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TilE FREQ.UENCY STABILITY OF PIEZO

ELECTRIC JVI0NlTORS 

13y J A l\IES K. CLAPp· 

T il E increasing demand (or ftC

curRie maintenance of radio 
trnnsmiUers upon their assib'lled 

(reqllcnc;v is bringing to light the \"(l rin
lions of frequency of t he crystal
controlled III ILSter oscillll tors which an:: 
being more and 

be pronoullccd . This heating varies 
with noy chan~ .. es in the loo.d imJ>osed 
on tile piez<H!lcclric oscittator by the 
succeeding equipment, resulting in II 

frequency shirl due to temperature 
change indirectly C~IU~J by the"C load 

more widely u~ 
to attain the de
s ir ed s tahili ty. 
Where II P;C1.0-
electric oscillnlor 
is USl'tl as the 
master oscillntor. 
CCQllomy of IIppa
mills didatcs tbnt 
th~ OS('i liator be 
ol)(-ratcd atashigh 
II power le,'e! 3 13 

po.s~iblc i ll order to 
I'Cflutt the number 
or IUll pliflCl' sUlges 
required to rc1.lt:h 

" ... The variations of the crystal. 
(.'OntrolJt..-d transmitter are in general 
much less than those of the lIswll 
t ullt:d-eircuit Ullster oscillator, but 
uuder extrellle cond il iO IlS lhe varia· 
tions m.ay be as great. It is a disap
pointing. but nevf:rtlJeless true CO il 

clusion that implicit fllith iu 'crystul 
control' as the answcr to cvcry proh. 
lem of fre<llIcncy slability must give 
wa~' to IL Ul(Hlificd view which will 
ncc:essnrily involve the applil'alion 
of more (''OIllJl lcl( llIeU1(x\J!." - From 
the nct.'OIllI)lInying nrt ide. 

chnnges. In some 
ca!'ICs ilnproperde
sign for the pillte
holder, or undue 
forci ng of lhe os
c illator. results in 
a pronoullc e d 
brush discharge in 
the air gap result
ing ill further var
illtioll!l in the 
m:l ~tcr oscillator 
frequeucy. 

In spite of the 
unde s ir e d fre
quency changes in 
the master oscil-

a f:\'i"c lI le\'cl for transm itter output. 
Un(ortulllltciy, II piezo-elcctric o;;cil

Inlor 'iO operale<lloses mUll:". of its fUo'tl 
desirHble chllract('rislics as a constant· 
(t'e(lucncy de"ice. Under powerful oscil
lation. hellling in the quartz plate mny 

• Engineer, Gene",1 Radio COIllIWlny. 

la torO\'er long inter\'uls or lim<.', it is of
tell fo und llml tile fI"C<IUell{,~' lfIay be 
held substllllliallycol1s1:lnt for rclllti\'ely 
sllOrt illte rvuls. A.~ t he frerluency or the 
system i.~ adjus tllble b;r S(' \'erlll means. 
Illllong them circui t mijustlllcnt and 
temperature of the plllte, it is po~~ible 
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tu hring the tr:tll.~milter £requcnc;\' irllo 
Ogt'('('IIH'ut willI the £n.'<IUCIICY 1)£ a ,sub
.. lllllllnni t maiuhtin(. .. 1 for the purpose, 
uud lhi il :lgr<.'Cmeut wi ll thell he 11111 in
taincd ror a cOIlsi.lCl'nhle period. Ti le 
\'llrial iO Il ~ of the cr,\, ,silil-rolitrollc.1 
transmittcr nre ill g<-lIcrlll much less 
thall those Qf the u,..ulIl tUIle<I-circuil 
m:r~ler o .. cillator. hut limier extreme 
,")ndiliol1s tile Yarialjons lIlay be as 
gl'Clit. It ill ;\ dis<Jppoilll.ing, hut IIC\'er
thdes!! I rue <'"O lIcltl~io ll that implicit 
faith in "crystal control" 11.~ tire mlswcr 
tu every IlrohlellJ of f~luellc.r ~tability 
IIIl1st give wny to II moelilk .. 1 view which 
willllccesslIrily illvolve tht: npplielltion 
fir IIII)TC (''OlIlplcx mclhoel~ . 

