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Several methods of frequency measurement are possible in
utilizing the standard frequency signals transmitted by the
Bureau of Standards. These methods range from those using
very simple apparatus giving results accurate to one or two
per cent, to those using complicated and expensive appara-
tus giving results accurate to 0.01% or better. This pam-
phlet gives one method which is capable of giving a fair
degree of accuracy with a relatively small amount of appara-
tus. The references at the end of this pamphlet give other
methods,

General information on the principles of radio measure-
ments is given in Bureau of Standards Circular No. 74, "Radio
Instruments and leasuremnents, obtainable from the Superin-
tendent of Documents, Government Printing Office, Washington,
D.C., price sixty cents.

Radio Signals of Standard Frequency.- The Bureau of
Standards transmits radio signals of definitely announced
frequencies, on or near the 20th of each month, for adjusting
and calibrating frequency standards and other apparatus. The
signals are transmitted from the Bureau's station, YWV, at
Washington, D.C. The frequencies included are from 550 to
7600 kilocycles per second. Announcements of the da?es apd
other details of the schedules of t{ransnission are given 1ln
the newspapers and radio magazines,in the Proceedings of the
Institute of Radio Engineers, and in the Bureau of Standards
Technical News Bulletin and the Radio Service Bulletin. The
latter two are monthly publications of the Decpartment of
Commerce; either is obtainable from the Superintendent of
Documents, Government Printing Office, Vashington, D.C., &t
25¢ per year. Copies of the current schedule may also be
qbtained upon request from the Buresu of Standards, Vash-
ington, D.C.

These monthly transnissions of standard frequency signals
from station WV are by continuous-wave radio telegraphy. The
schedule begins at 10:00 P.l., Eastern Standard time, and
consists of eight frequencies approximately equally spaced
over the frequency range to be covered.
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4 single frequency transanission lasts 8 minutes. There is
then a 4-ninute interval during which the transmitting set is
adjusted for the next frequency. The wording used in the four
parts of a single frequency transmission is as follows:

General Call 7C7 CQ CQ DE IV WiV WUV CH CQ G DL 1NV IV

(2 minutes) WV -...=STANDARD FRETULNCY SIGHALLS =...-~
FREQUENCY (Statement of frequency in figures
end then spelled) KILOCYCLES DI WV TV WWy™

Standard IFrequency '"(long dasn) WiV (long dash) WiV (ion- dash)

Signal WiV (LOMG DASH)* (Long dash continues a
(4 minutes) minute.
Announcement of 1CQ €0 CQ DE WWV WV YKV FREQUINCY (statemsnt
this Frequency of frequency in figures and then spelled)
{1 minute) KITOCYCLES o
Announcenent of "QSW QSW (Statement of next frequency in fig-
next Frequency ures and then spelled) KILOCYCLES .-... e"eay
{1 minute)

At the end of the evening's transmissions, an announcement is
given of the date and frequency range of the next scheduled trans-
missions.

The following is a sample schedule, the dates being carreat
for 1930.

Sample Schedule of Frequencies in Kilocyeles Per Second.

Eastern
Standard
Time Jan.20 Feb.20 Mar.20 An»nr.21 a2y 20 June 20

10:00 P.M. 1600 4000 550 1600 4000 550
10:12 1800 4400 600 1800 4400 600
10:24 2000 4800 700 2000 4300 700
10:386 2400 5200 800 2400 5200 800
10:48 2800 5800 1000 2800 5800 1000
11:00 3200 6400 1200 3200 6400 1200
11:12 3600 7000 1400 3600 7000 1400
11:24 4000 7600 1500 4000 7600 1500

Note: For current schedule of transmissions, address re-
quest to the Bureau of Standards, Washington, D.C.

The standard freguency signals are carefully measurcd during
transmission and thc frequency sent is very accurately that which
is given in the schedule. Consequently a high order of accuracy
may be obtaincd by using these transmissions., If legs accuracy
is required, however, the transiissions of broadcasting mtations
may be used. Using scveral such stations and gett%ng a nican value
the result should not be in error by =ore than 0.1%.
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ilethod of Ileasurement.

The measurenent of a station frequency may be for either
of two purposes, (a) to standardize a piezo oscillator, & Tre-
quency meter or other apparatus in tersms of the station's fre-
quency, or (b) to determine the station's frequency in terms
of standard apparatus. The methods and instruments used are
the same for either purpose. The riethod here outlined will
be based on the measurement of the frequency of a piezo oscil-
lator. If the frequency of the piezo oscillator is known ac-
curately the same method can be used to measure station fre-
quencies.,

The apnaratus necessary is (1) a piezo oscillator, (2) a
continuously variable radio-frequency generator which is ap-
proximately calibrated, (3) an audio-frequency generator,
and (4) a radio receiver. A4 frequency meter is also very use-
ful but not necessary.

