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USES CF TR }NSM+SSIONSLOB STAWDAP“ RADIO FREQJL“CIES

This pamphleu g;ves nethods of freouencv measurement for
utilizing the standard frequencies transmltted by radio by the
National Bureau'of Standards. It ig in'three parts. .

Part 1 gives methods of using the 50C0-kc transmissions
the calibration of standard:osgillators-in simple caseés, -wher:
the frequencies have such mimerical values as to be readily
checked directly in terims of the transmissions.

Part 2 gives specific information-for the use of the t*agaﬂr-
missions-to check with great accuracy the -frequency standard

used in any broadcasting station (e.gv, the rionitor requlrea Dy
F.R.C.Rule 1U4%5). The discussion is~divided intco:three sections,
A, B, and C, progressing in difficulty of neasurenent.” Secflon

A deals With,two:frequencies, 1000 and 1250 ke, which could
readily be measured as explained in Section B. Very little
apparatus is required for measurements -at these freguencies.
Section A includes information on the measurements required
when a station standard is used which u¢1feru from the assigned
frequency by 500 or 1000 cycles per second. Section B gives the
rmethod of measurement when an: ‘auxiliary generator is reguired.
The method described in this ‘Section applies when the frequency
in kilocycles .is a multiple of 50. Secticn C gives the method
of measurenent for any broadoast frequencv (multlples of ten).

Part 3 is a bibliography;-;n which references to other
methods of freguency measurenent wmay be found, and: devices
for use in freguency measurements are described. The refer-
ces give other methods, which renge from:those us 1nq’verv»
s1mwie apparatus giving results sccurate to one per cent, ‘to
tnose using complicated and expensive apparatus ; 1v1ng reQults
accurate to bet er than a Dart in a ullllO“, B :

The S*“ndard ?reauencv Tr9nsmissions.~ The Burc9u of
Standards transmits standard frequencies from.its station WWV,
Washingten, D.C., every Tuesday... The transmissiocns are on 5000
kilocycles, and are given continuously for. two hours durlng the
day and two hours at night. - (¥or the hours of ¢ransnission con-
sult a current transmission schedule such as is opublished '
nonthly In the Prcceedin gs of the Institute of Radio Engineesrsy
and QS8T, or wnich may be obtained on reguest from the Bureau of
Stana@rdsh) The transmissions can be hesrd .and utilized by

' ppred for continuous-wave reception throughout the

stations equi

United States, although not with' certaintyv in some places. The
accuracy of fthe freguency is at all times better than one cycle
in five million. o
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The transmissionk congigt mainly:of conj;ngnu@¢—unkeyed
carrier frequency, giving ‘& contindous “whistle in the phones
when TGCLlVbd with an 00011Latory receiving set. < For the
first five: m1nutes ‘the general call (Ch de. WAY) ‘ahd’anhounce—
ment of the frequency are transmitted.  The frequéncy and the
call letterc of the- statlon'(PWV) arc given every ten minutes..
thereafter. S i e S o

;*faPart 1. GhéckingvStandéfdszcillators

. aA. ethod of bva“urembnt

While “the- standard frcqagncy transmissions nay be used for
nany s*andardlzatton purpOSnp, the most cormion use 1s to deter—e»
nine accuratelyithe frequency of a piezo oscillator. The ap-—
paratus,nuceﬂsary 1°‘(l) the. piezo oscillator, (2) a contin- - .
uously wvariable radlo frgcuency generator which is approxinately |
calibrated, %5)”& variable sudio-frequency generator, and (4) a
radio receiving: °ct°_ A fraoubncy MLter of rcsonance typc is
also useful. but is- not CSS&ﬂtlll oo ,

The’ fundamettal fTCQuenoy of pl ez0. 08 01llator is flxed
by the dinensions’ oI the "quartz plat used. The vaouuﬁ~tube
circuit arrangement “in which’ the quartz pleto is connected
gives numerous harionics for cach fundanmental-. freguency. The
radio-frequency generator, which is continuously variable,
can be adjusted to any frequency, and likewise gives a series
of harmonics for each fundamental frequency to which it 'is .-
adjusted. If the frequency of the radio-freguency generator
is varied over & wide range, beat notes are produced at a
nunber of settlngq of the geherator by the interaction of
various harmonics of the” fundamental - frequency of the piezo.
0501llator Wlth a ‘harmonic of..the fundamental frequenov of
the generator,  ‘The beat notes nay be heard in a pair of
telephones suitably connected to the generator or to the . ‘
piezo oscillator. Any freguency present in ‘the plgme OQﬂ11—
lator can best with a corresponding frequeéncy present. in the
radioc- froqucnoy gbhu etor, which-makes it possible: to set the
generator-at a: hulber of. frequencies which have a simple rela—
tion to the' fund ental freguency of the piezo oscillator.
PTOVldlng the harﬁonlc relationship is known, measurenments
can be made at a; ‘great number of Ircquen01e “in terms of-a.
single ot@ndard frequency o