\Vilh olll~' re:,sollllbic ellrc in IlJ)Crll
tioll , a piczo-clectric osci llator lIlay be 
depclld(·t1 upon to mainlain its frc 
quency 1.0 a de~'l'ce or precision ex('('C(l
ing I)resellt requirement..... prot'it/ell lhe 
IJOlffr l~rel 18 kept 10/('1 (11/11 the It'llII-
7Jl',,,Jlllrr of the (JI/(ut:: plate I'll kept 
ro1l.Jlell/f, Lr such an OJ;Cillator is thell 
set lip as a sub-sta ll(lanJ lind used :IS a 
IIlollitor. the crystal-colltrolled trnllS
miller frC<lnelicy limy be I>criodically 
brought vack to its assign<"l vnlu£! with 
a comp.uati,'ely high degree of preci
sion . . \ s the frequency drift of the 
lrllllslIlitter is not rapid Ilrter it Ims 
beell in olX'ration long cnough to I"CllCh 

slendy conditions, only (III occllsiolwl 
clll~c k.llp wou ld be Ilcccssnry to hold 
the trnllslllitter rre{IUcncy within rather 
close operating limits. 

If UTI operating toleran<.-e of ± .'10 
cps. is to be maintained. it is of (,'Oursc 

t :;u!r",-andllrd is Irere used in It", commonly 
ulJ('o!llteJ lOCUo;e. It is II dcscril,lh'e term IIpplit-d 
to n COO$tlllll·frequeney o:iC'ilIlltor, till! fl'e(tuelll.'Y 
of ",hieh i ~ ,Ieterrnjllt'll l>y comparison ",ith I/. 

l)rimBry iIlllmjaffl of frequency . 
A primary sla.Ild,or,j or frequeue)' iii one iu 

which the frequene)' i~ deterru;n«i <liroct.ly iu 
l""II1S of the mean ,;olaf ~'(md. See, fur exam],le. 
S, C. Hooper. "The tI/ttIue C .. "ference." I'r~ 
cuJi"!J_ nJ III" I . U 6 .• " ul , IS, No.5, ) 111), 
ll)~. roo. 

necessrry that the sub-standar.! piezo
electric osci llator hold its fre<IUCI1l'~' to 
willrin a much smaller tolerance, ~Iy 
± HI cps, Th is requirement dClllllllds 

careful lempern ture (:ontrol. <.'ircui t 
stahilil~', :tlld low energy le\"e\. 

I n order to determine the fn.:qIlCIICY 
slflhilit,v tllllt C/ III he ohtaine<1 fr<lrtl a 
monitor con~i5ting of II stock model 
pie7.0-eit.'Clrie oscillu tnr using tempt' rll · 
lure control :uul commercially obtain· 
able quartz plates, tJ. thorough st lldy 
of a typical systcm is being made 
by the lltlt!ror in the IllbMatorics of the 
Gellend Badio Company, Bcprescllta
ti\'e bro.'l.deast-frcquency quartz piates 
arc heing stlldie<1 and the \'ari:ltiOlls 
in frequency resulting from all the 
possible inflll£!lIces r<.'COn:ie<1. The prin. 
cipal factors arc : 

