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.Thig: pampnlet g1Ves'metnods of'frequencﬁmﬁeasurément fof
utilizing the standard frequencies transmitted by radio by the
National Buredu:of Standardss It is.in three.parts.

Ty

—unorPart Avgives methods of using'the}50004kC/SntréhsﬁiSBions,
for the calibration. of standard oscillators in simple cases
where “the- frequenoles hgve -such numerical values as to ‘be
readlly'cheoked dlrectlv 1n terms of tne transm1881ons.w

Part 2 glves spe01flo 1nformat10n for the use of the trans~
missions to. check witi .great accuracy. the frequency standard’.
used in any'broadcastlng station (e. ge, "the monitor requlred

by F.R.C.Rule 145). The discussion is divided into three sec-—
tions, A, B, and C, progressing in difficulty of measurement.
Section "4 deals ‘with two 'frequenciés, 1000 and 1250 -kc/:s;

very -little apparatus -is required for measurements -at- these - _
frequencies. . Section B gives ‘the method 'of measurements using -
an auxiliary generator, for frequencies which are multiples of
50 kilocvcles pwr -sccond. Sectlon Hol gives the method of R
measurumpnt for any broadCast'frequency (multlples of ttn).1’

Part 3 is-a blbllograpny, -in whlch Teferences’ to ‘other .
methods ‘of -frequency méasurement may be found, and devicés for
ust¢ in freguency measurements are described. The reéferences’
give other methods, which rdngé from those using very simple - =
apparatus, giving results only moderately accurate, to methods -
using- compllcatud ‘apparatus’ g1v1ng rgsults aocuratc to better
than a.part 1n ‘a mllllon.-  :

“The Standard Fréquency Tranom1551on8.— Thp Bureau of Stan-
dards ‘transmits standard frequencies from its station WAV, :
Beltsv¥ille; Md., -near Washington, D.C,, c¢cvery Tuesday. The'
transmissions are on 5000 ‘kilocyclés per second, and are given
continuously for two' hours during the day and two hours at .
night. (For the hours of transmission consult a current trans—"
mission schedule such as is published monthly in the Proceed-
ings ‘of ‘the Institute of Radio ‘Engincers; and QST, or which may
be obtained bn- requeot from the Bureau of Standards. At this
date, the schedule is from 12 noon to 2 P.M., and from 10 P.M.
to midnight, Eastern Standard Time.) The transmissions can be
heard and utilized by stations Lqulpped for continuoustwave

.',-'
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.receptlon throughout the United States, although not with certaln~
ty in some places. The accuracy of the frequency is at all times
better than one cycle per second’ (one in five mllllon).

The transm1881ons consist mainly of continuous, unkeyed
carrier frequency, giving a continuous whistle in the phones
when received with an oscillatory receiving set. For the first
five minutes: the.general call -(CQ de-WWV) and announcement of
the frequency are transmitted. The frequency and the call lettere
of the btatlon (WWV) are glven every ten mlnute° thereafter.

Part l. Cheoklng Standard Osc:Lllatoru

Method oXf Measurement. While the standard frequency trans-
missions may ‘be uséd for many otandardl"atlon purposes, the
most coummon use is t6 determlne aocurately tne freouenoy of a..
piezo -oscillator: - -The ‘appdratus necessary is (1) the piezo
oscillator;, (2) a-continuously variable radio-frequency genera—
tor which is approximately calibrated, (3) a variable audio-
~ frequency ‘generator, ‘and ‘(4) a radio receiving set. A fre-

