRATION METHOD IN USE 
N5S Ti ... . SI,ndl. (I', K N,\\'utOl,"(-n'al"ry) 

TIll" tinw IiL/(,U\J~ tUlltrulil'd hy Ihl' l". S. 
Nav"j Oh,..'rl'''t<Jrv !\r,' lrlL1t~lIuttl~1 f!'l,m ~ ta­
lion~ NliS, [0\ BA: find N l'G un II \·"ri"ty or 
r!'l"'lut'TlI'il'~ (.SI~' l'IlrN',1I 1i~th\1( ,.r frt'{flu'u('u'J:! 
IlIId lran"mi"~i,,n ~dH',lul,'" III " , ~. Nav:,! 

CLOSING TIME 0 1' 
MICROOIAL CONTACTOR 

START Of TIME 
............-sIGNAL 

fig .... 4, Ola g, .. ", olllm ... I, .. o l 
dlsplo y on Type 1109· ... Com-
po"'so" Oui llo l<o p. wi,h Micr .... 
dlo t . 0 .. ' ... , ...... , ' 0 clo •• 3 ",il , 
lincond. of'.. s 'em of lim • 

• 1',,01, 

O£I'LECTIOH 

(SET BYOPERATOR\' fj':",~rcff~ 

.~::'f==l''''' ELECTRODE 

ROT.t,TION OF MICFroOlAL \ ') 
TOWtll'lDlOWER TIME ,/-
SETTINGS MOVES VClOSINO 
TI ME or CONTACTOR IN 
OI AECTIO N SHOW,," 

-.100 CYCLE 
CIRCULAR· SWEEP 
BASELINE 
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GEN ER AL RADIO E X PERIMEN T ER • 
OlMrrvlIlOfY buUt·tills). Thl'l!(! tf'IHltffil0;610ns 
l""I>!I~l uf 1\ ""ri,"" of dll:lhl'S lit Ollt .. '<t·l'()ud inter· 
"1:110. {"'lCh d,L'<h lX'ing ll. k('yf'd {'()Tltinuf) u!t-"'lI\·1.' 
blfl:lIl1.l. wunoouilltcd. The«' liml' ~lgn"l~ lIn:"' 
rMIf!.t«l durlllll; t he fi\'I' rninUIl'>l IJri '\'{'(ling the 
hour at Ill\" ",· Iu"u.l.(·d Imw. 

For th(' di~ph.y of litis typ.· o f tunl' ~ III:11 1 . 1 
on Ilw cirl·u[ur .... wl'('p ~'()IIC. 11 h''' '' 'nx lynill ll; 
("'-'Quell":V nlU~t lk· added to provld(, 1111 uudin· 
fn.'(IIII 'IWY Ix'at 1.00W. For 1'11l,C of I'lllihmiion, 
this ht'llt should 1)1' I'l't ,..... 1I1,.,r I ..... I k,· ,,~ I~l~ 
.. ilJk u.\· l"I·f,·t\·n".· t(. , h.' pnll<:'r.1I 1m th.· ('in'uln!'­
~WI'"l'I) ,j('''' l~ ' 1\lth til<' ;\!lI"r.mmJ "llltal'lor Tlot 
"Ilf'Trltillj{. Endl ('yd,· vf Iht, 1...::"1 fn'llunwy I~ 
I It·U I'<IU1II '" \111(' mim.~'f\)nd. but t U' I'x:,,·t 
l,h:l.Sm~ uf II", \·"riou.~ l'y{'ll~ i ~ IL~lmll~' nlll 
~t('j.ly 1'"OUlCh to iJO' u.,;c.'<I fuj IL tllI'W' lim" 
,onlibrnlioll. Th.· di",J.!uI· pl"{",,·1tt/'t1 h.l· '11I~ 
nl\·th,)(1 :11'1,,",lIlt I,h'mklli l" th:" " f 11\1' lIl,o(lu· 
IlItl'<l ~i/(II"I ftom} WWY f,.,..· nI'X' ",,(., Ion) 
1'.'11\'11 th.' M lI"mdinl ('ollt:I!"IOf i.~ (lIJI'flll lfllt "'il" 
1\ 3-mll1i .... ~~HIII ir\lf·tl':l1 hdwl't'1\ "nl>"''''' !lml 
dtJ~i )\,Il: '1m.' tOf \11t" I'ml, ... IM. A Ilhotoltraph of 
l ht' o-4\.·dl'l"''OI)(· ,iI_p!:',\-' of th,· tiruL' ~11t"1t1 frum 
XH~ ,~ ~h"wlI in Fi/i:ul'l' G. Xo\.' tht' fll)lmr"lItlr 
,.",,,., dlll.llf"fHIIIH •• f lilt" lIi.'lllby tOf '·'i l\"lIl"\: I 
with tilt' 1I",,,hll· "~ " I ' I'II')II Ib", 'IU" ,, 11e ... 1I.'r,-
11m,..' rIIlill i~ l"ullllith,t Jl.l)Jy l)I.'ll~'r ill Ih.' "'WI 
~hllwlI ill Fifl;lIft' G. TI .... h,·t'·rodl'uillj{ ftl~ I U, ·IIt·y 
W(I.II p",l·id .. ,1 loy Ih,' I,..ll ·nlllyrw f/"l'(IUl'lIt'l'-
1Ur'f('r ,,~, il\tllllr ill till" TI I·F. 1100 ... n Fn~J\I" n ... l' 
Trllll~fl'r \ '1\It. A lIammnr[uruJ li P-(jOO- X f,o,. 