1. Changes ill any of the circui t 
elenlt'llts .Itlc to lIb'C, 

~. HeplaccllJCllt vf tubes. 
S. i\[echaniClll \'ibriltions of tile fo;yS

tem. 
~. Variatiolls ill l('mperature. 
5. Variations due to change of plate· 

circuit load. 
0, \'ariatious due to changes in 

su pply yolurges, 

or tlrese the l:rrgcllt ntrintiolls in fre
quency result from mechanical vibra
tions of the system, varial ion5 ill plnte 
load. changes in t.enlJlcntture, and 
c1rlUlges ill lubes. or these, with a given 
systelll , the operator may largely COli· 
trel the efrects of lood aud tubes, Tbe 
e frect of mecillwicai vibrations 1II11st 
particularly bc reduced by themullufnc
turer of the systelll. IUld the tempera
ture C{lntrol mUSl be dcvelol>ct\ by 
him to maintain substantitdly constant 
tcmperature lIIuler on:linary room tem· 
peratures and for long periods of lime. 

1 .. the Xo\'cmber issue the eXI)(:ri
mental results will he present(. .... 1 with 
parl.ieular referencc to the CflUSCS of 
frequency vari:l tion o""lut.linC(1 aho\'e, 
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SYNCHRONOUS MOTOR-DR I VEN C LO CKS 

"By I-I. ... RoLD S. ' 'VI J. K INS* 

TOD.\ Y a remarkahly wide field of 
u<;('fulncss is being de\'Cloped for 
smftll synchronous molors. These 

mol or., until comp;l r;tt i\'cI~' recently 
were regarded perhaps a.~ a ('uriosil;o.'. 
Xo\\" they arc :1\'lIitahlc i ll a wid e ra ll j.{C 
of powt'!' outputs II nil en 11 be des i~ncd 
to run lit speeds of from a few I'CYO l U4 

tiOH ~ 11 second to sC\'cra l hundred. nlld 
on circuits of from 25 eps.t to perlwps 
10,000 cps. 

Consider for example tile increas
ingly [urge numbers of eit!ct rir-ally 
operated docks that lire being :,old each 
:ycar. T he majority of theS(' arc opel" 
aled by snlail s~'n('hrollous molor::, 
some of onl? a fell' thOUSHlldths or a 
horse-power. yet they rUII continuousl,\' 
and dCJ>clldahl;o.' , , 'arious 1ll(H.lifiealions 
in design hlwe heclI developed, iuclud+ 
ing wound, polarized, and sllnded poles, 

T he sim plest t;\'pe may be reprc+ 
!lcuted by a i:lln inated rotor of /l wgnet ic 
rnnteriftl haying salient poles properly 
journalCfl lJcLwcen a ile or more pa irs of 
sta tor pole. .. , t he number and size bcitlg 
determined hy the frcqucnc~', power, 
and speed characterist ics desired, T he 
mechanism of ol>cratioll in its simplest 
form IllH,\' be regarded a" a s uccession 
of cquftlly spaced magnctic impu l"cs, 
etlch one attracting in turn a ('OI'I'C
sponding rotor pole, Whell by ,some 
means the rotor is brought II I' to 
synchronous speed, the Blagnetic ('ell
tel' lille of mtor amI stator poles coiu
cide ill succession at approximately the 
inst:mt of maximum current and the 
mot.or continues to rUIl,! Tile dcsign is 

• Ellgineer. General Ihdio COlUlHmy, 
t cps" hereafter used to melHI "(",,,dc, per 

I!'eCOrnl." 
t Note thul the magnet ic pult between II I'(ltl)r 

Sitch t hat t he relucla nce of the mftg
IIctic p;\th increases rapidl ,\' a.s the 
Hlll!ular displacernell t nr tlte center 
lillCs in(' rcase~ :lI ld ;1 positivc torqlle 
res ll l L~, \ 'ary illg powel' demands cause 
:1 nlria tion in Jag of rotor tooth behind 
stator tooth, resll lt ill g ill an cquinllcHl 
\': II'i1l {ion in the in pu t power, maki ng it 
pOi'i'ihlc for t he rotor 10 ca rr,v va r,vi ng 
loads wlli le Illai llt nini rlg sy ndlronolls 
speed, T his Jag- ClUl ne\'er bc gre;lter 
thall otw-hnlf t he angular separation 
between two !'Otar t~tlt. which corre
sponds to no cle('{r iClil degrees, 

