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Compar"ng tim signals 
wilh the Type 1100-A'P 
PrimaryfrequencyStandord 
in the General Radio lobo­
rator es. The Compa .. ison 
Oscilloscope is at the top of 
the rock directfy i'n front of 
the observer, who adjusts 
the Microdial as he watches 

the oscilloscope pattern. 
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STANDARD TIME SIGNALS 

Improving the Accuracy of Comparison Between Radio 
and Local Time Standards 

Many of the activiti s a sociated wi h 

the I nternational Geophysical Year re­

quire accurate time and frequency stand­

ardization . It is frequently d sirable to 

have a local time-and-frequency stand­

ard, for use when radio r eption is poor 

or when local timing equipment is to be 
operated . Standardization can be ac­

complished by a comparison of the time 

indicat d by the local tandard, such a 
th TYPE 1100-AP Primary Frequency 

S andard, with the standard radio time 

signals transmitted by national agencies 

in the United S tates and in other coun­

tries. These signal con i t in part , of 

pul es, dots, or dashes at intervals of 
one second. This article describes a 

method of measurement of the time of 

arrival of time signals with a precision 

of ± 1 milli econd. 

The Local Standard 

The TYPE 1100-AP Primary Fre­

quency Standard comprises a quartz 

crystal o cillator op ra ing at 100 kc 

and a fr quency divider chain with out­

put frequencies at 100 kc, 10 kc 1 kc, 

and 100 cycles per second. The 1-kc out­

put drives a precision clock (the TYPE 

1103-A Syn ronometer), in whi h is in­
·orporated a conta tor that opens and 

Figure 1. Panel 
view of the Syn­
cro n o  mete r .  The 
Microdial is at the 
right of the dock 

face. 

closes once per second. 'I'his contactor 
is adj us table in µhas , or time of op ra­

tion with respect to th clo k shaft, in 

�u ·h a way that th clo ing time can be 
t at any value' ith re pect to an arbi­

trar:v zero, from 0 to 999 millisecond 

and on around, through zero, into the 

next second. A calibrated control, call d 

the Microdial, i provided, which is 

graduat d in IO-millisecond increments 

from 0 to 100 in 360°, or 0 to 1000 milli­

seconds. 

Calibration 

Th calibration of a time or frequency 

standard by ref crcnce to radio time sig­

nals requires a scrie of mea urcments of 
the time of arrival of andard ime ig­
nal pulses over an extended period of 

days or weeks in order to reduce the 

errors in time-signal reception tim , to 

ne ligible proportions. In the m a urc­
ment the audio fr quency dash or tick 
in th radio rec i vcr output is compared 

with a timed reference signal from the 

local source to be calibrated. For ex­

ample, let us assum that th standard 

time signals are re· ived at a setting of 

26.3 on the first day, 26.4 on the second 

- to 27.3 on the eleventh day. Thi, 

represents an increase of the Microdial 
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reading of 1 division in 10 days or 10 

milliseconds, which is 1 millisecond per 

day gain. Each day consists of a total of 

86,400 seconds (mean solar time). This 

figure is approxi1natel 105 seconds , or 

108 milliseconds, per da . 'ince the fre­

qu ncy-standard ·lock is gaining at the 

rat of 1 millisc ·ond p r day th ·lock­

oscillator frequenc (local frequ ncy 

standard) i · running approximat ly 

1 · 10-8 too hiuh in frequency, and is 

constant in .frequency. If the l\lliero lial 

s t ting had gain d, or lo t, time at a 

rate proportional to he quare of the 

elapsed tim , the frequency of he clock 

o ·illator would hav b n changing at a 

constant rate of increase p r day . Thus it 

is pos ibl to compar local frequency 

standards with standard im ignal for 

calibration of both frequenc and ime 

in di cations. In ord r to achi ve the de­

sired preci ion in th use of thi method 

to calibrate the TYPE 1100- P Primary 

Frequ ncy Standard, it i nee s ary to 

u the Microdial contactor with an 

oscilloscopic indication of the time 

signal. 

Use of the Microdial 

As riginally contemplated, the Mi­

crodi 1 con ac or \ as used a a phase­

abl gate, whi h 1 ta time ignal through 

\Yhen it was open and shorted it out 

when dos d. The operator determined 

the time of arrival of the time ignal by 

finding the s tting of the l\1icrodial for 

\ hieh the "nos of the tim ignal was 

just barely percep i ble , in head tele­

phones or a loudspeaker. The preci ion 

TIME ­
' 
I 

CLOSED CLOS CLOSE 0 
LOPEN f '-OPEN ; 

MICROOIAL CONTACTOR 

r I I I CONTACTOR TURNED TI>WARO CL.OSED 1�>-=cL=os=Eo� 11�<--- EAR'UE:R TIM£ I LOWER 
NUM8EAS ON DIAL) 

CONTACTOR SET SO ONL'I' I'-----�----�-- THE NOSE OF TIME DOT 

IS HEARD. 

