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THE REQ.UENCY STABILITY OF PIEZO

ELECTRIC MONITORS 

'By J IE K. CLAPP* 

T
HE performan e characteri tic of 
a typical temperature- ontrolled 
piezo-electric oscillator will b 

con ·ider d with r gard to the various 
fa tor Ii te in the first part of this 
a1ticle, t i . . , (I) tem perature change , 
(2) pla e load (3) tube , (4) vibration, 
(5) upply voltages, (6) agin g of circuit 
element . 

The data her pre ented cover the 
p rformance of the equipment when 
u ing typical quartz plate operating 
at frequencie in the broadcast band of 
from 500 to 150 kc.t The quartz 
plat were of the "30-degree" or 'Y " -
cut and were mount d in General 
Radio TYPE 376 Qua1·tz-Plate 1-Iol<ler . 
The quartz plat s and holders corre
spond to the production unit cla ed 
a the T17PE 376-H Quartz Plates. 

The change in frequency, as ob
served wer referred to the frequency 
obtained when the a embly wa opera
ted under the condition defined by: 

*Engineer, General Radio ompany. 

II 

" N onnal" operation 
Tube: Av rage X-112 \.. a de-

termined by trial. 
Temperature: 50° C. 
Plate condenser: t at lowe t value 

for reliable oscillation. 
Supply voltages: -< ilam nt 5.0 volts. 

Plate 45.0 volts. 

The ob erved frequency change re
sulting from changes in any one vari
able, the other remaining con tant, 
ar indicated in the accompanying 
figure and are summarized below: 

Te1nperature changes: (Figure 1) 

The qua1tz plate employed were all 
of the '' 30-degree '' or ' Y ''-cut type, 
having po itive temperature coeffi
cients, that i the frequency of o cilla
tion increases when the temperature of 
the plate i increased. The variou 
plat did not differ widely in their 
temperature coefficient a indicated 
by the lop of th curve of Figure 1. 
On the average, it hould be noted 
from Figure l, the variation in fre
quency for changes in temperature of 

t Jame K. lapp, "The Frequency Stability 
of Piezo-Electric :V1onitor , " General Radio Ex
perimenter, V, October, 1930. 

per ::±: 0.1° C. (repre enting the control 
stabilit of a mall temperature-con-

:tr c. i.. her u . d to mean kilocy }{' � 

,'('Cond. 
[ 1 J 
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FIGURE • Variation in frequency of piezo
electric o. cillator as function of temperature 

in region near 50" 

trol unit of simple de ign) is within :± 5 
parts per million. 

Plate-tuning change : (Figure 2) 
Other factor remam1ng con tant , 

the frequen y of o cillation i altered 
by change in the tuning of the plate 
circuit of the tube. In the o cillator 
here employed (General Radio TYPE 
575 Piezo-Electric 0 cillator) the plate 
inductance i :fixe and the capacitance 
i variable. The variation are plotted 
again t per cent. of the higher value at 
which the y tern tops o cillating, 
which is practically the valu at which 
the plate circuit i re onant to the crys
tal frequency. The fre uency change 
re ulting from th change of tuning 
capacitance i en to be uch more 
rapi as re onance i approa hed, that 
is, for the higher alue of capacitance. 
As the drivinD' tube circuit are not 
un der temperature control in thi case, 
it i de irable to operate tl e plate cir
cuit in a ma ner to minimize the 
changes in frequency with any gi en 
change in the tuned circuit. For this 
rea on, he a embly hould alway be 
operated with only enough capacitance 
to give reliable o cillation. 

From the figure, it i een that varia
tion in the tuning capacitance of ::±:: 1.0 
per cent. (resulting from arbitrary 
alteration of the conden er, or from 
aging or temperature effect ) cause 
frequency change of le than ::±:: 1 
part per million. 

Plate-voltage changes: (Figure 3) 
Other factor remaining con tant 

change in plate voltage produce the 
frequency change hown in Fiaure 3. 
It i evident that min.or chan ge in 
plate voltage produce very all 
changes in fr quency. Within the region 
of ::±:: 1. 0 volt from the normal of 45 
volts , which i ea ily read on a small 
voltmeter,· the frequency change i le s 
than :± 0.5 part per million. This 
change is not materially influenced by 
the etting cho en for the plate-tuning 
condenser . 

Filarnent-voltage changes: (Figure 4) 
Change of filament voltage produce 

the changes in frequency hown in 
Figure 4. In this case, the frequency 
variation obtained depend upon the 

etting of the plate-tuning conden er to 
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son1.e ex ent, but in the normal voltage 
reO'ion, the variations thu obtained 
are of no eriou con equence. 'Vithin 
the region of ± 0.1 volt from the 
normal of 5.0 olt (which is ea ily 
read on a mall voltmeter) the fre
quency h nge is ubstantially le 
than ± 0.5 part p r million for all  u eful 
op rating condition in the plate circuit. 