T here i.') of course no accelerating 
torque in 11 s,\·n('h rolloll .~ molor of this 
simple type, whieh meaBS Ihat the 
moLor' must he hrought IIIJ to sytl
eh r'Oltous sp(:cd by hall(!. It 111,,0 means 

pole and 0. sta tor pole i, illuependent of t.11I." FIGURE I. The stnudo rd Mode! B S~'ncro,CI\lCk 
dirl.'l'IiclIl of the ClJrtellt. enclo~ ilL wuln!!t cnbinet 
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that if the system is Q\'crlomlecl or if 
the power supply fails even mOOlenu\
rily, the motor will stop. While the ab
sence of 1111 ac(:elernting 101"(111(' may he 
considered II disadYlllltagc in a clock 
for dOllleslic usc. its :lhscnC<! i .~ a de
cided advuntugc for ruully illbor:ltory 
pUfJ)O;;es. This point will be e.x)llainoo 
Illter . 

.Bcctluse such n. motor rUlls ill abso
Jute "Ylichron.islll. it 11111)' be COIl
sidere£1 to be 11 coul11('1' of \"jhration!l. 
Everv p~lir of pole.. thal pa~SClI It 

gi\'e~ point reprcscnt.s II eycie, or. if the 
input ('ireuit i..: prop{'rly bill5e{l, {'\'cry 
pole represeuts (\ cycle. To iIIu~t.rate 
this. ('oll!"idcr Jo'igurC: 2. In this ligllrc 
lIle lower CUI'\"C :;110W5 the origillnl 
sinusoidal ilLllHt current T i le mngnctic 
field vuric:; ~illlilarly but lhe attraction 
bct.wC('1l rotor ami stator leeth wilt 
always he po<.,iti\'e, If /HI\\' the neg-Itti,'c 
half of 111(· wave i~ bitued uy :111 Opr)()
site current to rl'fluce it pmcti(,lIlly to 
7.cro. a. new current curve and magnetic 
field will he produ{'c<1 tiS indicated by 
the upper curve in lh~ figure, The hori
zonlal linc repre<;cnb the hia.~ing 
currenl Il tid the n{'w alternltling current 
is illdirttl('(1 hy the lop curve. It i ~ 
readih' sccn thnl the magnetic fidd 
~trenglh i" increa<.etl lind the fre
quency hah'<.>d. making it po~~ihle to 
halve the opernting SI>ee<1. reduce the 
lo<.,ses. lind increa!'iC the power. 

Fundamentnll" th{' motor operales 
liS a taehollJeter' counting e\'ery c:\'Cle. 
:nul whell refNrcd to l ime becomes a 
me1.l.';lIre of frequen('~· . This llcviee. 
when referred to tiTlle indicates fre
qllell(.·~·. and. com'erscly, when rderrf:{1 

."GCRE S. The molor "'llIeIl\t,I~- wbich may be 
e.rnployed to drive di'iCS, oonbll'lor~, /lml ' mall 

generlilors 

to 1.l standard frequency, ;1I!Iil"lltc~ 
time. Ob"iousl,\' the g('arill~ of a dock 
dial to the mol or ofTers I lie Ilst'r:1 dllal· 
purpoiC instrultlClIl. .\ third use ii im· 
nlediately apparent contl"UllCt I flh:lft 
~pecds. 

SCMI:" ten years a/!o the Genernl 
Radio Company st~\rt<''fl to "e\'dull 
a sYllcllrOnOliS-ltIotor-opemled clock. 
'l'h{" first model " answeretl the pllrpo.-.c 
at lhnt ti.me. hut till' wide r:III~'"C or 
po~,.ible u<;cs and delll/md« for gn.':ller 
power output rf'{llIirt.'t] it. dt' .. ign murk
(-(II\" different. .Hter COII~iderahle study 
ami nUlllerous experiments the '1')' 1'1': 
.511 S\"ucro-Clock WIIS de\'('lopc(1 to 
repla<.~ the old lIlodel. 

