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USE OF THE PIZZ0 SZCILLATOR IN BaDIO BROsDCASTING STaTIONS.*

General

This Letter Circular considers one important application of
the piezo oscillakor, namely, its use in a broadcasting station
for checking and assistinz in the maintenance of a constent fre-
quency close to the licensed valiue. This is not the saze thing
as automatic plezo control, in vwhich the amplified outnut of a
piezo oscillator is ao+ucl]y trausmitted. The discussion herein
is in two parts, viz., su.zestions for the constructiorn of the
viezo 030111ator and specific instructions for the varticular use
Just mentioned. Informtion on coustruction of a niezo oscillator
for seneral purnoses is ziven in +his SBureau's Letter Circular 186,
which mey te octained unon recuest from the Bureau of Standards.
Blueprints also will be furnished to wersons actually contemolating
the construction of the fevice. 7The vrecent Letter Circular is sup-
plementary to Letter Circular 135 in respect to the construction
of the piezo oscillator.

The modifications descrivied herein render the counstruction
sonewhat simmler and less expen51ve than the construction out-
lined in Letter Circular 186. Other tynes of piezo oscillators
are suitable for checkinz the fregiency of a broadcesting station
Yy the methods descrived in this Letter Circular.

Autonaflc piezo control, that is, where the niezo oscillator
is made a part of the tremsaittin. ciremuits, is urooaoly the vest
method of frequency rezulaticn, the chief arvanfa e vein. the
elimination of errors irn ovservation and adjustaent. Hov ‘ever,
this concdition nay in i%self constitute a disadvartaze since in
case of failure of the piezo control to function proweriy the
“rouble m2y not Tecoxe kuown for @ consideravie tine. The incor-
roration of autonatic piezo control is elzoorate and exvensive.
On the other hand. the use of the viezo oscillator as a seperate
ijevice for checkin: is & very sianle metter ecanse no £odifi-

%ions vhatever aTe required in the trars.ittin; set.
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; The use of the piezo oscillator as a separate device for
checking has been found by the Bureau of Standards to be useful
and satisfactory, and has two distinect advantages over a frequency
indicator, frequency meter, or any similar device which indicates
the proper adjustment by maximum deflection of a needle moving
over a scale. TFirst, it is a particularly constant frequency
standard, since when properly designed the frequency it delivers
depends only on mechanical constants of the quartz plate. Second,
the indication of a piezo oscillator is unaffected by fluctuations
in the station's power or degree. of modulation. For this reason
it may be used to check the frequency of the broadcasting station
with equal accuracy under all conditions of operation. & caution
Tequired in usinz the piezo oscillator, as compared to a device
Usinz a visual indicator, arises from the fact that some confusion
may be caused by the production of beats from so-called fractional
harmonics. This difficulty is overcome by familiarity with the
use of the piezo oscillator and by securing an initial acdjustument
of the trancmitting set giving approximately the required frequency.
In cost, the piezo oscillator is about equal to that of a well
designed frequency indicator* or equivalent instrument.

Modifications over Specifications in Letter Circular 186.-
The following changes in the Letter Circular 180 specifications
simplify the construction and give an instrument satisfactory for
this purpose.

Blueprint Sheet No.l (with Letter Circular 186).- Omit switch
13, points F and P and switch stops. Location of this switch is
shown near upper rizht hand corners of two plan views, Sheet No.l.
“When wiring the circuit, make connections as if switch 13 were on
point F.

Blueprint Sheet No.2 (with Letter Circular 186).- Changes in
wiring as follows: wire directly from terminal eleven 10 terminal
marked "-A". Omit wire leading from switch point P.

Blueprint Sheet No.3 (with Letter Circular 1£6).- Make one
coil form instead of two, also one pair of spring catches for holé-
ing coil in cover of cavinet instead of two pair. (See Letter
Circular 186, page 3, last paragraph). This coil fora is wound
with a sinzle layer of No.24 AWG (B&S) double cotton covered wire.
The approximate number of turns is determined by the frequency of
the broadcasting station in which the pilezo oscillator is to be
used. If this frequency is below about 800 kilocycles, 4O turns
are satisfactory; for freguencies higher than this, about 25 turns
should be used. The turns specified assume the use of a 0.001
?écigg?rad variable condenser (blueprint sheet No.l accompanying

* See Bureau of Standards Letter Circular 180.
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Care 2nd Coeration of tie Plezc Oscillator.