l'('i l't'r \Io'a..~ \I ... ~ 1 1\>j lUI ('xtl'rlllli d {· ' .... tor. 
wwv TI... . S . .... 1I c~'lt'onal l3u l"(':l1I o f 
~t:ultl:lTtb) 

Thl' ',Il1\' ]lul!K".i fnlm WWV ,"tIl1lpri",,' fiV<' 
l'Omplf't,· ry(·,,".~ of 1·1..· I1II"jwatitm 011 the 
I'Ilfrl,'r (If till' 4:1II1J:lru·f N'QIII'IWy , rlllholl,,>,if)lI. 
lOll "hllwn il) Fill;lIn' 6. Durin l{ till' lnbl t" O 
l1Ii"utl·.~ "r ,,)u~t vr th,' fiv.~mllIUI.· inh·rV,tl.i 
111 nny l{il'('11 hUllr ((,x" "pt {nr tl\!" V:lrj(IU ~ 11I1t·r· 
r llp(i,,,,~ 'lI"hl"<I IIII~1 Sl't' th,' t·urn·ut. hull l, tin 
of Nn'i (,1I1I1 lIur" "1i of SI'III<\ar,III\. 11\1' I'arfh'r 
fI'C{IUI'III'Y IUII I Ihl' tinl\' lirk~ an' ,Il(' "Illy 
fugnnl~ t rllll-mlll,'(1. Tlw Mi"rndia l ... mlll.·t'lr 
~maill~ <II"'" fnt flP I'rfoxlm:l1l'ly 6(l nlll1i"'~'f'nd,.. 
(lr 6 n'I'1) IItl'JII~ uf thl.' drcul:., ~""~']l. Th,·tt·· 
fort:'. thl' h~I""'lilll' of till' ~WN'P is \·l_il)". Ih"HI~h· 
;)lIt thl' ('.\lift· !"ir!'l!' 1'\','1) though tll(· d"fit'clil)\I 
INIV('J; 11<) bwot"lil1l.' during th,' pili",'. If ,h.' 1'011· 
I:l.t"'nf is lIut .,.,t I.CI " hort O\l~ pliTI of tb!" tim" 
.. iltTl:.1 I>ul"", til!" di~]lI!IY i~ ... irnilflr wi,h Ihe 
M il'",d i,,1 '~)IIIIWtOf in or Qllt of "1H."rntioll. 
"xl'I'I)1 ,hl.t '11("1"(' I~ mo rl' lI"i;l(' !lull a hrlj{htt'r 
loa",' lIlt' dl~l'luy .... hl'll lhl' 001l11l,·t"t III 11 ... \ ill u ... •. 