Figure 2. Diagram of time comparison using the 
Microdial. 

of s tting by this method is approxi­

ma t ly ± 5 milli econ l . A time diagram 

of this op ra ion is shown in Figure 2. 
For greater pr ci ion in thi compari on 

met hod, a d tee or, 01· di play d vi e, i 

needed for indicating more pre ise]y th 

relation hip between the Microdial set­

ting and the tim of arrival of the signal . 

The aural 1nethod j ubj ct to con­

fusion from interf ring nois and sig­

nals, and it depend upon the h aring 

of th op rator for establishing a con­

stant interval in inilli cond b twe n 

th start of the time pulse and the clo -

in g of the l\1:icrodial contactor. 

The Comparison Oscilloscope 

A precision time-interval indicator is 

readi ly available in the TYPE 1105-A 

Frequency Mea uring Equiprnen in the 

form of th TYPE l 109-A Compari on 

Oscilloscope, hown in Figure 3. The 

circular weep of this cathod -ray indi­

cator can be driven bv he frequency 

standard at a sweep rate of 100 cycles 

per second , which gives a time scale of 

10 millisecon ds per revolution , with no 

figure 3. Panel view· 
of the Type 1 1 09-A 
Comparison Oscillo-

scope. 

1 
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tarting transient since it runs contin­

uou ly. Thi os illoscope thus provides 

the pr cision time scale required for ac­

cura e determination of the time of 

arrival of the time sicrnal . All that i 

required is a knowledg of th charact r­
i ti of the time sicrnal and of th ir 

appearance as se n on th o cillo op , 

:so that a suitable m thod may b ho n 

for using the displa to ·alibra th 
time of arrival of the time pul .. 

Such a method ha b n m u h re 
t the G neral Radi Company for 

everal month wi h ntir ly sa i fa -

tory r suits. Thi m thod require the 

f ollowincr t ing of the elc ·tor switches 

of th TYP • 110 -A omparison Os­

cilloscope: 

(CIR LAR WEEP FREQlIENCY) 

to 100 eycles, and ELE TOR to DET.-

TD. CIRC. W. 'Ihe radio-frequency 

time ignal mu t then be rec i d by a 

de tor unit whi ·h may be a TYPE 

1 1 06-A, -B, or -C Frequ n · Tran f r 
Unit or a radio re eiv r. Th r ultiI g 

audio signal is suppli d to the o cill -

._ ope. In the 'I YP · 1105-A Frequency 

Measuring Equipm nt A emblv thi 

i accomplish d by se ing the swit h on 

the TYPE 110 -A Coupling Panel to 

lect the D " TOR at L(ow) 

� 1 (edium) , or H (igh) frequency as re­

quired , or EXT. ( . t rnal) for a separat 

r ceiv r. Th audi ignal will produc 

n. radial d flee ion of he scope pa t rn. 
dju. trnent of the Microdial tting 

will then vary the closing tim of th 

gat o that wi h the MI RODI L 

\Yit heel ON (on th Coupling Pan 1), 

Figure 4. Diagram of time-signal 
display on Type 1109-A Com­
parison Oscilloscope with Micro­
dial con tactor set to close 3 mil-
iseconds after start of time 

signal. 
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the start of the time ignal can be seen, 

and h ·lo ing tim f h co1 actor 
can be et to a 1 on tan time 
delay after th tar of the im 

lthough time ignal from cliff rent 

ur ha lightly differing charac­

t ri ti· , it i int resting to note ha it 

i p ible to reduce many of them to a 

completely standardiz d displa as 

hown in Ficrure 4. 

I n  this diagram th con tant time­

d lay is 3 millise ond and the au dio 

ignal is LOOO cycles p r econd. rI he e 

ar con. vcui n i values and ar u d in 
the xa1nplcs that follo\\·. Th ·h i · of 

1000 cycles for the audi ton i con­

venient becau · (1) ii i th m dulation 

ton on the tim ignal from \VWV and 

(2) it b ar an :integral rela ion hip to 

th 100- ·l ·ir ·ular weep fr qu ncy, 

thu a uring a tation r. patt rn. The 

3-milli delay intcn·al is chose n 

b (1) th- Mi ·rodia1 con actor 

mu a leas a portion of the 
tim - ignal pul or thcr will b n way 

to t 11 when it is t corr ctly, and (2) 

he 3-c cle (or 3 milli ·ond) ticl.r \ hi h 

remains is lono- nouo-h to giv an a idible 

puls , which ·an b di tinguish d aurally 

from mo t impul noi , and (3) it 
pro vid s a long nough p ri d for the 
sio-nal to buil up if filter are added to 

r due noi 

THE CALIBRATION METHOD IN USE 
NSS Time Signals ( . S. Na.vat Ob· rvatory) 