If £ is the Iuhdauental frequean ot thb ‘viezo OQCILlatOT
which is beirg vwadéd and F the fundanental. frcquenov of the;
auxiliary vencretor Whlch glvea zero beat, thén

where a and b are integers (1, 2, 3, 4, etc.)
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The” procecvru is olhplbgt When the retio of H0CO kc to
the noninal freguency of the pieza: 080111@to to ve stander-
dized is‘a fairly snell integer, 1QuS sthan 100. Tor 1n"tanoe,
secondary standards whose fundaie ental frcqa3n01es are H0, 100,
200, 500, or' 1000 kc can be measured very simply in terms of
the 5000-kc transmissions, and these secondary standards nay
oe aavantageously used in turn to.calibrate other apparatus.
It is,however, possible to use the %ooonko signals to establish
accurately any desxrcd preauancy

B. E arpl s of Measurenent lethod

Suppose it i1s requlred:to measure the freguency.of a piezo
oscillator, the approximate frecuency of which is 700 k¢, in
terms of the ROOO~k ‘standard frequency signals.

If the r&le"¢ICOanCV generator is gt at 100 kc, the
50th harmonic (BOOO kc) will beat with the 5000-kc transmission, .
and the 7th harmbaic (700 ko) will beat with the’ fundamental of
the piezo o:olllator._ e TR S

1

The 5000- kc ot andar rﬂquency signal ig recei ved fqut
and identified with the reoe¢v1ng set in the generating con-
dition. The radio-frequency g Lnerator is then turned.on and
adjusted to near 100 kc. Thls ‘should give a beat note with
the freguency gencrated by the receiving set. The regenera-
tion of the re ecelving set 1s then reduced unitil' the set just
stops generating. A beat note should then be heard: ¥hich will
in general ‘be of less intensity than that prev1o&slv ‘heard.
This is the beat between the 50th harmenig: oF the radio-
frequency gererator and the freguency of the ;ncomlng Wave .
This beat note should e reduced to gero frequency by adjust—
ing the radio- —frequency generatdr. For nost precise work
this adjustuent should be made by-using a beat frequency
indicator or other means of indicating exact zero beat. A
sinpler and eqgually accurate substwtute is to bring in a
tunlna fork as described below. _Howcver, for a sinmple dis-—
cussion-of the steps involved in the measurement, it will be
assunied that cn accurate zero—bﬁat sett1¢b ig obtained,

The radlo frequency genvrator is therefore precisely ad-—
justed so that it has a frequency.of 100 kc. Without changing
its adjustnent, couple- the piezo oscillator to it loosely. A
beat note should be heard in the telephones in the output of
the plezo oscillator unless the freauenoy gvan 'by the piezo
oscillator is an exact multiple-of 100 kc. " Suppose, for
example, it is 700.520 kc. 1In this casc a beat of ?20 ¢vecles
per second will be heard. To determine the value of this
note, the audio-freguency generator rust be used.
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The freguency of the teat note and the frequency of the
audio—~frequency generator may be conparcd by using singlée phone
units from each source and rapidly interchanging them at the
2aT. 1T sufficient intensity is available'from she two sources
en the two aucdio freguencies will cembine and:beats may be
atrd by thu‘eur when the audio-~frequency-generator is-closely
justed, - For exact zero beat the frequenty of the-adjustable
1o~;Lequenhy gvgcro“or g'7es the differewce in frequency
;;t een. the [th harmonic (700 kc) of “the'’ gv;cra\or acjusted
to 100 kc and the LuthlenLal of the plezo 0%011¢ator.
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Fig. 1 gives a disgrammatic prreSbnt tion of thp fre~
quenoles used 1t it necéssery-to determine whether the piezo
- oscillatorcis higher or lower than 700 kc. This can be done
by varflng the freguency .of the radio-fre gdusncy ge nerator.
If increasing the freduency of this genergtor regults’
decreasing the be at note, then the piezo cgcillaton: 1s
highér.than the refercuce p“equenuv, that is, the audlo
““frequency is. to be addéd. to 700 kc. - If the LeVerse~is true,
"then the audio . fregquency is *o be Subtracted «

