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USZ OF STANDARD FREQUENCY TRANSHMISSIONS
IN CEECKING STANDARD OSCILLATORS.

This pamphlet gives methods of frequency measurement for
utilizing the standard frequency signals transmitted by the
National Bureau of Standards. The references at the end give
other methods, which range from those using very simple appar-
atus giving results accurate to one per ceat, to those using
complicated and expensive apparatus giving results accurate to
better than a part in a million.

Radio Signale of Standard Frequency.— The National guyeau
of Standards transmits standard-irequency signals, for adjust-
ing and calibrating freouency standards and other apparatus, one
day each week from the Bureau'ls station, WiV, in a suburb east
of Washingt:in, D.C. These weekly transmissions are by continuous=—
wave telegrephy at 5000 kilocycles, and are accurate at all times
to better them 1 cycle per second (1 part in 5,009,090)0 An—
nouncements of details of the schedules of transmission are given
in the newspapers and radio magazinee and in the Burcau oﬁ Stand-
ards Technical News Bulletin and the Radlo Service Bulletin,
Copies of the current schedule may also be obtained upon request
from the Burcau of Standards, Washington, D.C. At the date of
this pemphlet, the transmissions are mads Cvery zuesday, oonglna
uously from 2 to 4 P.M., and from & to 10 P.M., Eastern Standar
Time,

The transmissions consict mainly of continuous, unkeyed i1
carrier froqucncy. For the first five minutes the gonerg%tcg
(CQ de WWV) and announcemcnt of the frcqucncyquo tx%n§m1 qc o en
The frequency.and the call letters of the station (Wwwv) arc giv
every ten minutes thercafter,
/ Method of Mcasgurement

The commoncat usce of the standard frequency tr@nsm}iiiggs
i M o T0 "
i1s to determine accuratcly the frcqu%ncy of a {L;ZO ozgi . con:
The apparatus ncccgsary is (1) ghe piczo 08611‘? ar?a 2) a con
tinuougly variablée radio~froqgency genoratoa Wq ggrlgangp 5
mately calibratced, (3) an audio-frcquency g:,ncrat , is s Saem
radio receiver. A frequency moter of rcgonance type
ful ag an auxiliary but is not neccosarye
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The fundamcntal frequency of a piczo oscillator is fixed

by the dimensions of the quartz plate used, The vacuum—tube
"~ circuit arrangement in which the quartz plate is connccted gives
nuacrougs harmonics for ecach fundamental frequency. Thc gen-
crator, which is continuougly variabld, can be adjustced to any
frequency, and likewisc gives a ceoricsg’ of: harmonics for cach
fundamental frequency to which it is adjusted. If the frequéney
of the radio-frequency gencrator is varicd over a wide range,
bcat notcs arc vroduccd at a number of settings of thce gencrator
by the interaction of various harmonice of the fuandamental fre—
guency of the piczo oscillater with & harmonic of the fundamental
frequency of the gonerator. The beat notes may be heard in a
pair of head phoncs suitabiv connccted o the geuncrator or to the
piczo oscillator. Any frequency prescnt in the piezo oscillator
can beat with a Gorrcsponding frequency prescnt in the radio-fre-
quoncy gencrator; which makes it possible t2 get the geoncrator
at a numbor of frcguencics which are dircctly related to the
Tundamental frequency of the piczo oscillator, Providing the
harmonic relationship is kucwn, mecasurcments can be made at a
great number of frequencics in terms of a singlc standard fre-—
quency.

If 7 ‘¢ the fundamental freguency of the piezo oscillator
which is bo:rz used anl F the fundaméntal frequency of the auxil-—

iary gencra. . which gives zcro boat, then

~t

v Uy

f = bF

Qo

where a and b arc integers (1L, 2, 3, 4, etc.)

The procedure is simplcst when ihe ratic of 5000 ko to the
nominal freguency of the piezd osciliator o be standardized is
a fairly small integer, less than 1060, For instance, scéondary
standards whosc fundamental frequencics are 50, 100, 200, 500,
or 1000 ke cah be measured very rcadily in terms of the 5000-k¢
transmissions, and thesc scuondary standards may be advantagcously
used in turn to callbrate ciher apparatus. 1t is however pos-
8ible to use the 5000-kc signals to esvablish accurasvcly any
desired freguency. '

Examples of Meagurcment HMethod

Supposc it is required to méasure the frquenoy of a piczo
0scillator, thc approximate frequency of which is 700 ke, in terms
of the 5000-kc standard frequency signalse.