The tim ·igu l · con r lled by th . S. 
Na val Observatory an· tran mi t d fr )ffi ta­
tion NSS BA, and PG on a v::iriety of 
frcqu n i - ( · ·urren li.·ting of frcquPncie 
and ran mi. �ion h dul 'S in . � .  Naval 

START OF Tl ME 
�SIGNAL 

DEFLECT JON 
-ELECTRODE 

_100 CYCLE 
CIRCULAR- SWEEP 
BASELINE 
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Obs rvat ry bull tins). These transmissions 
consi 't o f  a series of da h at one- econd inter­
vals, ea h dash being a k 'ycd continuous-v;ave 

ignal, unmodulated. These time signals arc 
radiated during the five minutes preceding the 
hour at the scheduled time. 

For the display of this type of time signal 
on the ircular- we p cope, a heterodyu ing 
frequency must b added to provide an ·mdio­
frequency beat tone. For ea. e of calibration, 
thi b at should b set a near to 1 kc a� po -

ibl by rcfrrence to th patt rn on the cirC'ular­
sw ep scop<' with the Microdial contactor not 
op rating. Ea.ch cycle of the beat freq UC'll<'Y is 
then equn.l to on milli � cond, but the exact 
phasing of the variou·· y 1 i · u. ually not 
steady enough to be used as a dir c time 

alibration. The display prcsC'ntPd by this 
method appC'ars id Iitical to that of the modu­
lated . ·ig nal from WWV (f: e next secti n) 
whC'n the MiC'f'odial C'onta<"tor is operatinµ; with 
a 3-rnillil4C'<' 1 1 d interval b 'tWe<'n "no e" �u1d 
clo:,::ing tim<' of the C'ont; ctor. A phot graph of 
the 01-Jeilloscope display of the time signal from 
N • is ·hmvn in Figur • 6. Note the appasC'11tly 
exn.C't duplication of t.h display of Figur 7 
with the notable exception that the signal-to­
noise ratio i. · considerably hett r in the' case 
shown in Figure 6. Th h terodyning frpq uPncy 
was pro vidC'd l y th(' heterodyne frequl'n •y­
rnctC'r O.'c'illator in the TYPl'' 1106-B Frcquen y 
Tran. fer Unit . A H ammarl und SP-600-JX re­
ceiver was used as an external detector. 

WWV Ti me Signals (National Bureau of 
Standards) 

The time pulse. from WWV comprise five 
omplcte cycl . f 1-kc modulatibn on the 

carrier of the standard-frequ n y tran.'mii-vion, 
as i:;hown in Figure 5. During the last two 
minut of m t of the five-minute intc>rvals 
in any given hour (cxc pt for the various inter­
ruption.· scheduled - sec the current bulletin 
of National Bur au of tandards), the c ·arricr 
frequency a.nd the tim<> tick.' ar the only 
signals trani-,mittcd. The Mier dial ·outactor 
remains open for approximately 50 milliscC"onds, 
or 5 r •volution of the circular 'WC'<'P· Th<>re­
fore, the bn.8 line of the weep i8 vi iblc thro ugh­
out the m1tir' circle even though the deflection 
leaves no baH line during the pulHc>. If the co11-
tactor is not . ct to hort out part of th' tirn 
signal pulse, the display is similar with th' 
Microdial contactor in or out of operation, 
except that there i m re noise and a brighter 
ba:·cline di 'play when th ontaC't r is not in us<'. 

When the phasing of the C'Ontador is ad­
ju tC'd clos to th d<>sired value, the count<'r­
clockwisc end of the 5-cycl pulse• will be 
shorted out first if the Mi rodfal is rotated 

Figure 5. Diagram of 
time signal from WWV 
with Microdial con­
tactor not operating. 

from th<-' higher numbers toward th• lower num­
b r on th dial, as sho"·n in Figur. 2. If the 
Microdial is .'Pt to an impropc ·r ,'('ttin r, the 
contactor ,,.·ill alway. be lo· •d when a. time 
pulse is received :.i.nd no deflection will b<> 
di play d. 

