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TilE FREQUENCY STABILITY OF PI EZO­
ELECTRIC ]\ I O~ ITORS 

13y j A\IES K. CLAI'I'* 

Til E pcrfonnanc(' chan\(:,tcrist;l'~ of 
11 typicu l leTIII.ICralllrc-<'OnlrollNI 
P;l"z(H.·IC<" lric oscillator will be 

con~i~ l t'r('( 1 with rc~aNI to lhe vurio ll ~ 
factor, 1;"1('(1 in the fir.. t part of Ll1is 
artid(',i i.e .• ( I ) tempe rature ('han~{"s. 
('!) plnte load. (S) lul)C.'!, (4) vihrutioll. 
(5) supply "ollnge . (6) nging o{ c; r'(:uit 
clcnl ('Il I ~. 

Til e rlnla here pr('S(·nl.(!(1 ('O\'l't III I' 
llt'rforlll fl ll("'~ of tile e<luipmcnl. \\,11(,' ]1 

u ,~ in~ trpical t rUlltt" plates opcralill~ 
aL fr('{pu:ncic'! in tile hroadcw!1 l:mnd of 
from 500 to 1500 kc.t Thc qtwrlz 
plal('s wcrt' of lhe .. SO-<Iegrct''' or .. ) ' "­
Cllt /lild \\t'T'C mOllnted in (;cncral 
!t aelio THE 370 Qunrt1.-I'Jal e lI o1dcr:o. 
The quartz plute.s :lIId holdcr~ corre­
spond to till' production ullih da$~ed 
a~ the ' I' \CI'E 376-1 1 qUllrl1. I'lalt'~. 

T ile dlauges in frequen(,y. u.~ ob­
sern'(i, wcre refctr£'(\ lo tllc rrcljucll(:Y 
ohtllilled \\ IIt'Il the a .~scmhly WIIS o»erll­

tcd under the mlldition .~ defincd l>y: 

. ":lIj1ill~r, G,~nO!T1II Iladio ('Olllpa".\-

t J;Il"~ K. C'I"pp. " The Jo'requ(>lIcy Stahility 
<I( /'ifow- ~;leI.'tric \l l.'lIitor;," Gmero( 1("'''0 £3;-
1",i"'(,11/fr. \ , Odoher. 19::111. 

: KI'_ i~ Iwt(· U<t'll 10 m"'~1II kill.H.·~-dh p'·r 
,..·, .. -m,l. 

[ 

II 

"Normal" opero/ioll 
Tilhi': .\ wragc UX-I I!U as de­

tcrrnill(!(1 by lrinl. 
Temperalure: 500 C . 
P l(l fe eQ/I(It!PI~n: Sel at lowest \'aluc 

for relillhle oscilllltioll . 
Supply collages: Filamelll 5,0 volls. 

I' late ·l5.0 volts. 

Thc obscrvC(1 freque ncy dwnges re­
su lling from challge.~ in an." one vari­
ahle, I he others rcmai nillg ('onstant, 
arc indicated in t he ac(.'ompanying 
figures and are 8um nmrizcd below: 

1'ellLperalllre cl!<mgc8: (Figure I) 

The quartz plates employed were 11\1 

of the "30-<legrce 'f or .. Y "-cul lype. 
having positive t('rnpNn t urc coefli­
cients. that is. the fn'<llII.' IIC,Y of oscilla­
tion il!crea,~e8 whell t.JIC tcmperaturc of 
jhe plate is il!cr('(I.~rd. T he vu rious 
plates d id 1101 differ witlely ill their 
temperaturt' cocfficicllt;; IL.~ illdicntcd 
1))' the slope;; of till' ('urves of Figure 1. 
On the a\'Cr:l~e. it should he noled 
from Figure I . tile \ '/l rjllliOIl ill fre­
quen(,y for change,; ill lcmperature of 
"*" O. l o C, (reprc* ntin j.\' tllC (.:olltrol 

II lability of 11 smull tt.'lIIpernlurc-con-

J 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



, 
? 

..... n , FrOIll the figure. it is sccn that \'[) rill~ 
ATE '~ lions in the lUlling capacitlillee of ± I.n '" 

per ccul. (rcsultiug from arbitrary 
alteration of the condenscr. or from 
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aglTlg or tempera1ure effoct.'!) C:lU.-.e 

frcquc llcy ehu lIgc.'! of less thall ::0 I 
part per mi llion . 