Brieflv the rotor colL",i.,.t<; or a 
careru lly'milled iilllliwiled iron ring 
mounted Oil an aluminulU damping 
disc. the s.haft rotating in II jewel bear
ing and guided L.v H ball bearing. Power 
is su pplied through three Il<lirs of poles 
located l 'lO° :lpart and ha\'ing milled 
teeth corresponding to t hose on lhe 
rotor. 

A decimal system or shart sl>t.'Cds Il ~b 
~n selected to better inercll5e the 
a(i;lptability of the motor amI clock . 

• The Tnl: 411 Synchronoll'; )Iolor, 1I\.OW 

obsolete. having ~n replaced by the Ty".: ;j II 
Syncru-Clock. 
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The rotor slmft speed is \0 revolutions 
per second aDd the sceondary shaft is 
geared to rotate once a second, the 
final gCl.lring hc.ing such that the clock 
kecps correct time at rated frequency. 
One thousand cps. is 11 011' gencrally 
availllble in the laboratory find tile 
standard motor has a l OO-tooth rotor 
which runs at 10 revolutions per second 
011 properly biased 1000-cps. circuits. 

As :til indication of synchroni"m. a 
small !leoTI glow tube is mounted under 
tile edge of the rotor. This is lighted 
from the input circuit and ;It. .syn~ 
ehronism the strohoscopic efTect CIlUseS 

the rotor teeth to appellr stationary. 
Proper voltage to the t.uhe is regulat.ed 
hy a transformer included with the 
motor a.<lsem lJly .. \ switch for control
ling the [mup is also pro\·ided. 

If the Ilatural period of torsiollltl 
\'ibratioll of the rotor is !leur the nat
ural frequency of the circuit, hunting 
nwy hecome quite serious. Th is limy be 
greatly rcduCt.-d by proper design. To 
mini mizc h IIllt ing amI to make rtf! rting 
('n<licr. tile d:nnpiug clise h;L'i been Je~ 
\·eloped. The rot."lt ing parts ha\'e been 
macle as light liS possible. To secure 
1L rcilltinly high 1ll0mcIlt of illertia. 
weip:ht is provided by the ad,litioll of 
mcrellr)'. Due to its mohile ualure if ill 
huntinJ.{ or due to chauge of load there 
iii n phase shilt. synchronism is easily 
maintained hy t he immediate shifti ng 

FIGUllfl 4. Tl'I'E .'ll·C ~yncro·CJock. designed 
for plluel 1Il0until1g. The mi<;ro-'liaJ is sho"'n 

at the right 

F'IOL"lIE ii. The doc!.: Rnt.! 1\11 amplifier mRy be 
assembled io one unit ant.! used for re~ly-rack 

mOllntillg 

of the light rotor. Hunting or I>criodic 
vi brations aloe r:l pidly damped out. by 
tile ellcrgy given up or :lbsorLed by tile 
mercury. The mercury is seak·d ill the 
damping lIi .~c ami baffled to increase 
the friction resulting in all.\· change 
of speed between the disc and the 
mercury. 

We hnve already mentioned t hat the 
stoppi ng of t he clock results tifter even 
momentllry failures of the ])Ower-sup
ply circuit aTl,1 that this is :\II ad"an
tage for many laboratory purposes. 
When. for instance, one is using the 
clock to COllnt the Humber of oscilla
tiolls executed by it constunl-frc{jucHcy 
oscillator for comparison with lime 
deterruiued by some otJl er system, it is 
iluport;lIlt that the clock run io syn
chronism or else not at 1l11. especially 
wben one is making measurements of 
extrcllle l~' high precision. J t is highly 
desirable tllltt ilny momelltnry per
turbation of the ci rcui t be Itlllde known 
at once, if erroneous results are to be 
avoiJed . 