C. Use of Audlo—Frequenoy Note in'heasurement.

A cnange in thb sethod described above which does not
require ‘a beat 1nd10a+or, i1s to adjust the radio-frequency -
generator to have a known frequency difference with the in-
coming wave by means of mnatching with that .of a tuQLng fork .
of known frequency such ‘as 1000 cycles petr second: . This
mnethod is rrore ompllcaued in calculation because- a ‘record -
nust be made of four factors, (1) as to whether ‘the radio-—
frequency generator was adjusted higker ér-lower tlian zero-
beat, (2).the frequency. difference, (3) tbg harmonic rela~
tion between the stancard signel and the radivb-frequency
generator,. and. (4) the harmon10 relation’between the radio-
frequency. generator and. thé plezo oscillator The harmonic.
relations, however, come. in to any fiet thod of mcasu*ement of
this kind.  -The wmeasurene nts‘anolv1nv the use: of *heutpglng
fork for adgustlng the generator Yo give & beat note 1000
cycles per .second below the 5000-kc ‘signal would be made as
follows,: and -aTe shown dlagrummatlcall* in Fig. 2. Set
generator from approxinate zero beat at 100 kc to 99. 98 kc.
‘The [50th harmonic is 99.98 x 50 = 4995.0 kc (beats with
550.0 ke in receiver which is not’ oscillating and:givesg a
1000~cyele not@) . The 7th harwonlo of the generator (99 98
X 7 = 699 86 kc) may now be heard beating 'in.the. telephones
of the piezo oscillator which is known to bs eporox1mately
700 k¢. If-this value were exactly 700 ke, ‘ainote of
700.000 -~ 699.860 kc or 140 cycles would be heard::: However,
the beat note produced is matched 'with a- correspending note
from the audio~frequency generator. II tbe pl@ZO osc1L1ator
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had the frequency of 700.520 kc as assunmed Drev1ously,the audio- .
freguency note measured would have been 700.520 — 699.860 = 0.660
ke oT- 600 cyclc% per second.

thuuar to add or subtraCT the -audio-~frequency note of 600
hyules o the known ITeduéricy of 699.860 ke would be . decided :as-
follows when the radlo~froquu 1y generator was set ‘lower than
the standard ikvquenuy signal., If lowering.the frequency of
the radio-frequency generator increases the beat note (660

. cycles in this case), add the beat note freguency, or if in-
“gréasing the frequency of the radic- f*eqpenﬁy generator de= .

credées the buat ‘note, add the be ab noteé"freguency.

.......
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Fig. 1
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The measurenent could also be made by adjusting the
generator to 10C.020 kc using ‘the thousand-cycle tuning fork,
as in Fig. 3. The-50th harmonic .is 100.020 x 50 = 50C1 ke
which beats with -the standard frequepcy :gignal of K000 k¢ and
produces a 1000-cycle note. “A:certain.audio-freguency note is
produced in the telephones of‘the piezo oscillator, which is
natched with a dimilar note frow the audio-fregquency oscil-

- lator as before. If lowering the frequency of the radio-
'"frequency generator reduces the audio-frequency note heard,
subtract it from the known freguency of 700. 140 ke, or if
1norea31ng the frequency cof theiradio-frequency gencrator
increases the audio note, subtract it. The ?udlo~frcquency
note hmard with'a pilezo oscillator rav1ng the assuned fre-
quency Would be, 380 cycle , hence 700 1uo +. o 300 = 700.520 kc.

© The wethous des crlbed above are capaolc of giving very
accurate values of frequency if properly carried out. A
ruch 81Jpler procedure by which less . accurate valucs. ﬂay be
obtained is to calibrate a frequency wetcr in terins. of the
standard frequency signals and then neasure the plczo ogcil~
lator by 1eans o the freqr ﬁOY'iutLT '

“Part E ancklﬁ Ercadcast Frequengy‘Standarés.