Wh, '" till" 1,1",lOinll: of th.· I'Iln 'n..tor i.~ IId­
j u _,,'d (,1""" t" till' d.·sin·d V~ llll', tilt" ,·"unlt'r­
('[u{'kwi~' <'lId o f th,' 5--('yl'if' ]lui"" will Ix' 
short t'11 (lut fin!\. i f tile Mierodinl iii mt:lll'(\ 

fig ..... 5 . Diog<o ... 01 
Ii ..... ig .. ol 1'0'" WWV 
with MI«odiol co .. • 
locto, ,,01 o,""ol;n, . 

rrom th,· hlgJwt num!.Jt:,.,. 11I11'lml Ih"\Owl'r lIum· 
hl'rs 011 thl' dllll, a .. ~ ~h""'n in Fil:lu'" 2. If till' 
Mic'mdiul i~ ~,' I" 1\11 11II\II"<IIH'r ",·ltmJl;, ,II., 
Cl..nt' .... tJ>r will 111 11'''),11 11, ' 1'0$'([ 1I' lwl! " 111111' 
11\\1-.;\, b tI .... "I\·,~ 1 Mil l no ckfi '"('uoll will It<· 
oi~('I ;I\""t'(\. 

011";- of th.· Jl.d l·"l1"'j{. ~ ," lb,' n'tl.' Qr Ihl ... 
IfH'thod fir tim ...... Ijl:1H11 n~~·ptinl\·liUlI' 1'"lihra­
lion i. that n""lll'I·h· :1{'I·lIm',· "' -,j llits can Ix­
Oi)lIlIUMI ill 'h" 1'1"I .... ·1I(~· of illl('rfl'n'II\"e "tmn~ 
,'rh>llJ,:h 10 Iltl'I"'11I II"" <If tl)(\ "!Lrril'r frl'Que.u·y 
Ilf WWV fuj Ii ~'llll d 'lr.1 frt-quelll'v. Ad1ho'lI­
grhph of til{' T, I'f: 110!J-A Conll,ari.-on ~,·m(}-
1I1·"1H.· {h"piHy 1,11.\'1\ tlml"t "til' l oonditi"l1l; is 
~h<!\\"1\ in Figllr, · 7. Th,' ;n tf'rfpt('II"t' 11"11.8" 1'11",­

hm:llioll of ,"'v.'r:l l ~ iI!"1I1.k lit l.·n,.;t \!III' of 1I"11I<·h 
W:1..~ :UI f'XIlI'riuli'lItli l ]l1I1,,('-lr:lili j{l'lU:rlll ll r ju 
an adj"iu jlll! 1:.U" ru'"r.I·. Thl' tI~"';vl'r 1I"a." th,' 
d"I('('tor ill thl' T 1'I'f: 11QG.13 Fnoqlwn.-y Tr:II,,.­
f"r Unit. 
eMU Ti.... SI,noll ( Dominion Oi.lservatoD·. 
Ottawa. Callatl ... ) 