A piezo oscillator produces from one to three fundamental
frequencies, which are fixed by the dimensions of the quartz
plate used. The vacuum-tube circuit arrangement in which the
quartz platec is connected gives numerous harmonics for each
fundamental frequency. The generator, which is continuously
variable, can be adjusted to any frequency, and likewise zives
a series of harmonics for each fundamental frequency to which
it is adjusted. The interaction of a frequency from the piezo
oscillator with a corresponding frequency produoced by the
generator gives a beat note which may be heard in a pair of
head phones in either circuit. The generator may then be ad-
justed to zero beat, i.e., to the frequency of the plezo oscil-
lator. The harmonics present in the piezo oscillator circuit
cnd generator make it possible to obtain a lerge nunber of
points. Any frequency present in the piezo oscillator can beat
with @ corresponding frequency present in the generator and so
give a frequency point which is directly related to one of the
fundamental frequencies of the piezo oscillator. If £ is the
fundementzl frequency of the piezo oscillztor which is belag
used and F the fundemental frequcncy of the auxiliary genera-
tor which =ives zero beat, then

af = bF
where 2 cnd b cre integers (1, 2, 3, 4, ete.)

Excmple of !leosurcment !fethod.

In order to explcin the method, a specific example wi}l be
uscd rather then e genercl discussion. Suppose it is required
to mcasurc thc frequency of o piczo oscillator the cprroxincte
frequency of which is 720 ke et o time when the stendard fre-
quencics in the band 550 to 1500 ke crc availeble.
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If the radio-frequency zencrator is set at 60 ke, the
10th harmonic of it (600 kc¢) will beat with the 600-kc trans-
mission, and the 12th harmonic (720 kc) with the fundamental
of the piezo oscillstor. If the radio-frequency genercator is
set to 80 k¢, the 10th hormonic (800 ke) will beat with the
800-ke tronsmission and its 9th harmonic (720 kc) will beat
with the piezo oscillntor. The 1200 kc signels mey be used
in 2 similcr manner.

Assume the 600 ke transmission is to be uscd. The
standard frequency signal is received first and identificd
with the receiving set in the generating condition. The
radio-frequency generctor is then turned on and adjusted to
near 60 ke, which should give o beat note with the frequency
gencrated by the receiving sct.

As it is ossumed thot no shieldins is used in ecither the
receiving sct or the rcdio-frequency generator, the receiving
sct is scnsitive cnough that telephone receivers connected
to it will give the beat note produced by the intercction of
the frequencies of the receiving set and the radio-frequency
generator. The regeneration of the receiving sct is then re-
duced until the sct just stops gencroating. A beat note should
then be heerd which will in genernl be of less intensity than
that previously hecrd. This is the beat between the frequency
of the radio-frequcncy generator and the frequency of the in-
coming wave., This beat note should be reduced to zero by ad-
Justing the radio-fregquency generator. TFor nost precisc work
this cdjustment should be mode by using a beat frequeney in-
dicator or other mezns of indicating oxccet zero beat. A beat
indicator which will operctc ot eny of the harmonics which
ncy be desired is & complicated deviee. It is questionable
vwhether such & device could be rclicd-ypon to give the Gesircd
settings in the limited time aveilcble., 4 simpler and cquelly
~cecurate substitute is to bring in o simplae tuning fork cs
described below. However, Tor 2 simple discussion of thc stcps
involved in the measurement, it will be assumed thot on ac-
curcte zero-beat setting is obtained.

The rmdio-frequeney generator is thercforc preciscly cd-
justed so that it has o fregucncy of 60 ke. Without chonging
its cdjustment, couplc the piczo oscillator to it looscly.

A beat should be heard in thc telephoncs in the output of the
piezo oscillator uunless the pilezo oscillator is coxactly an

even multiple of 60 ke. Suppose, for exomple, it is 720.520 ke.
In this casc a best of 520 cycles per sccond will be hecrd.

To determine the veluc of this note, the cudio-frcquency
generator must be used.