If the radio-frequency generator ic set at 100 k¢, the 50th
harmonic (5000 kc¢) will beat with the 5000-kc transmission, and
the 7th harmonic (700 ke) will beat with the fundamental of the
Pieczo oscillator.
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The 5000-kc standard frequcency sicgnal is received first
and identified with the receiving set in the gencrating con-
dition., Thec radio—frcouency gencrator is then turncd on and
adjusted to near 100 ke, This should give a beat note with
the frequency generated by the receiving set, Thé regeneration
of the receiving eet ig then reduced until the set just stops
generating. A beat note should then be heard which will in
general be of legs intengity than that previously heard., This
is the veat between the frequency of the radio-frequency genera-
tor and the frequency of the incoming wave. This beat note
ghould be reduced to zero frcquency by adjusting the radio-fre-
quency gencrator. For most precise work this adjustment should
be made by using a beat freguency indicator or other means of
indicating exact zero beat. A oimpler and equally accuratc cub-—
stitute is to bring in a tuning fork as described below., How-
ever, for a simple discussion of the steps involved in the meas—
urement, it will be assumcd that an accurate zero-beat setting
is obtaincd.

The radio—fregquency gencrator is therefore preciscely a@—
justed so that it has a frequency of 100 kc. Without changing
its adjustment, couplc the piezo oscillator to it loosclye A
beat note should be heard in the telephones in tie outpu? of
the piezo cucillator unless the frequency given by the piczo
oscillator *u an exact multiple of 100 kc. Suppose, for cxample,
it is 700,55 ke, In this casc a beat of 520 cycles per socgnd
will be heard. To detorminc the valuc of this notec, the audio-—
frequency generator must be uscde

The frequency of the beat note and tho frcguenoy of the
audio~frequency generator may be comparcd by using single phone
units from cach sourcc and rapidly interchanging them at tpo Car.
If sufficient intensity is awilable from the two sourccs thon
the two audio freoauencics will combine and bca@s may be heard
by the ear when the audio-—Ifrcqucency gcnoratoi is clogcly ad—
justed., For cxact zoro beat the frequcgcy oZ tgo adjustable
audio-frequency gencrator gives the giffcrence 1n'frequenog
between the 7th harmonic (700 kc) of the gencrator adjucted to
100 kc and the fundamental of the piczo oscillator,

Fig, 1 givecs a dlagrammatic reprpsen?atiop of theTfreT
quencics used. It is nccessary to detcrnine wgothcr the piczo
oscillator ig higher or lower than 700 kc. This can be do?c.by
varying the frequency of the radio—frgquonoy genoyatg;orciﬁi;n-
creasing the frequency of this gencrator ;csu}tsﬁln hoc thu g
the beat note, then the piczo oscillator 1s hlghur_z %n K C
refercnce frequency, that is, the audlo fr?ggcnoy is dgo gro~
added to 700 kc. If thc reverse is truc, then the au
quency is to be subtractcd.
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Usc of Audio—Frcgucncy Notc in Measureoment

A change in the method described above which docs not
requirc a beat indicatvor, is to adjust the radio-frequency
generator to have a known Frequency difference with the incom—
ing wave by mcans of matching with that of a tuning fork of
knowmn frequency such ag 1000 cycles poer sccond., This moethod is
norc complicated in calculation becausc a rccora rmust be made
(1) as to whothor the radio-frequcncy goncrator was adjusted’
higher or lowor than zero beat, (2) tho frequency diffcronce,
and the harmonic rclations botween, (3) the standard cignal
and the radio—frcquency generator, and (4) bctween the radio—
frequency’ genorator and the piczo oscillator. The harmonlc
relations, however, come in to any method of neasurcnent of
thigs kind. Tac moasurements involving the usc of the tuning
fork for adjusting thc gencrator to give a beat note 1000
cycles per sccond below the 5000-ke signal wguld be made as
follows, and arc shown diagrammatically in Fig. 2., Sct gen—
crator from approximatc zoro beat at 100 ko to 990983{0o The
50th harmonic io 99.98 xz 50 = 4999,0 ko (beats with 5000 ko
in roceiver which is not oscillating and gives a 1000-cyclo 6
note) . he 7th harmonic of the generator (99,98 = ] = 699¢8
kc) may now “¢ heard beating in fhe telephones of the piczo
oscillator wiich is known to be approximately EOO kG, Iﬁotnls
value werc :.actly 70¢ ke, a notc of 700~699,850 ko or 1t
cycles would be hcard. Howcver, the beat noto.produccd is
matched with a corresponding note from the aUd10~£ICQUC?CY
gencrator. I the piczo oscillator had the frequency Y "
700,520 kc as assumed provicusly, the aule“I$gquchy n868
neasurcd would have bcen 700,520-699 .860 = 0,000 ke or