1'''111' ~i.l!:n,d~ a", tr:Ul~mill('(1 hl' Ihe D(lIuin· 
io" Ol",,·tv ... lory, Ott nl<''', C,,,!:"I,.. h y th .. k'·r· 
illl{ o f lL l(lQt}..,·y,·11' IOfU' 011 till' " llrril'f of ~, ... -
,ion Gil r. T I\I" ~i~n:\l~ "..... IUIIII; d ...." h.·!1 of 
100I.J.., ·~· ... ](' ~ij{lIl1l~ nll('(.· I':lch 8I.,t"OlIlI, l Ito' lillll' 
hdllg aliliflunl·,· .. 1 ill Vl)il'f' uft.('r t he fifti"'h 
...... '"()nd o f ('lll"h millut,·. Till' l(j()()..,·yci(· nlfldu­
I"till!.' fr''( lu .. m·~· j,; t' ~t:'lId llrtl frl.'ljuclU·Y, ,,,,d 
tlw kl'ying J ' ·vir,· ;o;'[""1~ a t'tI11,;'ant. ~l'Lrlinj{ 
phllw for th.' m,"tllllllilllC 11II1'I!'. Hf'nN) ":I<"h 
mntilllfl'inn ('yd,' tt 'prl ',...·JI \.I! Oil., m iW:lCt'()\ld. 
Tb{' dbp!"y nf I hi.~ _ij{mtl i ~ RlI"uin prnl·tjc:t lly 
11I"ntl('al with Ilw Iln" 'f"tling '1\"O f'xlimpll':o\.II.!I 
~holl·Jt by th,' (.I>I,·d ""t~ 'I)f' 1,i1nlngrfl "h (I f I'll!· 
11("(' 8. S"lm.' illtf'rf"' n 'lll~ i~ :1 1"JlIN'lIt in Ilris 
p hol '-.gr!lllh, th.· lWflt nnl l' ~11fIwn ari,.iog rrom I' 
I'Ommt'ma! .... ()rnmlllli,·ttli()111 tmn~miUcr nil all 
:uija('Nlt ("hllolll'l. Thi~ ~ill:l1:l1 WII! t{'1."t'ivl'(l Oil 
'hI' T,,'.~ 1100-11 F'ff'f l lldU'y T rllll:<ft'r l ·nil. tI 
....·gl'n .. rath·p dd""IIlr A ~k (·trh (If t he o, ... m" .. 
~1't")1'" di"p"'y rlilrillll; ,hI' "on" 11I'rind of thl' 
Cl U linl\" ~ignlll ic ~h'l",lI;n ,'ilelln:"' O. Ihe 
'li"rodiflll~UI ' :l\"tl\ r l"'illl{ ~"'; ' I·hr"(l l)ff. Ffl mili· 
llrity wilh th i" dj~l)l:ly ('1I1Iblt'll CU-l!y rt'COgnitioli 
1l11d lunin,!:-in nf 'h,· time s ill;nll1. 

FI' ...... 110. NSS, 9 .425 
Me, 14S6 tST. 

fig ... , . 7 . WWV, 10 
101., 1437 EST. 

FI, \H.'. CMU, 7.335 
Me. 1424 UT. Pholog.oph, 01 11 ...... ig .... 1 di.plor ' 

0" Tr,.. I I09-A Compo,hon Olcillo_ 
leo .... 01 eo ... btldttt , Mo .... D • •• m­
Itt, 19. 1957 . h". i ........ allh. Ty,.. 
11()6...8 F •• q ...... y T,o .. ll .. Unit . ~ . 

up! lor fIg .. ,. 110 wh ... F .. q ..... ey 
T.onll., Unll luppU.d h. ""odY"'ng 
' .. q ... ~.y for SP. 6QO.JX .... i ... , . C) o 
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, 
Fig" •• 9. Diagram ., elil­
ploy duri ng " on" ... , locI 
of tl .... I isnol I,.m CHU 
(Domllll.", Obl_olory. 
Ottowo,Co .. "do), lh.wlng 
10 ." .. olly spou d In,o .. ol. 
.f 1 ",lUi.ocon" • • do, .or· 
r • • pond l ... I. ,h. mod ... 

''''ionl .. " ... " • .,.'IOOO'-' 
(100 ..... . .. p ....... . p 
, .. ""o ney). Mlcrod; .. 1 
I w itch. dOff.Tho phallnt 
.h.w .. ho •• I. a,bltto" . 

Calibroted Sto le on Oldllo5cope 
A uS('flll ~ddiliol1 10 t ll(, T \"I'~: 1109·/\ 

Comp:lfi,,;oH (},Il"ill(l""OI><' i.~ ~\ I'ltlibr:i.tro 
SCllll' ('l1gr:lV('(1 on a s:h{'{-I of trtl1lspa l"('IlL 

pla.'lI;\, muttri:.! , whiell if;. pl:u'NI lwxt to 
lli(' farc of til(' l)S{'illt)l'l'opc tllhl', T hit! 
seall', Rhowtl in Fi~un' 10. h:l~ 10 I'qui­
unp:ular diviHiom~ lUll! rt compll'll' d.-de, 
wil leh i:-. IlR,"{) as :l t:\ I'j.!;l't 011 whk·h to 
aliJ!;11 j hl' drCllbr $1I'1'(' p . 