A Intugr 1 bub—;ultlnluy of HCOC ke

: The fr qupnc ics Whlch are. 1ntegra1 qvb—nultlples of L
50 O kc are uost e#sily measured,  There are only two.broad-.
tast frpquenolu 1000 and 1250 kc, . which bnar this relatlon.
" The fifth harr onlc of 1000 ke is 5000 kc.. If a 1000-kc -
~oscillator, whether a transmitting. set or freguency standard,
~is coupled to a radio reéceiver tuned.to 5000 kc at a tine
when the standard 81gn91 is being received, a heterodyne
-HOUC will be produced which' is cqual to the frequency dif-
ference betwecen -the 5th harmonic of the 1000-kc oscillator
and ‘the standard’ s1gnpl Assuning that the nominal value of
the 1000-kc oa01llator is known, all that remains in order
to measure the frequency accurately, is to determine the
frequency of the' beat note and whether the freguency .is
higher or lower than the standard signal. . This is done
when the radio receiver is not in the generating condition.
The joqt convenient method, if. tuu beat note is in the
audible range, is to match it with & known audio frequency
proauced by a: callbrat ed audio-frecuency -cscillator. The.. .
direction of thc dev1atlon is rost easily deternined by nak—
_ing a slight change of known direcction in the unknown fre- .
‘gquency. If an-incTease in the unknown freguency increases
‘the audio- frequ@no"'beat note the freguency is high. If an’
increage in the' unknown fréquency decreases the audio- f*equency

~-“peat note, the frequency is;low.. Conversely, 1f a decreus
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the unknowh freéquéncy increases the audio- frpqwenoj beat note the
frequency is low an@ if a decrease” in the Uhknown frequency de-
creases the audlo—Lrequency beat note, the frequency is high.

If the audio frequenoy to be neasured is betwecn 5 and 200 .
cycles per second, the audic- frb%uuncy arrangenbnt described.

in a previous Bureau publicationt by N.P.Case can be used with

a very high degree of accuracy. If the. audlo frequency is still
lower and goes below the range of tbe audido-frequency anplifier,
it.is necessary to provide ‘a carrier for this audio-freguency
note. This is done by making the radio rdcéiver generate and
adjusting the resulting beat note so that it. is approximately
1000 cycles pér: second. A fluctuation in the amplitude of

this 1000-cycle note, WH;Ch has-a frequency equal to the

. frequency difference between ‘the two radio frequencies, will
then be heard. If it 1s only desired to readjust the unknown
frequency to agreement with the SUandard signal, it is a.

sinple natter fto adjust to zero beat. The sane method can be
used for a freguency of 1250 kc. Precaution rust bé taken to
make it possible to combine the 81gnaloAW1th apprOfluately

egual intensity. - Some difficulty in 'this respect nay be.
expected if measurcments are made when the transmitter is
operatlng unless the harwonlcs are very ooanetely suppressed.

A statlon frccuency monltor Tthh utlllzcs a plezo oscil-
lator having a _frequensy -of 1000..0%:21250 k¢ can be neasured
or adjusted to frequency in a sinilar manner. If the radio
transpitter is operating), the neasurGNLnt ean be nade. 1nd1reot1y
in terms of the transmitter in the following manner. lieasure
the frequency: of the radio transaitter in terms of the 5000-ke
signal and simultaneously read the’ frequcncy as indicated by’
the freguency deviation meter on the monitor. The two, frequen-
cies should agree. If they do not, adjust the frequency moni-
tor until the deviation meter indioates»the correct frequency.
deviation. It may be desirable to wmeasure the frequency moni-
tor «directly against the standard 31gna¢ at a time when the
radio transmitter is not operating.  If the freguency nonitor.
is of the type which is adjusted to exactly 1000 or 1250 kc, ..
the measurerent can be nade the same as in the case of the
radio transmitter. Howevor;'*f the monitor is set hlgh or . .
low by 500 or 1000 cyecles, it will be necessary to make use
of an.audio~frequency oscillator to deternine the value of
the audio beat frequency. 'In the case of a nonitor which has
a frequency of 999.500 or 10C0C:.50C kc, the beat note to be-
neasured would be 2500 cycles per second. As féve cycles.
variation in:the beat note is only 1 part in 10 any audio—~
frequency oscillator which nou“d be constant to 5 or 10 cycles
per second would be adeguates ~In the case of a monitor which
hag a frequency of 999.000 or 1001.000 kc a %OOO—cycle ‘note
would be produced. Similarly for 1250 kc, ﬂudlo~Prcauenoy beat

1 see Fefetrence (69), Part 3.
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notes of 2000 and 4000 cycles per second would have to be
mneasured. The general. rclaulon 1s that the audio-~fregquency
note produced by hetersdyning=the tionitor fre ouency“aﬁd”the
5000-kc standard signal .is cqual ‘to the. product of the number
of cycles the monitor is set high or Iow: aﬁd”thé“Tatlo of 5000
to the noninal value of. the rionitor.