Plale'l'ollarfe c/IIIII.IIel!: ( I;' i ~ure 3) 
• /_1 ~«;I"" 01' TOOPt~ 

CO'n_TO 0 0.' 

/ 
/ 

. , • ., ., ., 
'Te~TUflt CttA .... t , ~ Pelt<'t"T 

O. '0· C • .u _ .. , 

!~~t Other factors remuining constant, 
changes in plate voltllge producc th e 
fre<luency challg'cs shown in Figurc 3. 
It is ev ident thal mino!" changes ill 
plate voltage produce "cry small 
changes in fI"NIUelle~' . Wit Ilin ti,e I"cl,6011 
of ± 1.0 volt from the normal of 45 
voIL~. which is easily read 011 a small 
voltmeter, the frequency change is less 
than .::1:: 0.5 part per mi ll ion. This 
change is lIot materially inOuenced by 
the selling chosen for the plate· t.uuing 
condenSl:"r. 

FJGUU.E 1. Vllrmlion i'l rrequelley of pier-a-­
c1ecltil'" <lM:ill lIlor ' i!!" rURttion or l.empcrnlure 

in regiQJJ !leUr 50" C. 

tro] unit of si mple design) is within '" 5 
plLrts per million . 

P lafe.flll/iIlY dWIlYc,y; Wi):turc f!) 

Other factors rCIIl:linillg COllstall t, 
tile frequeney of oscillation is altered 
hy chllilges in the tUllilig of the plate 
circui t of the tube. III the osci Uator 
I, ere employe<1 (General Hadio 'I'yp~~ 

575 Pie7..()~ Elcctric Oscillator) the plate 
ind uctance is fix c<l and the cnpacitance 
is va riahle. The variations are plotted 
agnillst l)Cr cent. or the higher value at 
which the "ystem <;tops oscillating, 
which is pra.etieally ti,e value at whic11 
the plate circuit is r ... ·sonant to the cry.~~ 
tal rreq uenc.v. The f"NIUCnCr c1r:urge 
resu lt ing from the change or tuning 
Cll pacilance is l:iecn to ue mlJch more 
rapid as resonallC(' is approache<l, that 
is, for the higher \"dues of ellpacitance . 
. \ 8 the d riving tube circuits tlrc not 
tUlcicr temperature control in this case, 
it is desirable to operate the plnt.e cir­
cuit in a manner to minimize lhe 
changes in freq uency with any given 
change ;n the tUII('(1 circuit. For this 
reaSOll. the assembly should alway.'! be 
operated with only enough c:l pacilancc 
to give reliable oscillation, 

FilumcTtl-uolfll!le dwnycs: (Figure-l-) 
Cllll nges of filament voltage produce 

tire clranges in frc<lucncy shown in 
Figure ·t In tbis cnS(:., the frequcncy 
variation obtained depends UI'011 the 
sellin,!! of t,he plate·tun ing condenser 1.0 
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!!(IJUl' exlelll. hut in the normal "01l1lge 
r(>~ivn, th~ \'nrialiolls Lhus ubtained 
:m' of n(1 St'riQUS ('OTl5e<ltlencc. Wilhin 
Ole !,(·gion of "'0. 1 volt frol1l the 
l)orll1al of S.t) volts (which is easily 
read 011 a ~mall \·olt.meter) Ihe fre­
quclley dWlLge is suhst ullt iu lly less 
than -* 0 . .5 pllrt per million forallusduJ 
flll('rati ng L'Ontiilions ill the p late circuit. 

TJ/~ cJlflllf/f!J/: (Figure 5) 

( ·lulIl.l"ring tubes, each being ol.erated 
uutler ULe "Il(,mnal" conditions. rc­
sult~ in frC<IILcllcy changes as shown ill 
Figure 5. It is seen that four out of 
Ih'e tuhcs operate to give a frC(luency 
within ±!l partl! pc r mill ion of the 
\'ldLle obtui n('(1 wit.h Tubc No. 1. 