cycles per secondo

Whethor to add or subtract The audio note 01.6§o GYC%O§~
to the known frequency of 699,860 kc would be deoidod %ﬁqnothe
lows when the radio—frequency gencrator was set l%ﬂﬁ? £ the
standard frequency signale. If lowering tng*freguu?géoooyclos
radio-froquency generstor increases the BOAL MOYE 4o Gine
in this case), add the beat notc frequency, ox éccrea°05 the
the frequency of the radio-frequency gencrator .
beat note, add thc beat note frequencye
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The measurement could also be made by adjusting the genera-—
tor to 100.020 kc using the thousand-cycle tuning fork, as in Fige
3. The 50th harmonic is 100,020 x 50 = 5001 kc which beats with
the standard freaquency signal of 5000 kc and oroduces a 1000-
cyclc note. A certain audio-frcouency note is produccd in the
telephoncs of the picezo oscillator, which is matched with a simi-
lar note from the audio—-frequcncy oscillator as beforc, If low—
cring the frequency of the radio-frequency gencrator reduces the
audio—frequency notc heard, subtract it from thc known frcquency
of 700,140 k¢, or if incroasing the fregquency of the radio-fre-
quency gencrator incrcascs thc audio notc, subtract it. The
audio~frequency notc heard with a piczo oscillator having the
assumcd frequency would be 380 cycles, hence 700,14 + 0,380 =
700,520 kc.

The example which has boen cited 1s onc-of the simplest
cases which would be cncountcred. The frequency of 700 ko
which boars a comparatively simple rclationship to the 5000-kc
standard frequency signal, was sclccted to indicato the funda-~
mental method. In order to be ablc to measurc any oroadcasting
frequency in tormg of the 5000-ke standard frequency signal
it is neccessary to sct the radio—frcqucncy gencrator to approxi-
mately 10 kc and then procoed as baforc. In this casc the beat
betwean the 370th harmonic of the 10-kc gencrator and the 5000-ke
gtandard frciicncy signal is so weak that it is almost inaudible
unlcss consicoerable audio—frequency amplification is uscd In
order to strengthen the beat notc, two radio-freguency gencrators
can be used, onc ot on 100 ko and the other on 10 kCo The 100-ke
gencrator igc coupled to the roceiving ect as indloateg, @nd
the 10-kc generator is sct by means of a vicual beat indicator
€0 that ite 10th harmonic (100 kc) produccs a 20TO boat with the
100-kc gencratore One of the manual adjustments can be cllmlnapcd
by using a multivibrator which otCps the 100 kc down to 10 k¢, in
placc of the 10-kc gencrator. The accuracy ol the measuronents

will bc considerably improved if this is donce

The methods degoribed above arc capable ol €1V1n§ xgg% ac=
curate valucs of frequency if properly carried outbo ;i

. Ny ] d
aim; a ; oas acouratc valucs may be obtalnt
impler procedure by which lcos a orms of the standard fro-

is to calibratc a frequency meter in & . N
quency signals and then measurc the piczo oscillator by wcans of
the frequency meters
' . e +-
Other frequency measurcment mothods arc given oT cuggested
in the artiolos of the reference list appcnded.