quency meter’ of reeonance typc 1 aloo useful but 1s not
esuentlal.k* L , » -

The fundamental frequenvy of a’ plezo‘050111ator is flxed
by the dimensions of the quartz ‘plate.used. The vacuum—tube
circuit arrangement in which the quartz plate is connected -
gives numerous harmonics for gach. fundamental frequency. .The
radlo-frecuency generator, which “is continuously variable, can
be adjusted to any frequency, and likewise giveg a series of
haronics for each fundamental “frequency to which ‘it is ad—
justed. If the frequency of the radio-frequency generator 1is
varied over a wide range, beat mnoteg are produced at’ a number
of sett1ng° of thé-generator by the “interaction ‘of various har-
monics of the fundamental frequency of the ‘piezo’ oscillator
with a harmonic of the fundamental frequency of the generator.
The beat notes may be heard in a pair of telephones suitably
connected to the generator or to the piezo oscillator. Any
frequency present in the piezo oscillator can beat with a
corresponding frequency present in the radio-frequency generator,
which makes it possible to set the generator -at a number -of fre-
qucnrles which have a-simple relation to the fundamental fre-
quency of the piezo ogcillator. . Prov1d1ng the harmonlc rela—
tionship is known; measurements’ /can be made at a. great number
of frequeneleu in terms - of a 51ng1e standard frequency. ‘ ’j

; If £ is the fundanental frequency of the plezo ooolllator
which ig being used and F the fundamental fruquency of the ;”T
aux111ary generator whlch glves ZETO beat, then o :

Y

a.‘f = bF - o - _

oA

where a and b are integers (1, 2, 3, 4, etec.).
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The procedure. is simplest when the ratio of 5000 ke/s to
the nom1na1 frequency of the piezo ogcillator to be standar-
dized is-'a fairly small’ integer, .less than 100. TFor instance,
secondary standards whose fundamental ‘frequencies are 50, 100;
200, 5005 or 1000 kc/s can bé measured very simply in terms: of
the- SOOO—kc/s transm1531ons, and thuse secondary standards may
be’ advantageourly used in-turn to'calibrate other apparatus.
‘It-iyg; however, possible to use the. SOOO-kc/s elgnals to estab—
llsn accurately any desrred frequency. ,

Exa@gles of Mcasurenent Method.- Suppose it is requlred to
neasure. the frequency of a piezo oscillator, the approximate
froquoncy ‘'of which is 700 ko/s, in terns’ of the 5000-kc/s{
utandard frequency elgnale.e .

L If the radlo—frequency generator is set at lOO kc/s, the ,
jSOth’harmonic (5000 k¢/s) will beat with the 5000-kc/s trans—
Oigsion, and the 7th harmonic (700 kc/s) will beat ‘with the
fundamental of the ploZO osclllator.: T o .

The 5000—ko/s standard frequency 81gna1 is received first
and identified with the receiving set in the generating con—
dltlon.r The radio—frequenoy~genera%or ig-then-turned-on and
adjueﬁed to near 100 ke/s. This should give a beat note with
the frequency generated by .the Treceiving set. The reganeration
of “the’ Teceiving 'set is then reduced until thé set just stops
generatlng.u A-beat note should then be heard which will in .
general: be’ of less intensity than that prev1ously heard. This -
is thé- beat ‘between the 50th harmonic of the radlo—frequenoy
generator and” the frequency of- thé ‘incoriing wave. This beat
note: ghould be reduced to’ zero frequency by adjusting the -
_radlo—frequency generator. ‘For most precide work this adgust--
"ment - should be made by using a beat" frequency indicator . or’
other means’ of indicating exact zero beat. A eimpler and
equally accurate substitute is to bring in a tuning fork.as
described below. However,_for a simple discussion. of the:
steps’ involved in ‘the measurenment, it will be aesumed thax an
accurate zero~beat settlng is obtalned. L

The radlo—frequency generator is therefore precisely ad-—
Justed so:that it:has’a frequency of 100 ‘ke/8: Without chang-
ing its adgustmenﬁ, oouple thé piezo oscillator ‘to it loosely.
A beat” note should be heard in the telephones .in ‘the. output of+
the- plezo 030111at0r unless the frequency glven by the piezo =
oscillato? is an eéxact multiple of 100 kc/s. -Suppostc, for . |
example, it fs 700,520 kc/s. In this case a beat of 520 cycles
”per ‘second will 'be- heard. To determine ‘the value of thls note,»
*the audlo-frequency generator must be used. .
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The frequency of. the beat. note’ and; the, frequency.of the
audio-frequency generator may. be compared by, using, single phone
units from each Sourcé and rapidly interchanging them at the ~
ear. If sufficient intensity ig 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 ze¥d.-beat the frequengy of the,adjustable:
audio-frequency generator gives.the differcnge. in: frequency . . -
‘between the 7th harmonic (700 kc/s) of the generator adjusted
to 100 kc/s and the fundamental of the piezg oscillator. -