The motor is Ilol'llmlly opemted at 
from 100 to L'l.> volts at n frC(jucncy of 
1000 cps. all(l biased with from 40 to 
.')0 milliamperes of direct current. The 
rotor is brought up to spce<l by turn iJlg 
tlu~' knurled knob between the fingers 
until stroboscopic effect indicates syn~ 
cbronism. In II1l1ll)' cases the clock wi ll 
" pull in" itself if turned faster tllld 
then allo\\'ed to drif t down to speed. 
T he output of two 17 1-.\ -tY I>C tuhes 
operated ill pa rallel with sufli cienl am
plification to hring the \'oll age up to 
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' [',I t: G ~::S f: 1I \ I. If ,\ 1lI0 Ex l't:II. I ~ lt:~n:1l 

10'1(>' lit: D. 'I 'h;~ duck .1("-.'),'1'<'11 to r.", un 60-
cyd(' t' in:lIit I.~~ looth • .'K"«Indli and <t, 1 lII"OOud 

roulArwr 

rah'd fi~urc i'i T'(.'('OIlHlll'JI(k'tl for gell
crIll operating rouditiollS, T he dit'('(,t 
l'urn'lIl ill till' plate ci rcuit lIlu ::.1 be 
1IlIn\\ed tu flow t.h rough lhf' motor 
\\i!lt lill ~~, Supplied from ,!;ud l II ,!;01I!'Ct' 

lI ll' ~t;lrtj llg is (':1".'1, o l"leration i ~ d("· 
pclldal,lc. IIml !iali~rador,\' re'iult-; a f'(' 
11'::.lIrcd , 1' nl('ss operating' under "("ry 
II(,ln') ' I O:ld~ oue tuhe mIl)' hum out or 
tuhc.~ lIlay Iw rcpl:u;:ed or c11l:111~'('(1 olle 
at II ti lllc without !> topping the mOl or, 

Tllc motor of roll f'M! II ill fIIn 011 
\\ idl,I.'i diITercnt supply rrt'(luellcic~ but 
st and;l,., 1 sllllft speeds 3re ohl ailled ouly 
at rn tl'(l rr<'qllel lci c,~. Exp{'rimclltull.\' 
a IOOO..(:p~, tllolor 1l1ls been Slilisfac
tori I,\' opcrat{'(1 011 all frequcnc ics be
tweell "lJO cps. a nd 1750 c ps , Of C() U I'SC 

for ~pe('ild p\lrpol>C.~ rotors e:1Il be tic
sigll('(1 to A'i,'c st:llldllrd "haft Sl>rtd .. on 
ally "OUr<'C or from 60 cp ... , to ,:;000 (.p .... 
I n ~uch ('II'<,('S the /lUIllI1Cr of teeth cut 
in Ihe rotor is changed to mcel condi
tio ll ~. Til t' dock Blm"CBl{'1l1 iL<iClf is II 
stand:mJ arrallg<.'ment of gears 10 giw! 
hour,~, IIlill utes, and sccond.~ , but for 
COII I'Cl1iell(,(, II separa te sCldc gfadU:lt cd 
in ,ceond~ IU1S l./Cell :ulded Oil the Ottt
sidl' rlialllctN of the dill!. The second 
hand IWl,V be adjusted b;t- ha lf sccolld ~ 
by IIlCII1l ~ of II knob locat{'(1 ju .~t outside 
t1lc diul lmd controlling :Ul cpic;t'clie 
!,,<,ar trllin hy mC1UlS of which lI le ;;t'('

ol1d~ shah e,lIl be ralnted in cithN d i-

rccl iol! without int crrerinl: 'I itll the 
motor, A spriug lock prcvcnt~ motion 
of tilE'S<' gCllrs cxC<'pt whcn man u:llly 
opertltet.l. 