Refcerences 10 Furtiacr Infornations

. 1 i ¢ from
(Note.— Thesc publications ard not 1ssug%cgy, ?ggyaggilgglcon— 4
the Bureau of Standards, cxcept where nc f?lﬂs of poriodicalS)-
sulted in public librarics which maintain 11-€
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Piezo-electricity.

Piezoelectric resonators, W'G°Caay; ;Physioa1 Review. 1
p.531; 1921, i » L,

Tpe piezoelectric resonator, W.GyOédye Proceedings of the
Institute of Radio Engineers, 10, p.£3; 1922.

.Piezoeleotric crystal resonators and crystal oscillators ap-
plied to the precision calibration of wavemeters. G.W.Plerce.
Proc.American Academy Arts & Sciences, 59, pp.81-106; 1923,

Piezoelectric standards of high frequenoy. W.G,Cady. Journal
Optical Society of America, 10, p.475; 1925.

Uses and possibilities of viezoelectric oscillators. A.Hund.
Proceedings of the Institute of Radio Engineers, 1M, pp. HH7-1469;
August, 1926. ,

Piezoelectric quartz resonator and equivalent'eleCtric cir-
cuit. D.W.Dye. London Physical Society Proceedings, 38,

PP.399-458; August, 1926.

Quartz crvstal calibrators. A.Crossley. QST, 11, pp.23-27;
March, 1927.

Radio frequency standards. R.C.Hitchcock. Electric Journal
XXIV, No.9, pp.430-438; Sept., 1927.

Mounting quartz oscillator crystals. R.C.Hitchcock. Proce
I.R‘EO’ _:_1._5_, pp0902—913; NOV., 19270

: ; o i £ rystals
A method of using fractional harmonlcs Ol quartz crystale,
J.H.Barron, Jr., Radio Service Bulletin, Dec,3l, 1927, ppPe/ 8.

1 . wsodity . ¥ . oceedings
Bibliography on piezo electricity. W.G.Cady. 2% April, 1928.

of the Institute of Radio Engineers, 16, pp.521-535;

ration and temperaturebooof*
F.R.Lacke. Proc.I.R.E.,
Tech. Jnl., 8, pp.515-535;

Observations on modes of Vvib
ficients of quartz crystal platess
17, pp.11l23-11b1, July, 1929; Bell Sys.
July, 1929.

The dimensions of low frequency quartz OSCillaForié_eg:Cc
Hitchcock. Review of Scientific Instruments, 1, DPe ’

Jan., 1930.

Design of a portable temperature—cont{olled pigZo bs;él%aggr-
V.E.Héaton and W,H.Brattains B.S.Jnl. gilResiggg s ) PDPe
March, 1930, Proc.I.R.Ee, 18, pe1233; Jut¥s ‘
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Temperature control for fréduenoy standards. J.K.Cla
Proc.I.R.E., 18, p.2003; Dec., 1930, " o

Somg experimental studies of the vibrations of quartz plates.’
R.B.Wright and D.M.Stuart. Bureau of Standards Jnl. of Research,

1, PP.519-554; Sept., 1931. RP356,

‘ Quartz plate mountings and tcmperature control for piezc
oscillators, V.E.Heaton and E.G.Lapham. B.S.Jnl. of Research,
1, Pp.683-690; October, 1931,

Frequency Measurcments and Apparatus,

Universal frequency standardization from a singlc frequency
standard, J.K.Clapp. Journal Optical Society of America and
Revicw of Scientific Instruments, 15, pp.25-47; July, 1927.

A mcthod of calibrating a low frequency generator with a one
frequency sourcc. S. Harris. Proccedings of the Institute of
Radio Enginecers, 14, pp.213-216; April, 1926.

Frequency checking station at Mare Island. G.T.Royden. ‘
Procccdings Institute of Radio Engincers, 15, pp.313-318; April,
1927.

The exact and precise measurement of wave 1gngth in radio
transmitting stations. R.Braillard and E,Divoirc. Experimental
Wircless ahd Wirélcss Engincer (London), 4, pp.322-330; Junc;
pPp.394-401, July, 1927.

Preocision determination of frogqucncye. g.W.Horton and W.A,
Marrison. Proc.I.R.E., 16, pp.137-154; Feb., 1928.
A convenient method for referring sccondary frecquency sEan@ards
to a standard time interval. L.M.Hull and J.K.Clappe EIOCqulnga
Instituto of Radio Engincers, 1, pp.252-271; Fcbe, 1929.