E:I('h 11'111 h of I he ein'l llnl' i'11'f'CIl circle 
I'cprC'I.'{'I1I:" Oll{' Iwllllli milli:;t'I'ont\ of 
lim!' :I."l (;ounj~1 ojT b," thl' frl'qucncy 
st:lud:lrd, !\O Ihal this R('all' nil! hI' uSNI 
dif('t,tlv 1151 n mill iscl'oJ1(i \"'I'niel' ';1'31e 10 

1'C':1(1 I')('\\\'("t'll Ihi' l()..milli~'I'(ln,J ('ali· 
brnlion l)Oinl!< on til[' i\ lkl'(l(iinl. ~in(;c 
till' i\W('t'Jl "011:\1£(' i:; not adjui;tahl(' in 
p!UiS(' for synchronism \\'ith lll(' 1'!lli· 
hrah_ ... 1 dh'iRioll:'l of tlu' l' l icr()(lial. :l.n ar­
hitnuy Z('TO J>oiut m .. ",t IX' 1'5lal)l i$hod. 

Use of Sele cti .... e Filters 
"'hI'li ('IN.' lril'll! noiS<' and illt('l'fl'n'lIco 

al'C hC:lVY, thl' uS(' of sell't·ti\,(' fiitCN\ may 
imprQw the 8ijtnll\.1 C1-uoiR(' m I io. F ilters 
can alRO ht· \L~ to scll'('t t he I illU'-signa l 
('omlwnell\ of Ilw \VWV tl': lllRmission 
durinL; jmnsmissioLl of the sl:uld 3\'d 
:w dio tOIH' !:'iL;nals. In (':teh CIISt~, it if! 
p&;.('tlti;IJ to dCl(' rmi llo t he ti mt· .. d l'lay 
intmdl\Cl~1 hy 'hI' lI:;e of the lil\('l' in 
un/PI'to Itt' :thl" to l'I'Il\OV{' l h{' :ldditiolla l 
errol' frum Ihis SOUl'CC, Thi>! pl'Ohl{'m is 
important mnin l," in thp NiI!lhli;<h n\C'nt 

FIg" •• 10, P I ..... m .. 1 ............. "1 .... 1. und .... Typo> 
1109_A C .. mpo.lo .. " O .. I11 .... op • . 

JUNE , 19 5 1 

of lH:curalp timc fo r lim~f-()c('urrCI\CC 
m L':lSllreIllI'JilS, S11ll'l' thc lilll{ .... c:I('I:t~- of 11 
p:i \'cll filter would !ill iJtrJICt 0111 ill:\ tim!. ... 
inten'al me:l:<urem(' I1 \ such tiS is USf'<.1 in 
fn'qu('nc,\' stalllJardiztltiQll, 

Tht' cireul:lr..f;wl'('p o.'wilh.""OI)(' dis­
piny pro\'idf'!o; a l>implc me:uts for dwl'lo;­
in~ thc filter timl'-(il-In,\' , ! f till' tinl!' s iv;· 
nuts ('lm he rt"l'('in'(l without 1h(' fi\t!'r, 

then a quick I'II/'('k of til .... displilf timl.' 
with nnd without Ihl' filter J'.\\"itdll~1 into 
the eircuit v;ino;; Ihl' d<.'!'il'l'l/ dl'laY"lim{' 
c31ibmlion d irf'dly. 