o e e asen

Fig. 1 gives a diagrammatic representation of the frequen—
cies used. It is necessary to deternine whether the pigzo . =~
oscillator is higher or lower than 700 kc/s. This can be done
by varying the frequency: of , the radio-frequency generator. If
increasing thg}frequéhoy;of'thié"gengraxbr;résﬁlts’in,decreasing
the beat note,. then-the piezo oecillator, is-higher than the ref-
ercnce frequency, that is, the audio freguency is. to be added ‘fo
700 kcls. If the reverse is true, thén the audio frequency is’
to be subtracted.. r...:. . oL

Use of AudiosFrequency Note in Measurement.-. A.change: in.
the method described.aboye.which does not. require. & beat indi-,
cator, is to adjust the radio-frequency generator to have a
known. frequency difference with the. inconing wave. by rieans of
natching with that of & tuning fork of known.frequency such as
1000 cycles per:second., This method is more complicated in
calculation because,a record must be made of.four factors, .
(1) as to whether the radio-frequency generator was adjusted
higher or lower than zéro. beat, (2) the. frequency . difference,

(3) the harmonic relation between the standard signal and the .
radio-frequency generator, and (4) the harmonié. relation between
the radio-frequency generator and the piezo oscillator. The .
harmonic relations, however, come in to any method of measure-
ment of this kind. The measurements involving the use of the
tuning.fork for adjusting the generator to give a beat.note

1000 cycles per second below the 5000-~kc/s signal would be
made as follows, and are shown diagrammatically in Fig. 2.

Set: generator from. approximate zero beat at 100 kc/s.to 99.98
kc/g. . The 50th harnonic.is 99.98 x 50.=.14999.0 kc/s. (beats

with 5000 ke/s: in, receiver which is not.oscillating and gives & -
10Q0~-cycle note). . The 7th harmonic of.the generator (99.98 -
X 7.=.699.86 ke/8) . may.now be heard beatimg in the telephones

of the piczo.oscillator. which is known 40 be approximately
700.kc/s,: If this value were exactly 700 kc¢/s, a note of = .
700.000: - 699.860.%c/s. or 140 cycles would be heard. However,
the beat note produced is matched with a corresponding note frém
the audio-frequency generator, If the piezo oscillator had the
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frequency of YQQ,5EQ_kc/s as assumed previously, the audio—"
frequeney note. measuTed would have been 700,520 - 699.860 = 0.660

ke/s or:660 cycles per sedond.. -

.. Whether to add or subtract the audio-frequency note of -660
eycles-to  the known frequency of 699.860 kc/s would be decided

as follows when the radio-frequency generator was set lower than
the standard frequency signal. If lowering the frequency of the
radio-frequency generator increases the beat ‘note (660 ‘cycles in

.. this case), add the beat note frequency, or if increasing the

.- frequency of-the radio-frequency generator decreases the beat
note, add-the beat note frequency. ' - ~
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JThe measurement could also be. made. by adjusting the generator

“:to 100. 020 kc/s u81ng ‘thé thousand-cycle. tuning fork, as in Fig.3.

The 50%h. harmonic® is 100.C20 %, 50 = 5001 kc/s which beats with

.the. standard fréquency signal. of 5000 kc/s. and produces & 1000-
“cycle note. ;A'certaln aud10~frequency note is produced in the.

telepnones of  the pigzo oscillator, which is matched. with a ~

m51mllar hote. fxom the audio- frequency oscillator as before.
LIT lowerlng the. frequency of the radio-frequency generator re-

. duces. thé, aud10~froouenoy note heard, subtract it from the. known
.., frequency. of. 700, 140 kc/8, or if. increasing the frequency of the
“radio-frequency. generator increases the audio note, subtract it.