' me c single fre—
A syetem for froequency measurcments bascd on a 51D 1
quency., E.L.Hall., Procecdings Institutc of Radio Enginecrs,

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

i Surc £ the opcrating frequencics of .
The routinc mcasurcment of I P 3 Lo oedings

broadcast stations, H.L.Bogardus and C.T.Manning.

I.R.E., 17, pp.1225-1239; July, 1929,
¢ sti ctationg.

Meagurcment of wave lengths of broadcasting ot .
R.Brgiilagﬁcand E.Divoire. E crlmcngal wirelcss and Wireless
Engincer, (London), 6, pp.H12-H21; 1929+

Meagurcment of the freguencies of distagtEraéi% t;;?$§1t§in%
stationg. Ge.Pession ancd T.GOT10. Procel.Rels, ’
April, 1929.
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A high precision standard of frequency. W.A.Marrison, Proc.
IReE., 17, pp.1103-1122, July, 1929; Bell Sys. Tcch. Jnl., g,
pp.493-51%, July, 1929,

An clectromagnetic monochord for the measurement of audio
frequencies., J.H.Owen Harries. Proc.I.R.E., 17, pp.1316-~1321;
August, 1929. '

Mcasurement of frequency. 8S.Jimbo. Procel.R.E., 17, pp.201l-
2033; Nove, 1929.

Mcthod and apparatusc uscd in testing piczo oscillatores for
broadcasting stations., E.L.Hall. Burcau of Standards Journal
of Resecarch, 4, pp.115-130; Jan., 1930; also available as Re—
scarch Paper No., 135 from the Supcrintcndent of Documents,
Government Printing Office, Wachington, D.C., price 10 cents,
Proc.I.R.E., 18, pp.490-509; March, 1930.

The cotablishment of the Japancse radio—frequency standard.
Y.Namba., Proc.I.R.E., 18, p.1017; Junc, 1930,

Interpolation mcthods for usc with harmonic frequency stand-
ardg. J.K.Clapp. Proc.,I.R.E., 18, pp.1575-1585; Scptember,
1930.

i i ] suri i from
A prccisc and rapid mcthod of mecasuring frequencics 1
five to two huhdred cycles per sccond. N.P.Cacc. B.Signl.
of Rescarch, 5, pp.237-242; Aug., 1930. Proc.I.R.E., 1o,

PP.1586-1592; Scpt., 1930.

i C of a
An intcrnational comparison of frequency by mcans 0O .~
luminous quartz rcsonator. S.Jimbo. Proc.I.R.E., 18, p.1980;
Nov,, 1930. |
Froquency division. J.Groczkowski, Proce.I.R.E., 18, p.1960;
Nov,, 1930,

Accuratc mcthod of measuring transmigtchwgvgaiicqugng;cs )
at 5000 and & ,000 kilocyclcg pcr SCCONG. oL.Hall. :Se
Jnl? of Rescarch, 5, pp.blk7—-652, Scpt., 1930; Proc.I.R.E., 19,

Pp.35-41, Jan., 1931,
ghort wavecse

ome methods of measuring the frequency of ;
H'MﬁgOE. ProceI.R«E., 19, pp.195-213; Febe, 1931
i i e Guarnaschelli and F.
Dircct-recading frequency meter.  Fe : : 7
Vecchiacchi. ProcsIl.R.E., 19, pp.659-663; April, 193
~urcment of high freguencics.

b device for the proc o on.  ProceI.R.E., 19, pp.937-

F.A.Polkihghorn and A.A.Roctken.
olg; June, 1931,
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Measuring fregquency charactcristics with the photo-audio
gencrator, W.Schaffer and G.Lubszynski., Proc.I.R.E,, 19,
pp.l242-1251; July, 1931.

A thermionic typc frequency meter for usc up to 15 kc.
P.T.McNamara. Proc.I.R.E., 19, pp.1384-1390; August, 1931.

An improved audio~frequency gencrator. Z.G.Lapham. B.S.
Jnl. of Rescarch, 7, pp.691-695; October, 1931,

Department’ of Commerce,
Washington, D.C.
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