Tube changes: (Figure 5) 

.hanging tubes each being operated 
under the ' normal" condition , re-

ult in frequency ch nges as shown in 
Figure 5. It is se n that four out of 
fiv tubes operate to give a frequency 
within ± � part p r million of the 
value obtained w i  h Tube No. 1. 

Vibration 

Ordinary vibration of building does 
not materially alter the frequency of 
the y tern. violent pounding of the 
ba e of the assembly sometimes pro
duce a momentary hift of frequency 
a great a 10 part per million, but the 

hift remaining after the pounding i 
topped i usually much le than this 

value. In the te t , the plate-holder 
was plugged "nto jacks rigidly mounted 
on the walls of the temperature-control 
unit, which in turn was r igidly mounted 
on the upporting ba e. In cases where 
unu ual vibration exist , the frequency 
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FrGURE 4. Variation in frequency of piezo
electric o cillator as function of filament voltage 

shifts may be redu ed greatly by up
porting the plate-holder in oft bat
ting, making the connection through 
smal l  flexible lead , in tead of through 
the plug and jacks. 

ummary of All Ejj'ects 
As an e timate of the absolute 

constancy of frequency of the sy tem 
descr ibed, it may be assumed that all  
of the variations ob erved take place 
and that the effect are all in the same 
d irection. Then we have the following 
summary: 

Variable 

Temperature 
Plate capacity 
Plate voltage 
Filament voltage 
Tubes 
Vibration 

Range of 
Variation 

±0.1°C. 

±1. 0 per cent. 
±1.0 volt 

±0.l volt 
(average) 
(heavy hocks) 

Total 
* Remaining after shock. 

Frequency 
Variation 
(parts per 

million) 
±5 

±1 

±0.5 

±0.5 

±2 

±3* 

±12 

Thi repre e t th range of fre
quency w ithin which the type of o cil
lator con idered would be expected to 
op rate under practical er ice condi
tion . There i every r ason to xpe t 

ome of the e effect to off et oth rs 
under a r rage condition , e n if the 
variables are altered by the full range 
indicated. If the ariable are not al-
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FIG RE 5. Variation in fr qu ncy of piezo
le tric o cillator for different tub , eac h 

operated und r "normal ' conditions 

tered by the full range indicated, the 
frequency variation would naturally 
be re uced. All thing con id red, it 

eem rea onable to expect the fre
u cy variations under ervice con

dition to be 1 tha ::±= 10 part per 
million. It hould be born in mind 
that the abo e con lu i n are ba ed 
entirely upon the premi e h at the o -
cillator y tern is op rated at a low 
power level and that it i employ d only 
as a substandard or a heterodyne 1non
itor, that is, it i op rated with u h. 
weak coupling o any a ociated appa
ratu that the effect of uch equipment 
on the performance of the o cillator are 
entirely negligible. The conclu ion 
ref er only to the variation in frequency 
from the adj usted value and h ave no 
bearing on the accuracy of adju tment 
to a pecified frequency. 

It is believed th.at the effe ·t of aging 
of any of the circuit el ment with the 

exception of the quartz plat and 
holder, can re ult only in change of 
frequ ncy of the order of magnitude 
encou tered wh. n arbitrary change 
are made in he e lement . ging of 
the quartz-plate holder intro uce , in 
the type of hold r h re u ed, very mall 
change in fr qu ncy which for the 
purpo e under con ideration are n gli
gible. There eem to be littl evidence 
that any aging eff ct take place in the 
quartz plate it lf. h.ange in fre
quency which are often laid to this 
cau e are undoubtedly d ue to changes 
in th lat -holder and not to changes 
in the quartz plate. 

The combined piezo-electri o cilla
tor and temperature-control unit (TYPE 
57 5) used in thi work i very v.rell 

dap ed for u e a a imple laboratory 
tand rd. or uch u e , it i onv ni nt 

to employ a 100-kc. quartz plat . A 
th e plate oive omewh at different 
performance than plate in the broa -
ca t-frequency rang , data pertaining 
t them will be pre ente in a later 
article. Harmonic of the cry tal fre
quency are availabl for calibration or 
monitoring purpo e over a wide fre
quency rano·e. In ca e where it i 
de ired to obtain calibration fr qu n i s 
at interval of le than 100 k . , u e 
may be made of a multivibrator ( uch 
as the TYPE 59�) of lower fundamental 
frequency, ontrolled by the 100-kc. 
cry tal o cillator. By adju tment of the 
multivibrator a very large number of 
calibration frequencie may b ob
tained. Detail cone rning the use of 
the equipment will be given in he forth
coming article. 
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A STROBOSCOPIC FREQUE CY METER 
G_By L. B. ARGUIMBAU * 

rooorvsT·o. 