One of the advmitag(•i:; of the uHe of this 
mC'thod of tirn<•-signal r<>c ption-tim.e calibra­
tion is that rclativcl ac ·uratc n�sults can h 
obtained in thn prC' ·c11co of interference strong 
enough to prevent use of the carri r freq uen<'y 
of WVl'V a a standard frequency. A photo­
graph of th TYPE 1109-A Comparison 01::1cillo­
scopc di play tu.ken under Ruch condi tions is 
shown in Figur<> 7. The interf r n wa a com­
bination of evC>ral Rignals, at least one of "'hi h 
was an exp 'rimental pulse-train generator in 
an adjoining laboratory. The receiver was thl' 
dete tor in the TYPE 1106-B Frequency Trans­
fer Unit. 
CHU Time Signals ( Dominion Observatory , 
Ottawa, Canada) 

Time si�nals are tran mitt d by the Domin­
ion Observatory Ottawa., Canada, by the key­
ing of a 1000-cycle tone on the carrier of sta­
tion CH . The signal· arc long dashe. of 
1000- ycle signal8 once each second, th. time 
being amt Ull<'<'<l in voice after thC' fiftidh 
second of a.ch minut . Th '  1000-cycle modu­
lating frpquency is a standard frequency , a.nd 
the keying devicf' s<'l<'cts a constant start ing 
pha"c for th modulating pulse. Hence each 
modulation ryclc represents one millisecond. 
The di»play of this signal is again practically 
identical with the preceding two examples, as 
shown by the oscilloAcop photograph of Fig­
ure 8. Some int rfcrcnce is apparent in thi 
photograph, the heat note shown arising from a 
commercial communications transmitter on an 
adjacent channel. Thi" t:1ignal wa rcceiv d on 
th TYPE 1106-B Fr£>qucncy Transf .r Unit, n. 
regenerative dC'te<'tor. A k tch of the oscillo­
. cope display during the "on" period of the 
CHU time signal is shown in Fip;ure 9, th 
:\ficrodial contactor being switched off. Famili­
arity with this di play enables easy re cognition 
and tuning-in of the time signal. 

Figure 6. NSS, 9.425 
Mc, 1456 EST. 

Figure 7. WWV, 10 
Mc, 1437 EST. 

Figure 8. CHU, 7.335 
Mc, 1424 EST. Photographs of time-signal displays 

on Type 11.09-A Comparison Oscillo­
scope, at Cambridge, Mass., Decem­
ber 19, 1957. Receiver was the Type 
1106-B Frequency Transfer Unit ex­
cept for Figure 6 where Frequency 
Transfer Unit supplied heterodyning 
frequency· for SP-600-JX receiver. 
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Figure 9. Diagram of dis­
play during "on" period 
of time signal from CHU 
(Dominion Observatory, 
Ottawa,Canada),showing 
10 equa I ly spaced i nterva Is 
of 1 millisecond each, cor­
responding to the modu­
lationfrequency of 1000,_, 
( 1 0 0,....,_, s c o p e  s w e e p  
fr equen c y). Microdial 
switched OFF.The phasing 

shown here is arbitrary. 

Calibrated Scale on Oscilloscope 

A us ful addi ion to the TYP •' J 109-A 

Comparison illo cope i a ·alibrat d 

scale engra ed on a sheet of tran par nt 

pla tic m t rial, '' hich is plac d next to 

the fa of t he oscilloscop tub . Thi 

cal , hown in Figure 10, ha 10 qu1-

angular divisions and a cornpl t ·fr le, 

whi h i used as a target on "-hi h to 

align the cir ular swe p. 

Each tenth of the cir ular. '\Yeep circle 

represents one a tual milb. econd of 

tim a. counted off by the frequ ncy 

tandard so that thi scale can be us d 

dir ctlv a a rnilli econd vernier Reale to 

read bctwe n h 10-milli on<l cali­

bration point on the 1ic;ro lial. inc 

the swe p voltag i not adju. tabl in 

phase for yn hronism with th ali­

brated divi ions of the Mier dial, an ar­

bitrar. z ro point mus b c t ablished. 

Use of Selective Filters 

When le trical noise and in crfcrence 

are heavy, the use of scl t iv :tilt rs may 

improv the signal-to-noi ratio. Filters 

can al o be used to lect th ime-signal 

comp n n of th WWV transmis ion 

during tran mi ion of he standard 

audio t one io-nal . In ach case it is 

sential to d t rmine the t imC'-delay 

introdu ed by the u e of the filt r in 

order to b able to r move th addi ion.al 

error from thi ource. Thi prol l m i 

important mainly in the tabli hm.en 

Figure 1 O. Diagram of transparent scale used on Type 
1 1 09-A Comparison Oscilloscope. 