.. Thé audlo—frequcncy note  heard with'a piezo, 030111ator hav1ng
. the assumed fréquency Would be 380 cycles, hence. 700 1&0 + o
0. 380 7OO 520 kc/s.,fg B . o LT

Part 2. cheoklng Broadcast Frequency Standards.

Ac Intearal Suo—multlples of 5000 kc/s,-*“

The frequencles wnlch are‘inuevral sub~mult1p1es of 5000 xe/s
are most ea811y meag Lrudv There are only two broadcast. frequen-
ciés, 1000 and 1250 kc/s, which bear ‘this relation. The fifth.

Mharmonlc of: 1000 kc/s 1s.5000 ke/s. . I a 1000- kc/s 080111ator,
"Whether a transmlttlng ‘set. or freouency standard, . is. coupled to
-;alradlo ‘receiver tuned to 5000 k¢/s. at & time when the stédndard
”81gna1 1s belng recelved, .8 heterodyne note will be produced '

which is equal to. the. frequency. differcnce between the 5th, har-

.monic of. the. 1000—kc/s oscillator and. the standard signal, Assum-
ing' that the meiwl value of thé 1000~kc/s oscillator is known,.

all that remains in order to measure the frequency accurately,

~1s to determine. the frequency of. the beat note and whether the

frequency is higher or lower than ‘the ‘standard sighal. This is

. .done . when the radlo..réceivér is not in tle generating corndition.
. THe! most convenlent method,. if thé beat hote is- in the audible
’range, ig to match 1t Wwith-a known audio frequency. produced by
a calibrated audlo—frequency oscillator.” The dircction. of the’
”dev1at10n is most eas ily determlned by maklng a sllght Change of
. known direction -in. the unknown. fiequenoy. If an increase in the
,unknown frequency increases. the aualo-frequency beat note the fre-
”auency is high.  If an increase.'in the unknown frequency decreases
.A‘the audlo—frequency beat. note, the frequency is low. - Converoely,
_if a decreage in. the. unknown. frequcncy increases the audio—
'irequency beat note. the frequency ig low, and if a decrease .

in .the.unknown frequency decreases tHe audio-frequency beat

r;note, the frequency ig high. If the audio frequency to be =

;meaeured is between 5 and 200 cyrles per second, the. audio-
g'frequency arrangement deecrlbed Ain . a previous Burcau publication
~ by:N.. P, Case- can be. ueed W1th a very hlgh degree. of accuracy.

See reference (32), Part 3.
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'fIf the audlo frcqubnoy is stlll Jower. and goLs below the range of

the aud10~frequcncy ampllfler, it ic necessary to provide a car-'
ricr for this audlo—frequcncy note.. . This is done by making: the
radio’ receiver-generate and. adguutlng the resulting. beat note.so
that’it is approximately 1000 cycles per second.. A fluctuatlon
in th¢ amplltudc of this 1000-cycle note, which hao a frequency
cqual-to: the- frcqucncy dlIfcrence between the. two radio frequen-

‘dies, Will® ‘then be heard. If it is only desired to- readjust the
- UNKnown frequency to- agrcement with the standard signal, it is a

-~

sinple natter to adguut to zero beat. The same method can be usel
for a- frcquency 0f°1250 ke¢/s.  Precaution rust be. taken .to make
it pogsible-'to combine the signals with anprox1matbly equal 1ntem
sity. Some difficulty in this respect may be expected if measure
nents arc nade when the trancnitter 1s, opgratlng unleso the har-
nonics B¢ vetry. donpletéely- ﬂubpressed N

A StathnAfILunROf moniter whiich utlllzes a plezo ou0111a—
tor having a froquency of 1000 or 1250 kc¢/s can be measured or

3‘ad3usted ‘1o frequenry in a 81m11ar manner.. If the radio trans-
“mitter -is operatingy the rieasurenent can- be made indirectly in .

térms of:-the "transnitter-in the follow1ng nanner, .Measure. the .