6?> > 

NEON LIGHT 
OSC. UNDER TEST 

FIGURE 1 

AT the time th range of the General 
ft Radio low-fr quency o ciJlator 

wa extended to 25 cp .,t the 
need for more accurate and onvenient 
me hod of mea uring au lio frequen
cies mad it elf felt. After o e con-

idera ion of other m thod t it wa 
ecided to arra g f r the trobo copic 

compari on of unkn wn frequ n ie 
with a ingle primary tandard. The 
method ha proven o convenient that 
we believ a de crip ion of the detail 
may be of intere t. 

In a previou i ue of the General 
Radio E�r:perimenter§ a d ription wa 
given of ynchro u m tor which 
can be driven by 60-cp . and by 1000-
cp . ignal . A n1otor of thi type 
provide a haft who e peed is de
termined exactly y the dri ing fre
quency. Thu , by it u e a di c can 
be obtained who e angular peed i 
known with the pr ci ion of the source 
frequency. 

It i well known that if any uch 
rotating di c i illuminat d olely by a 
light which f:lashe once every rotation 
the di c will appear . ta ionary, for the 

* Engineering Department, General Radio 
Company. 

t ps. is here u. ed to mean ycles per econd. 
t E.g., the u e of calibrated tuned circuit and 

reed , and Braun tu be or tring o. cillograph 
compari ons with low frequencie deri ed fr 
a primary tandard. 

Harold illcin , " ynchronou ::.VCotor-
Driven Clocks," General Radio E.vperimenter, V, 
October, 1930. 

in1ag received by the eye all corr -
pond to one 1 o iti n. im'larly, if the 

wheel ha n pok pa ed uniforn"tly 
and i. illuminated n times every revolu
tion, it will again appear to tan l ·till, 

ince in hi econd ca e the imag will 
all b een when the poke ar in 

imilar po ition . An ext n ion of thi 
argument will how that a wheel of n 

pol illuminated with a lamp fla h-
ing (ax n) tim durino· each revolution 
will appear like a wheel having (a x n) 
pok . ( wher a i any integ r). im1-

larly, if the lamp fla h . n/b tim p r 
revolution (b i an integer) , the wheel 
will till appear to ha e n pol e . In 
fact, if the light fia he any rational 
number a/b tim per pok peri d, 
the wheel will appear to hav (a x n) 

poke . JI A brief consideration will 
how that if the frequency of the light 

fla h differ from le (r�a) by I/b cp ., 

the (a x n) poked pattern will appear 
to revolve at a rate of one poke per 

econd, where J, i the speed of the 
wheel in revolution per econd. 

Having the e well known fact in 
mind, an obvious method of frequency 
adju tment pre ent it elf, namely, 
the compari on of a lamp driven by an 

II Provided, f cour e, that th ere i uffi i nt 
contra t to make the partially overlapping 
fringe visible. Practically this require that 
a and b be mall int ger.. nd r fav n�bl 
condition a may be a hiuh as 5, b a high 
as IO. 
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unknown source with an appropriate 
di c. For examp] , if a di c rotating at 
10 r vo]utions per econd i available 
and it i de ired to set an o cillator at 
300 cp ., it i merely nece · ary to il
lun1inate a wheel of 30 poke once 
each cy le a d adju t the o cillator 
until th poke appear tationary. 

u h a fla hing light can be readily 
secured by u ing a neon lamp bia ed o 
that it fla he only during a very small 
part of a half-cycl . A uitable arrange
m nt for rea]izing the above ondition 
1 hown in Figure 1. 

In our ca e it ha b en found mo t 
conv ni nt to u e the 1000-cycle output 
of a General Radio tandard-frequency 
a semb]y * a a primary tandard. 
0 ca ionally, however, other standard 
so ire s have been us d.t Instead of 
u ing a poked wh l several graduated 
di �c have been made up each answer-

* .Jame K. lapp, 'Frequency Determina
tion,,. General Radio Experimenter, Vol. 3, March, 
19!.i!9; "A ew Frequenc tandard," General 
Radio E.i;r;erimenter, Yol. 3, April, 1929. ee also 
L. ::\I. Hull and J. K. lapp, " onvenient 
J\.fetb d for Referring condary Frequency 

tandards to a Standard Time Interval," Pro
ceedings of the I. R. E., Vol. 17, F ebruary, 1929. 

t Horatio \V. Lamson, 'Electrically-Driven 
Tuning �ork ," General Radio Experimenter, V, 
September, 1930. 