, The frcquency of the beat note and the frequcncy of the
csudio-frequency generntor mey be comparcd by using single phone
units from cecch source cnd rapidly interchanging them ot the car.
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If sufficient intensity is available from the two sources then
the two audio frequencies will combine and beats may be heard

by the ear when the audio-frequency generator is closely adjusted.
For exact zero beat the frequency of the adjustable audio-fre-
gquency generator gives the difference in frequency between the
12th harmonic (720 kc) of the generator adjusted to 60 k¢ and

the fundamental of the piezo oscillator.

. Fig. 1 gives a diagrammatic representation of the frequencies
used. It is necessary to determine whether the piezo oscillator
is higher or lower than 720 kc. This can be done by varying the
frequency of the readio-frequency generator. If increasing the
frequency of this generator results in decreasing the beat note,
then the piezo oscillator is higher than the reference frequency,
that is, the audio frequency is to be added 1o 720 kc. If the
rTeverse is true then the audio freguency is to be subtrected.

Use of Audio-Frequency Note in lMeasurement.

A change in the method described above which does not require
a bedt indicator, is to adjust the generator %o hcve a known fre-
quency differcnce with the incoming wave by meeans of matching
with that of a tuning fork of knowin frequency such as 1000 cycles
per second. This mcthod is more complicated in calculation be-
cause a record must be made (1) as to whether the generator was
cdjusted higher or lower than zero beat, (2) the frequency dif-
ference, and the harmonic relations between, (3) the standard
signal and the generator, (4) between the gencrator and the
piezo oscillator. The hormonic reletions, however, come in to
any method of measurecment of this kind. The measurements involving
the use of the tuning fork for adjusting the gencrator to give a
beat note 1000 cycles per second velow the 600 kc signal would be
made as follows, cnd arc shown diagrannatically in Fig.2. Set
generator from approximcte zero beat at 60 ke to 59.9 ke. The
10th harmonic is 59.9 x 10 = 599 ke (beets with 600 kc in re-
ceiver which is not oscillating and gives a_1000-cycle note).
The 12th harmonic of the gencrctor (59.9 x 12 = 718.8 kc) moy now
be heard beating in the telcphones of the piezo oscillator which
is known to be approximately 720 kc. If this value were exactly
720 k¢ a note of 720-718.8 or 1200 cycles would be heard. Hovi-
ever, the beat note produced is notched with & correspondlpg
note from the sudio-frcquency generotor. If the piezo oscllla§or
had the frequency of 720.520 kc as assumed previously, the audio-
frequency note measured would have been 720.520-718.8 = 1.72 ke
or 1720 cycles ‘per second.

Uhether to cdd or subtract the audio note of 1720 cycles
to the known frequency of 718.8 ke would be decided es follows
7hen the generctor vwins set lovier thaen the stendard freguency
signal. If lowering the frequency of the generctor 1ncreascs
the beet note (1720 cycles in this case), odd the beat note, or
if increasing the frequency of thc genercator dccreases the beat
note, add the bcat note.
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The mecsurenent could also be made by edjusting the genera-
tor to 60.1 ke usinz the thousand-cycle tuning for, s in Fig.3.
- The 10th harmonic is 60.1 x 10 = 601 kc which beats with the
standard frequency signal of 600 ke and produces & 1000-cycle
note, A certcoin audio-frequency note is produced in the telce-
phoncs of the piczo oscillator, which is motehed with o similer
notc from the nudio-frequeney oscillator es beforc. If lowering
the frequency of the gencrator reduccs the sudio note heard,
subtrcet it from the known frequency of 721.2 ke, or if increcs-
ing the freguency of the generctor increases the cudio note,
subtract it. The audio notc heard with a piczo oscillator hav-
ing the assumed frequency would be 680 cycles, hence 721.2 = 0.680 -
= 720.52 ke.

If other standard frequency signals eare used with the tuning
fork sugzested above, the beat notes obtained mey be too high to
work with successfully. In such a case thc generator freguency
would have to be changed so thet the harmonic beating with the
piczo oscillator ond the one beating with the standcord are of a
lower order. In general, the hermonic numbers employed should be
smcll, as otherwise considercble audio-frequency amplification
may be required and the beat notes may be too high for usc.

For succcss in using the standard frequency signels, the
mecsurements which are to be made should be plenned in advance,
with approximate adjustments for the generator and rcceiving set
known, and the harmonics of the generctor and piezo oscillaetor
to be employed chosen in cdvence. The standard frequency signals
cre of relatively short duretion, which does not permit of
searching for suitable combinations of harmonics. Some signels
may not be of suitable frequency to work in readily for the per-
ticular cclibretion or meesurcment to be made.