, 'iura/ion 

Llrclin nry vi hration of buildings docs 
not Illlltcrially niter the fn..'<luellcy or 
lhe :.y.')tem .. \ ";olel1 t l)()lIl1ding or thc 
IJa~e of the 11s,<;{,lIlbly sometimes p ro­
du('(.·" II Ulomenl.'lrY shirt of rn..'<IUCIlCY 
11" ,l!tCnt ItS In parts pN million. hut the 
shift remaining after the poulLding is 
s toppC(1 i.1 usuaJly much Icss thall this 
\'ulll(·. J II the l('sts, the pla te-holder 
\\'IIS plugged into jacks rigidly mOUlltC(1 
on the Willis or the tempcraturc-cont rol 
lI11il. whicb ill turn was rigidly mounted 
011 the supporting base. [n euses where 
ulHhllal "ibrution exists, t.he fretluel1l'Y 
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'''I'l''''t~T 01' • . O\lQl.n .. _ ... , 
"" (.lUIIl; ... Ylitilllion in fre(lucncy of pino­
electric oscilJatO/' .5 funclion of liIament voltage 

shirt.."! m:ly be r('(lm:ed greatly hy sup­
portillg the plate-holder in soft bul­
ting. making the (:ormcclious t hrough 
slllnU lIexible Icuds, instcad of through 
the plugs and jacks. 

Summary of AU f :jfect8 

As Ull estima te of the nbsolute 
L'Onslu.l1ey of frequency o f the syst em 
described. it lIlay be assumed th'lt uU 
of the \"arintiOIiS o bserved take plllce 
lIud thaL tlte efrecLs arc ti ll in t he snrne 
direction. The il we havc the rollo\\Tillg 
sum mary : 

FrlY1"~cy 
U /lIIIIC Qj I'fl,u,tiO/I 

J'" rioble , 'ori(.lioll (purtJ ptr 
millie .. ) 

TerLl lJel'RtUrt: *0 ICC. ±;j 
1'!lIte CBpllci ty ± 1.Ope.r cent. ± \ 
Plale voltage * 1.0 voll ±O.r. 
Filament \'oll;lge *0 J volt ±O .5 To,.,., (avel1l!!t) H 
nbmtion (heavy SIIOCks) *:l. 

Tutal * I ~ 
• n "",a;ning "Iter ~hock . 

Tll is represcllts the r!Luge of fre­
quency within wlLich LI,e ty pe or oscil­
lator considered would he eXI.ll.,<:letl to 
operate lIude r practical scrvi(.'(' (''OIHli­
tions. '('here is every rcu]I()n 10 cxpect 
sollle of these dr(."Cts to offl>Ct others 
und('t a"cragc conditions. c\'en if the 
variables ate altercd h,v lhe full range 
indi('aLCfI. Jf the "n riables a re not :1 1-

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



Tm: GEl\ERAL ltAOIO EXf'EHI.\IExn:R 

-- -- ---

, , • , 
IlrGUICt) ti, "lIriution ill (re'l'umcy of pic,,!). 
dl'<!\rie oocillator (ur ,Iiffcrent lube. ... elld, 

openllw under " norma] " l'Qtltlilionl 

tCf(~d by tile full range il1ll icalc<l, the 
frcqll crt('Y \'ariatioll would ulltu ralty 
he rc<iuL'l't1. ,\11 lhing~ colI ,~idere<l, il 
seeHt~ reasollllble to IlXptd tht (no'· 

quency "uriations under SNv ice COtl· 
diliolls to be less tlwlt :Ie 10 parts p<.'r 
million , It should be horne in mind 
tlllIl the nbov(' conclu"iolts arc hased 
clllirdy upon Lite prcmise IIHlt the os· 
cillalor s;rstern is operntc<1 al n {mn 
[Kllrer lerci and thul it is emplo,}'CfI mrfy 
lI8 a sllWtulld(ml or (I heterodYlle 111011· 
it()r, tlull is, it i .~ operated wilh sHch 
weak coupling 10 any associat{!(1 al>pa­
ralu:;j that the effects of Stich equipment 
on t.he per(ormanee of thc oscilla lor are 
enti rel,v negli{,,''ihle. The conclu~ions 
rder only to l ite mriotitJ1! in frequency 
from 11.(' miju.!Jtrd r:tIllll~ and have no 
heari ug on l he lI(.'curacy of ndjustme.nt 
to a. specified frequency. 