'frequency -of 'the radio’ transnitter in terms of the 5OOO~kC/u, -

signal and 81mu1taneoualy read the’ frequonoy as indicated by the
frequency dev1at10n meter on. the nonltor.j The two. frequen01es
should -agree. - If they do-not, ‘adjust the frequency monitor until
the ‘deviation neter 1nd10atus the correct frequency ‘deviation.

It 'nay bé desirable to measure.the frequcncy nonitor dircetly

agalnst the’ standard 51gna1 aﬂ a tlmb when tne radio transmlttér
is not operatlng. - . : 4

If the- freauency rmonitor is of the type Whlch 18 adJusted to

-exactly 1000 oz 1250 kc/u, “the measurenent can be. made the .sane

'aﬁ in the case of- ‘the radio trapsnitter. However, if the monltor

ig set high or low by 500 or 1000 cycles, it will b¢ necessary To

nake use-of an ‘audio-frequency oscillator to deternine the value

of the audio beat frequency. In the case of a,monltor ‘vhich has
a frequency of 9994500 +or" 1000.500 kc/e, the beat note ‘to be

-neasured ‘would be 2500 Gyelies per second. (As five oycles varia—
Jtion in the beat note is only 1 part in 10 any uudlo-frequency
; oscillator which would be constant to 5 .or. 10 Gycles per second

would be ‘adequatei In‘the case of a monitor which has a frequency
of 999.000 or 1001.000 k6/s a 5000-<cycle note would be produced.
Sinilarly ‘for 1250‘kc/s, audio~frequency beat-notes of 2000 and.
4000 cycles per - second would have to. be nes sured.. - The general

. relation is that the aud10~frccucncy note produced by'heterodynlng

“the nonitor frequuncy ‘and the SOOO—kQ/s stardard 81gnal is equal

to thée profiuct of the nunmber of ‘cycles ‘the monitor is st high or
low and the ratio of 5000 to the nomlnal valuc of the- monltor. "

g . 3o
.- Pt LR ; B .
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B. Ueasurchenta with Auxiliary: Generafor for Frequency
Multiples of H0. .

SRR
A 5

Measurements of any of these frequencies rcquire the use
of an auxiliary generator in addition to the high-frequency Te-
ceiver. The auxiliary generator may be a plezo oscillator or
it may be a manually-controlled oscillator. If a piezo oscll-
lator of the desired frequency is available, it is desirable
to use one. In tniscase a dinstorting amplifier is necessary
in order to bring out the harmonics so that the beat against
the 5000-kc/s standard signal-cen be casily heard. This piezo
oscillator should be provided with a veraier frequency adjust-
ment® so that it can be readily adjusted t6 agreement with the
5000-kc/s standard in the manner previously described. After
this is done the monitér or radio transmitter can be measured
in terms of harmonics of the auxiliary generator. If a manually
controlled generator is used, the L ratio must be low so that

C -

the frequency can be ‘edsily adjusted to zero beat with the stan-
dard frequency, and recadily held on that frequency.

e e

There are two main factors which determine the frequency
to which the auxiliary generator should be adjusted. The first
is that itgs. frequency must have an integral yelationship with
the standard freauency and the frequency to be measured. The

 gecohd ig that the harmoniec which-is:heterodyned with'the stan-
dard-frequency must be of sufficient intensity to produce- & beat
note which is. easily recognizéd. Taking both factors into ac-
count. the best:result is attained if the frequency of the .-
auziliary: -generator -is-the highest common .factor of the stan—
dard frequency and:the frequency  to be méasured. ‘There is one
other. consideration ih the cabe of ‘a manually controlled -~ -
auxiliary geéneérator ‘end ‘that is;-the lower its frequency;- the"

1éss troubleé. is experienced’in holding it at zero beat againct
the standard frequency. : ' The following table indicates the -
‘broadcast .frequenciés which can be neasuréd-in terms of the:- -
-15000+ke/ 5" standard:frequéncy - transnission: by means of a high-
frequency radio receiver and an auxiliary generator. It will:
be undérstecd that:the table gives all broadcast frequencies -
“which-are miltiples of ‘50, but does not indicate more than' one
generator: frequeacy: for these frequencies except for 1000 and-
1500 kc/ s ;'..*'y~ ST DA Sl AR A