For e"ampl,', \111' \'I-Yl>tn l fi\t<'r of iILe 
SP·fOO-,JX l'('t'l'in'r ill u};!' ill 010' fl"\­

qU{'IWY ,;llIm!:.rd I"unm :IPIJI'tU1\ 10 in­
tI"0(\1II; (' ;lppmximal,'I.v OJ. rn i lli';I~'orld 
delay when rh(' ~ . .'Il'C l i\"ilr is s\\'itl'II(~1 
from 3 kc (,, 1:11 nut) to \.:) ke ( \ttd in ). 
This Cl',rSlnl !ill{'1" C:llI be uiil ... 1 10 sup­
press the si llgil--siti('bllnd Ion'" I rlllls.­
missiou ot' wWr, IC:l\'in~ Ihe tinll' ,;ia: .. 
Ilals in thl' cleM during Ih{' C'ntirC' fi\'{'­

minute pC'riod. 
TIl(' use of 3. S{'1(o('li\'c lillflio Iilll'r 

:Lheau of the ;\ l it'I"()(lia l ('nlll:It'Wr IIlar 
rCtiult ill some uni;;( ... pulS( .... indul'{'d riu)! .. 
ing oi Ihe filler. This l"olldiliol1 i .. im .. 
pn)vf'(1 slightly by jJbct'nu~nt of the 
audio filt('r ill tlli' {'ir{'l1it. foliowiull: liIl' 
l'li{'rodial (,O!lt:"lrIOr. J'.inc{' the numbel' 
of large noise fJlI\,;~-:; t·ominJ! throu!!11 ,ILl' 
open "gal ... " is I(os:; Ihall the tol:11 I1UI11-

ber of noise puiS!,", nht'llu of IIII' "ll:tl l(' ," 

Di sc ussion of Results of Un of This 
Method of Co libration 

The dial 1 '(':ldill~s of tht' l'1h-rndiIlJ 
cun IJp {~litirn:I1PtI 10 0,1 division oj thl' 
(\i:"I.I . The :U'I"tII":ll'Y uf till' , 'st i1l1:111' d('-

11l&"SPA!'IOI' PL.o.stC 
5C.\LE.. TO ~IT 1109-. 
()I)NP"'II!SON 
O$CII.LOSCO"r 

1116' I'\.EM\Gl"'S 

\ <:; 

• 
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GENERAL RADIO EXPERIME N TER • 
1)(,llds upon the uS(' (If a 1'Iamiarci dirN'­
lion of nppronch 10 111(' :-.('111111( I>oinl and 
th(' liS(' of the nrnif'r :«"[11(' pro\'iliC'ti by 
IIIf' OS<."illoSCOI>C as dt'$'riilt'(l :\1>0\'(' , I n 

,l(l'l1ernl, the dinl r('adil1~ m:1(I!' hy this 
IIlNhod htlv(' ('\hibiwd 1\ t'on .... istell('y of 
bt'llcr than ± 1 mi1li:;('t'orltl. This d~r('(' 
of r('\iability i'i ud('(IUn1(', "im'f' the I illH' 

"i!!:llnls show:l. proP:W:atiI)H-(':III<;('(1 nl.ri­
ntion <;t)m{,tilllt's !l .. ~ p:rf':11 :L~ ± I milli­
!"l'('ond. In p;('fJt'ral. til(' stahility of til{' 
arrival tim(' of Ill(' timf' "il!;lIab; IS \)('ltcr 
Ihan ± 0,3 lllilli,;N'oml. 

OVf'r th(' pa.."t ft·\\ tIll)lIth", (':dihrution 
of til(' (:('Jl('rul lbtiio workin,l( fr{'(llI('n('y 
l't:lild:nd 1m, .. h{'('u I'url'i, ... ! 0111 by this 
Ilwthod wilh tI pn'{'[sjnll t'll1in'I~' ade-­
qllal I' for pr(,(,j,,{, fl'('(III('Ilt',\' IlW:ISUl'cmcnt 
of ± 1 x 10" without (,()fn'('lion for th(' 
\'a1'iutions in 1111' traJl"mr ....... 1()1L lim(' of 
Iht, limp giJ(ll:1k H,Y l:lkill,1( 111'1'011111 of 
III(' ('orr('('tiOIl" prm'icl{'(! by Ihf' l', ~, 