I t is belie\'(>(l lhnl the efrccls of n.6';ng 
of auy of the circuit elcments, with t he 

cxecplion of tlte fl tmrtz plate and 
hold('r. call rt,~ul l only in chall~cs of 
rr~IItC l tcy of the order of ma .... nilude 
cn(,'ollntcred II'hen arbilrury changes 
arc Ill ude in these clemen ts. ,\ giug of 
LIte quartz-pl ate holder intrO(llIces, in 
t ile t;n)(' of holder here usecl, very smal l 
eh all~cs in frcq uency which for the 
purposes ullder consiticralioH arc negli­
gihle. There seems 1.0 be lillie e\'ideltce 
thnl an,\' :l,ging efr~t lakes pla<..'C ilt the 
q Ullrlz plal e ilsclr. Changes ill fre· 
fjueuey wltiet. are orte ll laid to t his 
euu...e lIrc ltndouhtetlly due to challgcs 
in lhe platc..Jlolrler awl not t.o cll111lges 
in the qun rl z plute. 

The eombinC(1 piczo-cleclric oscilla­
lor and tcmperalure-controlu nit ('I')'j'E 
575) usecl in l his work is \'f'ry well 
adapted for lISC as a si mpl e );lburalory 
slanciaNI. For such uses, it is C01l\'cnient 
to employ a IOO-kc. q ua.rtz plnle, As 
these pl l\le.~ give somcwhal d ifferent 
perforrnanee liia H plates in the broad­
clll't-frC<llIeHcy ra.n~e, datu pertaining 
to thell! will he presclIled in II later 
:U'lidc. !J a rmonics of the ('r,,,slal fre­
(jucncy a r(' IIvuilahle fo r Clllihrution or 
llIouitorillg purposes o\'er a. wide fre­
quCrtey range. In casc.~ wbere it is 
desi rc(1 to ohlain calibration freq uencies 
al intcn'als of l('s5 Ihall 100 kc .. U're 

may I>c malic of a nmiti vibrator (such 
as l he 'l'YI'I;: 5M) of lower fundam ental 
frt"!cjllcllcy, conlroll ed hy tile lOO-kc. 
crystal o:;ei llalor, ny adjustmenl of tLe 
IH ulli"i br:llor a \'e ry large IIl1l11her of 
cal ib ration frC<luencics may he oh­
tnincd, Dellli is concerning lhe usc of 
lhe C<luipmellt will be gi ven in the fori h­
coming articlc, 

.... 
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A STROBOSCOPIC FREQUENCY METER 

71J L. B. ARGUL"IBAU* 
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AJ 
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A'I' the lillie the range of the Gelleral 
J-l. Bad ia low.frequency o:.cillatur 

was ext.ellded to '2.5 cps . .t the 
ncoo ror morc accurate and COllvclI;enl 
nlcthods of rne:l1;ur;ng audio frequell­
cies mude itself fclt. .. \ftCI" SOIHe COIl­

sideration of other Il lcthOfIs,t it was 
decided to arrange for the slrobo.~coJlic 
('Omp:lri.~on of UllkrlowlL frequc llcil'S 
with !l si ugle primary standard. The 
method Il!L~ pro\-cn so cOlwcnicnl thal 
we believe u description of the details 
Illay loc of ililercst. 

In a prc\' iolls ;8:;lIC of the General 
Hluiin 1~;cpcrimel(lcr§ a description was 
given of syncllrollous motor$ which 
c:w he dr;\'CIl by 6O-cjJ.~. and by 1000· 
cps. signals. .-\ motor of this type 
pl'o\"ides a shaft whose SI.lC'C(i i<: de­
terillineci exaclly by the drivillg fre· 
quency. Thus. hy its lise a disc CH n 

be obtained whose angular -speed is 
known with the prt'<:isioll of the source 
frc<luency. 