N z

SIS e o AT E R R AL S “
. igee reference-(21), Part 3.t . o 0 e Sl e

2 s i oo » 3
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7 Freguengy of ‘Auxiliary Generator .. .- .-
500 ke/g 200 ko/s 100 ko/s 50 ke/s
© 100 60 700 550
- 1500 o 800 3 '900 650
1000 - 100 750
Lopm0 a0 Cosso
R O R S
SRR T g
Lo awesen e

~77 7 As -an exanple of this nethod of measurenent, assune,the. .
‘frequency of -the radio transmitter to be 1150 .k¢/s. The radio
reeelver, in the: generating condition; ig tuned until the :
5000~kc/5 standard frequency signal ig heard. The auxiliary.
generator, set on approximately 50 kc/s, 1s.then turned oin and.
tae frequency varied until’ a second audio frequency 'is heéard
on the output of the high-frequency receiver. If the radio . .
recelver is-then adjusted-so that-it does not geneérate, the
auzxiliary generator can be set to Zero beat with the standard
frequency eignal. If the radio’ réceiver is again nede to . ..
gencrate;~thefauxiliaryfgencratorfban»be,eaSily,setnto_agreew}g
ment with: the standard frequency signal’ ag previously explained.
The rough adjustment to zérn beat must be nade when the radio .
Teceiver 1s. in the non-generating condition, atherwise theré ..
is danger of setting t3 zero beat between the two audio frequen-
Cics or harmonics of theiaudic frequencics. If a piezo gscil-
lator is used, this precaution is unnececssary. A detéctor— R
anplifier is set up so as to receive portions of the outputs of
the auxiliary generator and the 1150~kc/s radic transmitier, Fig.
« The cutput of the amplifier will give the audio beat frequenc!
betwecen the 234 harnonic of the auxiliary generator and the 1150
ke/s of the radio transnitter. If this audio-frequency is reduced
to zero as indicated on a visual beat indicator the transmitter
frequency will be in exact agrecment with the standard frequency
signal. One person can make this adjustment, as an aural indi-

cation may be used for the auxiliary generator and a visual one
for the trancmitter adjustment.
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. If a piezo oscillator is used as the auxiliary generator,
1t need only be checked against the standard freaquency signal
at intervals.

L q;fﬁeésﬁrement’of'Aﬁy'Broadant Frequency.

'’ The métiods of measurement given in the preceding para- .

_"gréphs ‘are applicable to twenty of the frequencies in the broad-
‘cast ‘band. ' Thé highcest common facdtor of 5000 k¢/s and the Te-

;'*maihiﬁg“bfoédoaét frequencies~is 10 kc¢/s. 'The frequency of the

auxiliary gencrator st thercfore be 10 kofs if the other .
broadeést frequencics are to be checked readily in terms of the

5000-<k¢/ s transmissions. - The beat note between the 500tn har—

‘monic of thé 10-ke/s generator and -the 5008-kc/s tranemission
would not-be-loud cnough to be Heard distinctly. The simplest

s0lution, therefore,; is to et the esuxiliary generator on 100
kc/s'and 1cét it control a 10-ke/s multivibrator. The beat
againgt “the ‘standard frequency signal could:then be heard casily
and-the-harmonicé of the 10 kc/s would heterodyne equally well
Wwith frequencies*in thé broadcast bend. It is evident that with
this equipment all assigned frequencies in the broadcast band
can bd“chtcked: against the” 5000-kc/s stendard frequency cignal,
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.There are some cases in wnich a frequency can be measured
by more than one of the methods indicated. The question arises
as to the advantages and disadvantages of the various possibili-
ties Or as to how existing equipment might be brought into use.
The first method isg applicable to only two frequeticies. It:pro-
vides the most accurate check for frequencies which.are very:near
the harmonic value. For monitors,_however,ﬂwhich“aretset'high
0or low by 500 or 1000 cycles per second, the»audiO’frequency

gz%cn @ust_:e megsured is 80 high that.it is very.diffiecult to
ermine 1ts value.  This method is furthes io
fact that if the meas S further handicapped by the

: Surenents are made in. the transmittin sta—
tion when the power arplif r .