T he SYllcro·(,lock, u5('(1 us a rre* 
(IUCIlC.'!' met.er, will give;tIl a('(-'uraey of 
heltcl' lh:m OIIC pllrl ill 1(10,000 during 
11 !!4-hour iutcrvul hy read ill", of thc 
seconds lwnd . To ilU'reusc this preeision 
the micro-dilll altllcillnent make;:; it 
pos1Oibie to l'il(-'ck tile f'1.)('k hy referenee 
to Arlington T ime Sigmlls to within 
npproxiuHltely 0,01 o.econd. Tili .., makes 
I)()-;sible , I 1)I,('(+.ioll upprt,llI('hin~ one 
part in 10,000,000 for II ~ .... -hour 
intE'rvlll. 

'I'ht, operation of Ihe micro-dial is 
quitc sim ple, ,\ rel'okin/-\, llrm or CH m 

011 the sceond~ shaft of I he dock closes 
II I.:olllact fo r a periOfI just g rl'HtN than 
I hc duration of the time signal. Thi,.. 
point of closi llg may be Ill:ule to ()('('ur 
at lilly poillt in :l OOIllI)lcle r<'l'olut ion 
h;t, rotating the outl'r drum member, 
The $ignals arc re<:ein:.i hy Ihe Jlhones 
:md the dial i ~ :uljustcd SO that onl:.- the 
" nose" of thl' siglin I i..: heard, Tht' dif· 
ferenee of dial reluJings Ix·t ween SIIC
{'t'ssj\'C pe riods indic:l tes the c hange 
from t rue time, Wilen operated 011 a 
stand:lrd rrC<lllcl le,1' tllC llIiero-dili l may 
be 11 M"(\. to send !lCConds inlpul~e::. :llld 
by iHCllns of II M.'<.'()]Idliry progr:UII 
whet'l nlmost any series or a<.'Curately 
spaced group!' of :<iglwl" 1H1l;t· 1)(" ob· 
tained. The clock UlIllcr thi" ('()nditiou 
hccome,o; a lime piece ha ving the ae
('"racy or thc frcfluellcy ,.uUf('(:. Con
tactors lri" iug- short pul:oe,<; e\'f' ry tell th , 
hair. or whole se('il lHl cnll ell~ i ly bt' at· 
tat'he<1 li nd from th("~e ma ll," S(-('ondary 
Hl(':l~lIrelllent~ Ilmy 1)(' TIllllll' with sur· 
pri~in ,l! accumc;t'. B;t" {"t)llIbilli ng :l 

I>C('i)nd". and a millutcs ('i)lIllwl nr:L l'cr,I' 
I!o hort and a<''Cllrlttc minute", pill"" m:t;t' 
I>c .secured. lly ehoo ... illg' appropri:l te 
e:tUb and gears man,\' other combiull· 
tion.s clin be St'eurW. ) Inglleto genera· 
tors ofrer ing a !'OUf('C or rclatiycly 10\\ 
fr{.'qucnc:.· of good wllI·dorm of from 
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one to 100 cps. can be designed for 
operation with the clocks. 111 every 
case the preci~ion with which the result
ing frcqllenc ie.~ and time interva ls arc 
known is essentially the same as the 
Jlre<:isioll of the supply source. Wilen a 
Syncro-CJock is operated from a Gell
cnll n adio stnnda rd-frC<luency assem
bly, for example, II precision of ap
proximately olle part in 1.000,000 may 
be expected. 