It is well known that if lilly s uch 
rotating disc is illuminalerl solely by a 
light which flllSht'lj once every rot/ltion. 
the disc willllppcm stationary. fo r the 

• ~;ngi"eeri!lg lJelJurllllellt, GCl,t:ntl U,u.lio 
Company. 

t Cps. is llete u"ro to melln ('ydCll Ilet /ierond. 
t E.g., the use of ealihl'llied tuntod c:ircuits 6nd 

reeds. lind Bmun tulle Of stting n;;ei1lr.gro.ph 
C:OIllIl .. ri....,n~ wi th luw Fre'lllt:nciCll derived From 
.. primary stnndurd. * Hnrold ::i. Wjlkin~. "Synchronous .\I.otor­
Uriven CI~ks:· (jtllct"(lllllJlii6 Exprrimrul('r, \ ', 
(ktouer. 10::10. 

images n.'ceivefj hy tile eye all ('orre· 
spolld to OIle positioll. Si milarly. if the 
wh~[ has 11 spokcs spaceu uniformly 
amI i.~ illumin ate,] " times e\'cry revolu­
tion, it wi ll again appear 1.0 Slaml 5t ill, 
since ill lhis .~ecolld ClL~e the imag'e.~ \\.jII 

all be seen wilen tllC spokes are ill 
si milar positions. :\n extensio n of tllis 
a rgulIlent will show thai 11 wheel of It 

spokes iHulililiated with a lamp {las11· 
ing (a x II ) lime.Hluri ligeadl rcvolution 
willllpIJear like n wheel lm\'iug (II x It) 
spoke .... (where Il is ully ilileger). Simi· 
larly, if lhe ]mnp Ib shes I/ Ib ti llles l)er 
re\'olutiotl (b is a ll illtegtr), the wheel 
will ~ till appe:lr to have 1/ spokes, .I n 
fact. if lile light flashes any mtional 
IIIlInher al b limes per spoke periOl.I, 
the wlu.'ei wi ll appear to h:1\'e (ll x n) 
spokes. II A brief consideration will 
sltow thaI. if the rl"Ci"jUelley of t.he li~ht 

. ("") flash (hfrers from k h !Jy 1/ 11 cps .. 

the (ll. x 1/.) spoked p[lttcrn wil l appear 
to revolve at :L rate of Olle spoke IJcr 
second, where I.: is t he speed of the 
wheel ill revol utions per seeond. 

Having t.hese well known flleLs ill 
mind, an obvious method of frequency 
adjustment presents itseJr. namely, 
the comparison of lL lamp dri\"ell by an 

i'tilv ide<l, of OOUrl;e, thnt there is $ul!icicnt 
oolltNl~t to mnke the pfirtiHlly uverlflP II;u8 
Fti"g~ ,· i.<ibill. l 'r/O~lk/OUy this ~11L;rcs thut 
U lIud b he snlldr integer<. 1' "lIer (,.,\'(,mhle 
c:onditiol1s II 'll:l~' he liS hi!;I, HS .; , b ItS high 
a~ 10. 
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unknown .qourC(' wilh !ltI IlpprOprilltc 
di'-('. For (:xll lllple, ir a rli:-c rotating at 
10 rt'\'nlllliOI1~ pcr set'OlId is 3vui l"hlc 
ami it is dCllired 10 sel an oocilla lor at 
:luo l;I'S., il i1:O Illcrd,Y 1I(.'f'('ssllry to il­
hunillatc ,I whe-e.I or so SJlnk e.~ CIne£! 
('Hell cyC'le IUld arlju.~1 Ihe o<;('iIlutor 
until t il l; "pokes appeur slu tiolllv y. 
Sudl a flushing ligll l ('11 11 be r{'utiily 
!I{'{'ured b~' u .... illg II llf'OI I laillp biUsCl I .~o 
thai it Hlishes o illy durin /{ a ,'ery:-.mal1 
part o( I~ ll<llf-<"y<,le .. \ sui luhl(' IIrrnnge­
nlt'lil for renlizil1g t he aho\"e f'Olldition 
is showli ill Fi){lIrc I. 