' ier is operatin monic. which
‘1s picked up on.the receiver may,bg S0 stgén;hghg%;?%néglyhlc'
block the receiver., If that ig the case it would be necessary
to locate the receiver at sone distance fronm the transmitter.
and use a line between transmitter and receiver. B
Adefe‘zhe~scco?%' Ty generator and
, ctor-amplifi prient used in the

metho& requiresAan_auxiiié
er in addition to the equi
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first method. A small error nmay be introduced.in- this method

1n the agjustricnt of the auxiliary ‘generator. . If a piezo
scillator-is uced this ‘error i& negligible. . The error is

nuo1 greater AT & manuallv-controllcéd oscillator is used..

In either case, however, it should not. be nore than a ch

parts -in a hillion.+* Thid nethod is applicable- to 20 of the

broadcast frequencies, and ig ruch more atlufactory for check—

ing neonitorg which aré-set off—frequency because the audio fre-

quency to be ricasured equals the anount the monitoTr is set hlgh‘

or 1ow.. . IT -a harmonic anplificr is ‘coupled to the aux111ary

generatnr o that bufflclent voltage is. prov1ded, the moasure—

ment of the ronitot can-be read dlrcctly on -the visual 1ndlcator

prov1dud w1th tnat unlt . :

It is neces sary to use the third nethod in 01eck1ng the
renainifg: 76 broadcast frequéncies.. This nethod” réquires a
high—-frequency receiving set, auxiliary’ gcnerator, '10-kc¢/s
rmltivibrator, detcotor~anp11f1cr, and audio- frequency measuring
srequipnient. - The™ accuraoy of tnlo mctnod is the sane as of the

second nethod. . W+t SR e "

Part 3 Blbllography ‘on’” Frequency Mcasurcnents ana
R Assoclatcd mqu;plbnt -

Notc.— The puolloatlons in “the - following llot aré in chrono-—
logical order. They arc not issued by, nor are they available -
~«fronm, the Bureau of- Standards, except where noted. . These pub-
.lications can be -consulted ‘in public-libraries which naintain
files 'of periodicals;,: or Coplbo may “be seourgd fron thé pub-
lishers at these addresses
Annalen der Physik. J. Anbr091us Barth, Leipzig, Germany.
Bell Laboratories Record. U463 West St., New York, N.Y. .
Bell Systen Technical ‘Journal'. W63 West St., New York, N.Y.
Buleau of Standards Journal of Rescarch. Superintendent of

~Docunents, Governnent- Prlntlng Office, Wgshington, D.C.
Burcau of Standards Scientifdic' Pepers.  Superintendent of
Docuricnts, Govermient Printing' 0ffice, Washington, D.C.
Electric Journal. 530 Fcrnando St., Pittsburgh, Pa. .
~Experinental Wireless & Wircless Engineer. , Iliffe & Sono, Ltd.,
Dorset House, Stanford St.; London,® SEl; England.
General:Radio Experimenter. 30-State St., Canbridge, Hass.
Journal Optlcal Society of Anerica (fornerly Journal Optical
Society of America & Review of Scientific. Instrunments).
- Anerican Institute of Physics, 11 E,38th St:, New York, N Y.
Marconi Review, HMarconi Wireless Telegraph Co., Lod., Elcotra
House, Victoria Embankment, London, England.
QST. Ancrican Radio Relay League, W. Hartford, Conn.,K | _
-Physicsi . - Anericanf Inbﬁltuth of PhYQICS) 11 E. 38th St.,« o
. New. York; N.Y, o :
Physical HReview, Amerlcan Inutltutc of Phy31cs, 11 E SSth St.,
New York, N.Y. . . . ...

[
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YOa.k,
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of .Japan, .Tokyo, Japan, . .

Review, of . Scientific. Instrunents,; Amerloan InSultute -of Pby31os,
11'E. 38th St ‘Naw. York; N.-..] . -
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-
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