JUNE, 1958 

of ac urate time for time-of- currence 

measurement in · th ime-d lay of a 

given filter would ub ra t out in a tlm -

int rval measuremen uch as i u l in 

freq ucncy tandardi za ti on. 

Th circular- w cp o cillo cope dis­

play provid . a imple mean for ch ek­

ing the filter time-cl day. If th tim si -

nal an b r ccived \vithout the filter 

th n a quick heck of the display time 

with and witho 1 the filter switched into 
the circuit gi,-c the desired delay-time 

calibration directly. 

or example the crystal filter of the 

P-600-.JX r 'C'i vcr in u c in our fr -

quen y standard room appear.' to in­

troduce approximat 1 0.5 milli (' ·ond 

delay when the ele ·tivit i witd1 d 

from 3 kc (xtal ut) to 1. - k (x al in). 

This crystal filter ·an be t d to up­

pres the ino-1 - ideband t one tran -

mission of vVWY, 1 a ·ing th t im" sig­

nals in th 1 ar during the entire fivc­

minut p riod. 

Th us of a elec iv audio fLltcr 

ah ad of the NLicrodial contact.or may 

r ult in om n i e-pulse-indrn·pd ring­

ing of h filter. Thi condition i · im­

proved slightly by placemen of th 

audio filter in the c;ircuit f ollo\\·ino- th 

Microdial conta ·t or since the numb r 

of large noi c pul cs comin 7 through th 

open "gate" i. le than th total num­

ber of nois pul e ah ad of the "gate. ' 

Discussion of Results of Use of This 
Method of Calibration 

Th dial rcadinc:rs of the lVli rodial 

can be estimated to 0.1 divi.i n f th 

dial. The accurac, of the . tima de-

lO LINES EQUALLY 
SPACED(36° APART)_ 
LINES AND CIRCL6.--
APPROX. I /64 WIDE 

TRANSPARENT PLASTIC 
SCALE. TO FIT 1109-A 
COMPARISON 
OSCILLOSCOPE 

1/16" PLEXIGLAS 
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oft :-;tund rl 

hi 

f 

past 1 ·w _mun h.·, ·alibr 1on 

nil adi w )rkincr fr qu nc. 

·arri 'J out by tl i 

MICROOtAL CON,.ACTOR 
C OSI G -1wE 

�CYCLES OF IKc. 
(TIM PULSE 
f'R WW ) 

60-CYCLE ELLIPSE 
Figure 1 1. Diagrgm of osc"lloscope display on con­
ventional osdlloscope, showing 3-millisecond inter­
val of modulated pulse between "nose" of pulse and 

closing of contaclor. 

i ·play e n he n ad . in<l 1 n<lent of th 
l'ircular . w ing of h �Ii-

un of Pr iul t r q11ir d par f 
th l"OIT 

• ra\·� l Ta.·hin tc n, D. 

it i.· r irnprO\' thi. firrure. In 

� ny ·a.· . lhi � ealil>rati n m thod pr -

vid .· a 1 ·al tim st ndard. in 1 I n l nt 
of r:. lie pr pao-ati n c n liti l., wi h a 

:-:.im1 le, a<'curat elw +ing m th l f r 

u.· ' wh n radio prop:rn.;· lion ·onditi n 

n.r f vora 1 o all ". dir ct c· lihrati n 

b.' c l pari.·on with xtcrnall:v- availabl 

· tan lnr l tim< .. ignal.·. 

An "Emergency'' Method 
Th dj� Jay m th l d ·rib l ab v 

a::'.·un-1 .• 

1100-.\P 

in!"'> Eq ti1 m<'nt .\. 

·ompl T 'PE 

an ar 

Fr u n �� :\ r � . ur­

m 1 l>·. "\\11 n nly 

Ii I YPE 1100-.\ P rm ary n qu n ·y 

,'tand;;rl i� avaiable. · n  >�C'illo�t'>piC"' 

G era 

th tim 

or .·aml 1 a 

n h h ri­

all amount f 
- y ·l . in wav , 

d n d ion . igna.l al 

iCTna_J input. Th 

cl th r·ti ·al 

ng with th imc-

f th tim 

a' it is H th 

\\'J h Rtandard 

uL will t n b ,-i ·ibl 

hat 

r rra1n- l'­

("01 . Th .. 

fro1n \1\�r • ancl 

• · 1 r u · f th i. · di.· I l · y 

·-w pul.· typ of ._·ignnJ5. 

. kr-kh o an o · ·illo�eop display of 

thi.- ''c•n1 •rg 'IH")'., di:plny m<'thod 1. 

• 1 w11 in Ii iO'tlr 1 1. 

adio Compo y 
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