111 our (';b{, it hus lll'ell fCll ll ld most 
COll\'l' l1icul to liS<' the lOOO-(;l'clc output 
or :l Gencral ltad io slamlanl-frCl.ltlCncy 
aS~(,lllhly ' a.'I 11 primary staml:irti . 
O(·' ·lI'IiOlllllly. IIOwcvcr. other st<ludanl 
80\11'("(:$ have 1)(>(' 11 u;o.C(l.t J IIsteiLd or 
lI ~in~:l spoked wh('C1 '>everal brraduah.-d 
fli .. c .. hu\"c 11('{'11 IlHuie up each lIllSW{'f-

• J .. me!' K . fllIlll), .. FMptrllcy Velermitl ll. ' 
tiUII, " Ctnmtl fludio E¥p'ri,.mul'f, " (11,3. )11lR:h, 
Will; ".\ 1\ew Frrqlltlll.'Y Sia nuard,'" GtlltrOl 
/ll,,/ io I)rl"'nmn<lrr, Yol. 3, \ pril, lW!l. ~ a lw 
J.. :\1 . llullllfl,1 .1 . K. ( '111 ')11. "A C(luveuicnt 
,\11'110001 rOT Hdcrrill f; ~n,l"r.v Frequency 
SlindanJ.,. I " II ~tlllltlllrd ' l'imc In!.en·",," I'ro­
m"i"" uJ I"~ I . II . e., \ 01. 17. FebMllt ry, 1m. 

f \l orn l j.. w. I..Mll.'<lU, .. fo:lel'lrit. .. lIy·Dri,·en 
T nning Fllrks," CcnrT('/ UII,UU f j/l(Timnllt r, V, 
Sco ll\eUlher. l0(lO. 

ing a sp('{:ific rrc·q ue.nc.\' requirelllclit. 
Two such discs (reduwl in size) are 
ShO\\ll in Fil:,'ure'i!. It will he 11011.'£1 thll t 
diM- . 1 cove~ a. very wide range of 
rre(lu(,lIcies, gi";ng a large numher uf 
po;n!..",. StHrLiug ..... ith 10 cp!<. dirccl 
c:omparisons arc possible (with II disc 
tu rning 10 rt'\"Ol ul iorLS per SC(.'Ond) ilt 

IO-('!ll<. intervals up to 100 cps. _Hter 
Lhi~, direct comparisotll'! arc Jlo.~~i ble 
every 100 l!ps. up to 1000 cps. , and 
thell (with the except ioll or 1500 cps.) 
every ,'iOO cps. up to 5000 cps . Til ad­
ditioll to Ihese fundllm clltlll poinl.,oj, 
all low ratiollal rwclions or these rre­
quc ilcics are IlVlli la ble. Thus we have 
pntterns for every a eps. up t o 50 cps, 
and every 2(1 cps. rrom WO cps. 10200 
cps., etc.; likewiS(', ltll e"en kilocycle 
poillt" up to 10 kc. li re a vuilable. As It 

lll ilUer or fllCt, it is rrC(luentiy mure 
COu\' t' llielit to IISC such multiple pat­
terns tlum it is to use the fundamentals . 
1<'or eX"lUllple. whc.n Ule lamp is lighted 
from /1. 6O-cps. li lle. the 3OO-cps. pat­
teru is illlllleciillteiy noticed, liS well 
as the 60-cps. pnttern ; rotation of olle 
spot. in len seeomls for the SOO-CI)!. 
))ll ttcrll indicates Il departure of O.()Il. 
cps. o r 1 30 of I per C('nt. in the line 
rre<IIlCIICY. Disc B has been found very 
connnicnt for IlllC in calibrati ng lo\\'-

1-1(;1 Nt. i l') pit.,.l t)-inrh (li$C;l m.ed wilt. Ih .. frequeucy meler. D ise A (left) is for general U/Ie 
v\/'r Ihl' rill in' n udiv-r~"luc"cy speclrum; (I i!!.' n (righ1,.1 is very useful ol C(J tHltI ... ~iul frequencies 
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fre<luency lilning forks since a large 
number of stich lIlultiples are present. 
By its use in conj unction wilh a slop 
watch, IIny preassigned frequency in IL 
restricted cOllllllcrcinl range can be 
measured directly in terms of the pri­
mary WOO-cps. standard. 

In addition to these discs. all of 
which operate on reflecletl light. a few 
hlLn' been made for lise wilh trans­
mitted light. Se\'l~rnl factors. sHeh as 
the relative size of the absorbing lind 
rt'flecting sectors, the use of rcfleclCfI 
or transmiued light. tile effect of motor 
"hunting" and of disc irregularities. 
and the duration of the light flash had 
to be considered in design. hut afC 

hardly of sufficient interest 1.0 be mcn­
liollC(i here. 