To rev iew briefly, thc synch ronolls 

The grellter power of the tlew 
'rYl>~: a ll SYllcro-Clock Motor 
makCll it poiSible to drive J. large 
numher of nuxiliary att.1chmenlll. 
Figure 7 shows It Syn(T(r(;loek 
which has !I micro-dini reIldiog "i
ro....:;tly to 0.001 seconds. T he haml 
at the right revolves onetlll second 
",,,I urlder this nrlly be .'I(.,(!n the two 
m.ngol"to J.,'enerntor dises designed 
to give frequenciCll of SO "lid 35 cps. 
The two ndjust.able oontaewrs in 
the lower left. ~'Orller mnke au" 
break the circuit olle ~"ld ten times 

n second respectively 

motor-driven dock nwy be lIsC(1 as It 

frequency meter, a stalldard cloc·k. a 
sending de"ice of time signals, a geller11~ 
tor of im pulses or low freque ncies, and 
II eOll sl ant·speed motor. I mpu lses are 
often emploYl.'d to gi\'e a record on 
tapes or fil ms and the motor lIlay be 
used as a d rive for stroboscopic work. 
In fact thc uses are too \'Mied to 
enumerate completely and il is hoped 
thesc COllllllenls will sen'e as a hasis to 
suggest 01 her applications. 

FIGURe 7 

The General Radio Experimenter is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu· 
factured by the General Radio Company. I t is 
sent without charge to interested persons. Re· 
quests should be addressed to the 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 
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What Is a Syncro-Clock? 

Mon E I han ten ~ curs 3J\'O. hefore I h(' synchronous lIIulor ... drin'n 
clod, was popularized for domestic use, the CCIl('rul nadio 
Company began d CI'elopn1('nt of such an insLrulIlf'nl fo r use 

in the lahoratory. II. was Ollr il li lial idNl I hat ll ie Syncro-Clock \Iou ld 
be dri ven by a vacuu lIl-lube oscill otOl' having ~I fuirl y sta ble frCCl'lClicy 
chUl'llc i<' ri.slic and Lho" the clock I, ould lhcrcfOl'C furn ish n means of 
dt' tl'rlilining the average frC<lucncy of lhe oscillator during n gh'cn 
time in ternll. This deveiopmenL has been steadil ~ carried fOt,\\ arcl. 
mnn y models built. and nOw we arc a ble Lo make collllllcrcinlly uI'ail
able a Srncro-Clock hUI'ing a number of usefu l and int eresting 
features : 

1 The Syncro-Clock off{'rs one of the mOSl prociS4' 
• methods possible of measuring the frIXlucncy of All 

oscillutor. Headings are secured ill terms of our M ean Solar 
Day and are integruloo throughout the period or lI1eas
urement. 

2 When operatoo by a source or exactly 1000 CI)S. the 
• Syncro-Clock kN'ps I ruf' time, the on ly error being 

Ihat or I he s tandard. 

3 Shafts rotaling wilh n cons tant angular \Clocity arc 
• ""ai lable for turning s troboscope discs. for operat ing 

seconds and If'llths-<lf-sl'COlids ronlactors_ and for dri\ ing 
small gt'llertltors 1.0 prod ue-c other frequt'llcies the stnbilit~ 
of wh ieh urc definitely dcLcrmi lwd by the frC<lueney (,( I he
driving sourcc. 

The Geneml Badio Compa n y tnukes IIS{' uf this dm' ice ill its stondanl
rrC<lucncy assembl y_ our name for H system which determines fre
quency directl y ill le-nllS of the l\1 oull Solar Da y. Uf.: ing a SYIlCrtr 
C h)(-k we compare Iht' lillw kE'pt by our piez.o-eleclric (lscillntor 
S/'ncro-Clock system \I ith the li lnc inl ervals dclcrminCfI duil y b~ I he 
l. S. Na\ui Ob5en 'ut01") und lrunsmit.ted to us via Arlillgton Time 
Signals. 

SynCN}-Clod,g !la' e man ~ applknLiollillo lime and rrtxl uenc~-measllr
iug problems. lf this brief dr.scriplion in terests ~ 0 11 , we shou ld be glad 
to scnd yOLl furlber details. 

AskJor Culu/og F~X 

GENEHAL IlJ\]}!O CO~IPANY 
OJ'PI C S S LAlIOKATOIIIK8 

CAMHHJI)CE A. ~IASSAcrruSE:TTS 

RU"'O"D ,~u. 
COHCO.O. H " . 
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