Xnml Oh:;.f'r\'ulor)" Wa ... hillgtoll, D, C" 
il i" I)(»;. ... ibh.· to impro\'l' this fiR;ure, In 
any ('a..<;(', this ('lllihratioll mNhod pm­
\' itlf':oo a locnl tin\(' :otlllldani. incl('lK'ndcnt 
of radio prOpI\~:lli()1l tonfiiljnlls, with ft 

:ojll1pll', r\(,(,lIrat(', ('iw('kinc: mNbod ror 
UN: whcn radio l)rI)l':IJ!;:lIion j'onditions 
arl' ra\'orahl(', to :\llIm tlir('{'1 ('!\Iihration 
by ('omparison wilh f'xl('rnally n\'ailablc 
I'landnrd lim(' si~n:\I.,. 
An " Emergency" Method 

The display Il\etlllxl tlCS(:ribcd nlx)\'c 
a"'~lImf'5 I)o:o.~ ... ion of a {'(1Il1pINC Tn'l': 
11()()..,\P I'rirnury F I't'<lllf'Ilt'Y ~Ialldard 
with Tn'E 110,')..A Fr{'(lu('Ul' ,\' :\ I('a..<;IIr­
inp; Equipm(,llt ,\8.;;o;'l11hl,\', \\'11('11 onl,v 
Ill(' TYn liDO· \1' Prim:!I'.\' Frf'flu(,lwy 
!-'t:lIltlard i~ u\':1il:lhl(', IUl 1J~:illo:OI'upi(' 

General 

~CYCl,.UOl'''' 
1 .......... 1[ 

1l.-i'-T"r ...... E" .. .. 

"'c-:u .... CC»o'OC'oor 
Cc.0S;., ''''IE, 

~' .-f.-'r-f-4-.L 

- -----"'.o-cour HllI'K 

Fill"'. 11. Oioll,om 01 O. <iIlO H Ope d i .p lo~ 0" co .. • 
~.,,'io .. o l o. clllo"0F", l how lnll ) · mll ll ••• o .... In •• • • 
val of modulo •• d pul •• b . ....... n .. no .... of pul •• ond 

clOli .. g of con'oel ... , 

dispby ('an be ma.t!(', indl'p!'ud('nt of Ihl' 
l'ir('ular sw{'('p. hy a Sf't I illl!; of Ihl' :\ I i­
I'roc:lial to ('hop ofT lh(' rt'fluin'(l part or 
th(' tilll(' signals a .... shown on 1\ ('1111\'('11-

tional QS(:illoS('olX' with, for (,\llm pl(' , a 
(i()...('ycJe silH: .... wa\'f' S\\'('('!l on tht, hori-
1.ontal plalC'!> and a !<mall aml)lJHt of 
GO-eyele sine W:\\'(' add('(1 10 til(' \'I'rti('al 
dcflef.'tion !<ic:na.1 a.lonp; with Ihr timl'­
sip;nal input. The "nOS(''' of th!' tin\(' 
pul.';(' will lhen Ix- \'i~iblf', us it is 1111 the­
cirt'uiar ';W{'('P di. .. phy with standard 
SI\'('('1> r:lt(', th(' t1ilTj'r('IIC'e Iwillj.t Ihat 
IhC'rt· is no a('('urat(' \'('rlli('r "p;:lil1-or­
loss of tim('" s('ull' on tli(' ,;('01'(' Thc 
modlll:1l('d time .'Si~nal!1 from WW\' and 
('Ill' permit ea,'<i ('1' u,.;(' of Ihi" di,.pla\' 
than do Ihe ('-\\' puIs(' t,\'P(' of sij.tlml", 
A skf'l('h of 1111 ost'illo!"('opf' di,.;play of 
thii' "('II\NJ!;I'II(,Y" di ... pl:\~' nWllmd if.; 
shown ill Fi~Hrf' I I. 

- FltA \ K n, I.U\ I'" 

Radio Company 

... ::' 
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