The methods dcscribed cbove are cancble of giving very ac-
curate values of Trequency if properly carried out. Iuch less
accurate valucs may be obtzined by colivieting a froequency meter
in terms of the standard frequency siguols and then measuring
the piezo oscillztor by means of the frequency meter.

Other methods arc given or suggested in the articles of the
short refercnce list appended. '

Refcorences to Furthor Informetion.

(Note.- Thesc publications arc not issucd by nor aveileblc from
the Burenu of Standards, cxcept wherc noted. They can be con-
sultcd in public librerics which maintain filecs of pcriodicals).

Piczo-glectricity

Piczocleetric resonators. W.G.Cedy. Physicel Review, 17,
p.531; 1921.
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The pieczoelecectric resonstor. W.G.Cady. Proccedings of the
Institute of Redio Engincers, 10, p.83; 1922.

Piezoclectric crystal resonctors and crystnl oscillators ap-
plicd to the precision calibration of wavemscters. G.W.Pierce.
Proc.Aimericen Acadenty Arts & Sciencus, 59, pp.81-106; 1923.

Piczoelectric stondords of high frecquency. W.7.Cody.
Journal Optical Society of America, 10, p.475; 1925.

Usecs ond possibilities of piezoeclcctric oscillators. A.Hund.
Procccdings of the Institute of Radio Engincers, 14, pp.447-469;
August, 1926. '

Piezoclcetric quartz resonator and equivelent cleetric cir-
cuit. D.W.Dyc. London Physicel Society Proccecdings, 38,
PP.599-458; August, 1926.

.Usc of the piczo oscillator in rrdio broadcesting stetions.
Burcau of Stzndards Letter Circular 279. Obtaincble upon rcguest
to the Burcau of Stenderds, Weshington, D.C.

Juertz crystcl calibrators. A.Crossley. QST, 11, pp.23-27;
Mereh, 1927.

Rzdio frequeney stondards. R.C.Hitchcock. Elcctric Journal
XXIV, No.9, pp.430-438; Scpt., 1927.

A method of using frzctional harmonics of quertz crystels.
J.H.Barron, Jr. Rzdio Service Bulletin, Decc.31,1927, pp.7-8.

Bibliography on piczo clecetricity. W.G.Cady. Proccedings
of the Institute of Radio Enginecrs, 16, pp.521-535; April,1928.

Frcquency ilcasurenents.

Universal frequency standerdization from a singlc frequency
stendard. J.K.Clapp. Journcl Opticel Socicty of America and
Review of Seientific Instruments, 15, pp.25-47; July, 1927.

4 method of calibroting o low frequency generctor with o one
frequency source. S.Harris. Proccedings of the Institutc of
Redio Engincers, 14, pp.213-216; April, 1926.

Frcqueney checking station ot lMere Island., G.T.Royden.
Proccedings Ianstitute of Redio Engineers, 15, Pp.313-318;
April, 1927, \

A convenient method for referring sccondary frequency stanggrds
to o standard timc intervel. L.!.Hull cnd J.K.Clapp. Proccedings
Institute of Redio Enginccrs, 17, pp.252-271; Fcb., 1929.
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A system for frequency mensurcments bascd on & single fre-
quency. DL.L.Hall. Procccecdings Institutc of Radio Enginccers,

17, pp.272-282; Fcb., 1929.

The routine mecasurcment of the operating frequencics of
bro~dcast stotions. H,L.Bogardus and C.T.llanning. DProcecd-
ings Institutc of Rodio Engincers, 17, pp.1225-1239; July,1929.

Thc cxacet ond prceisc mecsurcrncnt of wave length in radio
troansmitting stetions. R.Broillard and E.Divoire. Experincntal
Wircless and Wircless Engincer (London), 4, pp.322-330; 394-
401; 1927,

Mcasufomcnt of wave lengths of broadeasting steotions. R.
Braillsrd and E.Divoirc. ZExperimental Wircless cnd Yireless
Engincer, (London), 6, pp.412-421; 1929.

Icasurement of the frecquencies of distent radio transmitting
stations. G. Pcssion ond T. Gorio. Proccecdings Institute of
Rodio Enginecrs, 17, pp.734-744; April, 1929.

Method cond cpporatus uscd in testing piczo oscillators for
brocdcasting stations. E.L.Hall. Burcau of Stendards Journal
of Rescarch, 4, pp.l115-130, Jan, 1930; elso availzble &s Re-
scarch Prper No. 135 from the Supcrintendent ol Documents,

Government Printing Officc, Vashington, D.C., price 10 cents.
Procccdings Institutce of Radio Engincers, 18, pp.490-509;
Merch, 1930,
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