Several .~lroho!icopic frequency me­
ters 11I\\'e been built for experimental 
use in lht' Gl'lleral Badio lahoralories. 

FWl'UE ~. Thi~ ~yndlrQnou s molor is port.uhle 
and ('Qnneele<l tn ~u h",idiilry umplilier ('ircuiLi hy 
n lIe~ib]e ('" hie. T he .lise lIl~ke!! U'<e or trUlNuitle<1 

light 

The fir~LlIlodel which i.~ ill service ill the 
Cll lihralioll lahoratory illdude.~ self­
conL"lined amplifier circuiL'> and is il1-
tended for opera tion OIl a lahoratory 

7 

FIGI)lIE ·1. All eXI)('rilllellt~.J I1IOIlel or the 
slrobo5CVpie frequency meter. ,\ruplilier ,,,,<I 
powe .... supll]y eircui l.'l have l>Cen IL;8eulole,1 ... ith 

the synehrollnn. llIolot <)1) II ca.stered tnh1(' 

work bench .. \.noUler, also with sdf­
contained amplifier. has heen mounted 
on a castered table so lliat it.. CI~1l be 
used wherever lleedC(l. 

In passing. it might be lHent.ionet.l 
that il. modified stroboscope has rc­
ceutly heell built.. Lo pro\"ide u direct 
comparison between the primary stand­
anI and seconds pulses from a pen­
dululll dock. This is done by watching 
t he change ill poslllOli of a single re­
Iled ing sector between SHCCeSSI\'e sec­
onds flashes. 

Thus by the use of a synchrono1ls 
motor in conjunct ion with a siugle 
standard it is pos.~ihle to cover the 
range of audio. rotnmerciHl. and filially 
or clock freqHcllcic:-. 
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A Piezo-Electdc Oscillator 
WITH TEMI'ERATU Il E CONTIlOL 

T il E t('IIII)('n!lur('-t:onl rollNI pi{'zc.l-plrd de osd ltalor used b~' 
J. 1\. Clapp ililhe \\01'1- o n q uurl1. plales d('serilwd in this is;;;uc 

of I h(' i£xfJrriflll'fI/rf is nO\I (,OIm ll{'rl'iall~ fl\ ailahlf'. II tOIlr- isls in 
dl'<-d of a T\'I' E 275 Pil'w-IJ('l'lr'j(' Osd llalor and a Tn·.,; 5 1i- \ 
Trrnp('ralurf'-r:ullt wi B(n a~~('rnhl{'d ml a single panel for rcla~­
rack lIlounlint:. 

Thc charadrri:,lies of IIH' 11("\\ in"trunJ('IIL arC' es."(,lItjall~ !hf> 
sU llie as for til(' t .... 0 judi, id'l8l in .. t rUlnr nl s \\ hich II ere dC!>Cribed on 
PI.I~e:< 57 In 59 ofCataloJ.! F. Thr u~.,crnbl) in a si ngle unit. h O\\ CIN, 
w('atl~ irnprol f'll th r slabil i t~, .... jth \Ihirh frCfpil'llcy ('fill IX'main­
L!lined. Dang'f'!' frOIll I!lt'dlUlliclil \ ihnltiuns has !teen rl'(luc(.'(1 and 
(><.,scntial IC[ld~ IUHf' 1)('('11 nHI ICrilJll ~ shortcned . 

So l'ff('('l i\ c i:-; Ih(' IIC\\ unil that lJ'Wrs of General nadio T\'I'£ 376 
Qual'tz Plate; and the '1\'l'g 575-1\ Piezo-EICClric Oscillator with 
T(,lllpcratllr(, Control ma~ ('\1)('('1 to maintain frequcnc~ to \\ ithin 
about t('11 parts in H million. 

J'IlICE 5190.00 
(Itir/WIII '11/(11'1::' pill/t·, wfxo~. IJr V<ltlery) 

CENEIlAL HADIO COMPANY 
1. '\/lfut'\TOlf l b ." 

C.\;\IIHUOGE A, MASSAClil'SE'l'TS 

P ... CIPIC COAST \\ ARU IOI. "£' 1,. IIRM';N"~ STltlKl:T. SAN "'Il.\I"CISCO. C'O'l.I ... 0H.. .. , ... 
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