The cuartz plete with its holder shiould e conzicered as a
unit and snculd not e copened. The plate and holder guculd e
ugel in the sane nosition in whiclh they were when the device vas
celibrated. oSeversin: the position may cause 2@ s1i:ht cuanse 1in
frequency.

ry ativeries wmey e used to supnly the necessery power to
the piezo oscillator. It is very cesiranle thet these e placed
in a ovattery wox with convenient connection teriminels plainiy
-arkxed which are comnected to the piezo oscillator with Tlexitle
ipgulated leads. If a dry cell a-vettery is employed the filazent
Theostet should at ¢11 tizes e turned off when the plezo oscil-
lator is not actually in use; othervise Ifrequent renevals will Te
necessary. The use of a storaze aA-vattery is to Le preierrecd.
Tailure of the piezo oscillator to operate may be cue 10 ceiective
A or B Satteries or a defective tube. Occasionally trouble may Te
due to the quartz plate stickinz in the holder and this ey ve
overcoze Ly shexzine the holler slizhtly.

Tise in CHeckrinz Freouency of Zroadcastinz Station.

4

quency of tae Troadcasting station (see instructions in lLetter

—laT,

After the cuartz olate has Leen adjusted to the licensec fre-
s

Girculer 185) the niezo oscillator is realy ZoTr use in checzing
the frequency cf thet station. Tae piezo oscillator is nlaced in
the operatin: room in a ceonvenient location for listeniny ia the
heacdphones and meking the necessary ifreguency adjustuent of the
transmitting set. The aost sstisractory location is Jetermined
by trial. If the piezo csciilator ig too close o the source of
power its operation may ve unsteady a8 evidenced Ly jerking of the
needle of the wmillizmmeter. If too far avay, & beat note of satis-
factory intensity will not e ovtained. II necessary, the leads
to the headphones mey e lengthened in order that the s&me 0DServer
may make the sdjustment of the trensnitting circuit viile listening

to the heat note in the phones of the piezo oscillator.

In the initial use it is very c¢esiratle that soxe forn of fre-
quency meter {wavemeter) e used O obtain en approximate freguency
adjustient of the trensmititing set and also to ensure that the veat
note obtained in the phones oI the piezo oscillator is produced Oy
the fundarental frecuencies. After e little experlence nas teen
zained in the use of the piezo oscillator it should notv e neces-
sary to employ an auxiliary measurin; instruaent.

After mekxing an approriuate aciustment of the transmitt@ng'set
to obtain a frecuency cifferinz Ty not aore than about ten kilo-
cycles from the piezo oscillator, e beat note will e heard inm tue
phones of the wiezo oscillator. This Teat 1is caused 2y the inter-
action of thae two freguencies. The freguency of the transmitting
set is then adjusted in such a manner that the pitch of the Teat
note becomes lower and lower. The adjustzent 1s carefully con-
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tinued until zero beat is produced; that is, the condition where

the beat is no longer audible in the headphones of the piezo oscil-
lator but reappears when the freguency of the transaitting set 1s
increased or decreased sli htly. This indicates that the transumit-
ting set is very accurately adjusted to the frequency of the piezo
oscillator. This condition shoulé we checlred at intervaels by listen-
ing in the headphones to ascertain that a constant frequency 1is Deing
meintained. GCare should e taken to see thet the piezo oscillator is
generating at all times when the Irequency of tie transmzitiing set is
bein; checked, otherwise it wmay eppear that a zero Leat adjustzent ie
beinz meintained when actually the freguency of the transaitiing set
has shifted.

Constant Frequency Stations.

A list of certain broadcasting stations designated as

Pconstant frequency stations® is oudlished monthly oy the Bureau of
Standards in the Radio Service 3Bulletin. zach of those stations em-
ploys a svecial device for maintaining its freguency close to the
licensed value and By virtue of fulfillinz certain conditions is of
value to the public as a standard of frecusncy. The piezo oscille-
tor is the most commonly used device for this vurnose. The con-
“ditions prerequisite to inclusion in the published list are: the
frequency calibration of the device must be in agreenent with the
frequency standard of the Bureau of Standards; a ppecial procedure
frequency check at short intervals) must be followed in the use of
the device ‘o maintain constant frecuency of the transaitting sta-
tion; and the transmitting set, antenna, etc., must Be of such de-
sizn and construction as to e suitatle for accurate frequency
maintenance. '

Broadcasting stations not included in the 1ist of standerd fre-
quency stations or the 1ist of constant frecuency staticns and
which utilize the piezo oscillator as described In this Leuter
Circular are invited 0 communicate with the Burezu ol Standards
givinz details of the method of checking the station frequency and
information concerning the transmitting equipment waich would have
2 bearing on the constancy of the radieted Ifreguency. Desailed in-
formation is given in Letter Circular 214, "Requirezents of Constant
Frequency Stations,” which mey be obtained upon request.
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