ing a pecific frequency requirement. 
Two such di c (reduced in ize) are 
shown in Figure 2. It will be noted that 
di c cover a very wide range of 
frequencies, giving a large number of 
points. tarting with 10 cp . direct 
comparison are pos ible (with a disc 
turning 10 revolution per econd) at 
10-cp . intervals up to 100 cp . After 
thi , direct compari on are po sible 
every 100 cps. up to 1000 cps., and 
then (with the exception of 1500 cps.) 
every 500 cp . up to 5000 cps. In ad
dition to the e fundamental point , 
all low rational fraction of the e fre
quencies are available. Thus we have 
patterns for every 5 cp . up to 50 cps. 
and every 20 cp . from 100 cp . to 200 
cp ., etc.; likewi e, all even kilocycle 
point up to 10 kc. are available. A a 
matter of fact, it is frequently more 
convenient to u e uch multiple pat
tern than it i to u e the fundamentals. 
For example, when the lamp is lighted 
from a 60-cps. line the 300-cp . pat
tern i immediately noticed, as well 
as the 60-cp . pattern; rotation of one 
spot in ten seconds for the 300-cps. 
pattern indicates a departure of 0.02 
cps. or 1/30 of 1 per cent. in the line 
frequency. Disc B has been found very 
convenient for use in calibrating low-

FIG RE 2.. Typical -inch discs used with the frequency meter. Disc (left) is for general use 
over the entire audio-fr quency spectrum; Di c B (right) is very u efu1 a t  commercial frequencies 
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frequency tuning forks since a large 
number of such multiples are present. 
By it use in conjunction with a stop 
watch, any prea signed frequency in a 
re tricted commercial range can be 
measured directly in terms of the pri
mary 1000-cps. tandard. 

In addition to the e di cs, all of 
which operate on reflected light, a few 
have been made for use with trans
mitted light. everal fa tors, such as 
the ela ti ve ize of he absorbing and 
reflecting ectors, the use of reflected 
or transmitted light, the effect of motor 
"hun ing" and of disc irregularities, 
and the duration of the light flash had 
to be considered in design, but are 
hardly of sufficient interest to be men
tioned here. 

everal troboscopic frequency me
ter have been built for experimental 
u e in the General Radio laboratories. 

FIGURE 3. Thi . ynchronou. motor is portable 
and con nected to sub. idiary amplifier circuit by 
a fl xible cab! . The disc mak u e of tran mitte l 

light 

The fir t model which i in ervice in the 
calibration laboratory includes elf
contained amplifier circuits and is in
tended for operation on a laboratory 

FIG RE 4. An experimental model of the 
stroboscopic frequency meter. Amplifier and 
power-supply circuit have been a embled with 

the s nchronous motor on a ca stered table 

work bench. Another, also with self
contained amplifier, as been mounted 
on a castered table so that "t can be 
used wherever eede . 

In pa sing, it mig t be mentioned 
that a modified strobo cope has re
cently been built to provide a direct 
compari on etwee the primary tand
ard and econd pul e from a pen
dulum clock. This is done by watching 
the change in po ition of a ingle re
flecting ector between u ce iv c
on.cl fla he . 

Thus by the use of a ynchronous 
motor in conjunction with a ingle 

tandard it is po . ible to cover the 
range of audio, commercial, and finally 
of clock frequencie 

Published by 
GENERAL RADIO COMPANY 

CAMBRIDGE A, MASSACHUSETTS 

www.americanradiohistory.com

www.americanradiohistory.com


A Piezo-Electric Oscillator 

WITH TEMPERATURE CO TROL 

llE t mp raLm:e- onLrolled piezo-el c ri o. illator u ed 
J. J . Clapp in th work n quar tz plate de rib din thi i ue 

of the Experimenler i, no omm r iall a ailabl . t on i L in 
eff cL of a T PE 27:-" Pi zo-Electr· 0 illaLor and a 1 YPE 54 7-
Temp rature- ontrol Bo a em bled on a ingl anel for rela -

rack moun ing. 

Th ch ra l ri Li f Lh n w in trument are e en ially th 
same a· for Lh Lwo indi ·dual in LrurnenL wbi h w re de ribed on 
pag · 57 Lo 59 of a al g F. Th a embl in a inO'le unit, howe er 
gr all ·mpro Lh Labilit wi th hi h fr qu n an be main

tained. _Danger from mechani al vibra i n ha been redu ed and 
e n Lial l ad · ha b n ma Leria1ly hortened . 

o ff i i the n w unit that u er of General :Radi TYPE 3""'6 
QuarLz Plate and th TYPE 575- Piezo-Electric Oscillator with 
Temperature n Lr 1 ma xpect to maintain frequen Lo within 
about ten parts in a million. 

PRICE $190.00 
(without quartz plate, tube , or batt ry) 

GENERAL RADIO COMPANY 
OFFICES ., L BOR TORIE� ., F CTORY 

CAMBRIDGE A, M SSACH SETTS 
PA IFIC COAST \VAREHO E: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA 

RUMFORD PRESS 
CONCORD. N.H. 
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