B. liezsurenents with Auxiliary Generator for Freguency
Multiples of hO.

Hleasurcrents of any of thcsc frequcn01e reguire the use
of an auxiliary generator in addition to the high-frequency
receiver. The auxlllary generator may be a piezo oscillator
or 1t may be a wanually controlled oscillator. If a piezo
oscillator of the desired frequency is available, it is
desirable to use one. 1In;this case a distorting amplifier is
necessary in order to bring out the harmonics so that the beat

against the 5000-kc standard signal can be ecasgily heard. This
piezo oscillator should bé provided with a vernier freguency
adjustnent” so that 1t -can be readily adjusted to agreement
with the 5000-kc standard in the manner previously described.
After this is done the monitor or radio transmitter can be
neasured in terms of herronics of the auxiliary generator.
If a menually controlled generator is used, the L ratio rmst

bc low so that the freguency can be edgily adjusted to zero
cat with the standard lrequcncy, and lcadllv held on that
frequency. . :

There are two nmain: factors which determine: the -fregquency
to which the suxiliary senerator should be adjusted. The :
first is. that its fresuency rust have an integral relatlonshlpv-r
with the standard freguency .and the frequency to be measured.
The second is that the harmonic which is heterodyned with .the
standard frequency - rnust be of sufficient intensity to . produce
a beat note which is eaqlly Tecognized. _Taking both factors
into.account the. best resulkt is attained 1f the ¢requcncy of
the auxiliary generator is :the highest comnion factor of thc
standard frequency and the fr qucncy to be JG&SUILO -+ There
is one other conclderatlou in.the case. of. a manual V. controlled
auxiliary generator and that is, -the lower its frequency, the
less trouble, ig experienced in holding it at zeFo beat against .
the standard. freouencv . The fclIOW1ng table 1ndlcatcs the
broadcast f*equer01 s.which. can.be .ricasured in terns of the
5000-kc standard. freq uency. tIanSulSulO by weans of ‘& high-
frecuency radio ' réceiver and an au\lllary generator. It will
ve understood that .the table. gives . all broadcast fr@qupncles
which-are.multiples of 50, but doesg not indicate nore than one
wenerator freouency for theae frcquen01es excect for lOOO and

IEOO kc B R K S e e SR
‘ ub.e referén‘ce',»(é}:) Part} Pienowmlour o L V. R
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Frequency of Auxiliary Generator

500 ke, _ 200 k¢ 100 ko 50 k¢
1600 600 . 7000 -
1500 &0 900 -
10007 70 1100 .
1200 1300 50
1400 f;;115©o”1.f1495o; )
T om0
' 150 :
150
- 13591 

1450

As an example of this method of measurement, assune the -
frequency of the radio transuitter to be 1150 kt. The radio
receiver, in the generating condition, is tuned until the.
5000-kc standard frequency signal is heard. -Thev aux111éry .
generator, set on approxi. atgly 50 kc, is then turned’ on and .-
the frequency varied until & second audio frequcﬂcv s heerd - ..
on the output of the high~freéquency receiver. oIf the radio
receiver 1s then adﬂu\ted $0 that 1t does not- generate, the
aux1118ry generator can be set to zero beat with the standard -
frequency signal. . If the radio receiver is again® nade to
generate, the auxiliary generator can be easily'-set to agree-
nent with the standard frequency signal as p*eviously'explained.
The rough adjustizent to zero beat must be made when the radie
receiver is in the non-generating condition; othurwlsc there
is danger of setting to zero Yeat between the two ‘audio frequen—
cies or harmonics of the audio frequen01ess If*a piczo oscilla- "
tor is used, this precaution is uhnecessary. A‘detector-amplifier
1s set up so as to receive Dortlons of the outputs of the auxi—
liary generator and the 1150 ke radio uran331tter9 Fig. 4, The
output of the amplifier will give the audio beat Trequency be-
tween the 23d harmonic of the -auxiliary. generator and the 1150
kc of the radio transmitter. I this audlo ~frequency is reduced
to zerc as indicated on a visual beat indicator the transhitter
frequency will be in exact agreement with the standard frequency

signal. One person can maxe this adjustment, as an aural indi-
oatlon may be used for the auxiliary generator and a visual one
for the transmitter adjustnent.
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Pick-up from transmitter
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e e Device
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at

cast band.

"‘_rf-If§a piezo oscillator is used as the auxiliary generator,
it need only be checked against the standard frequency signel

intervals.

C. leasurement of Any Broadcast Freguency

' The methods of measurement given in the preceding para-—
‘graphs are applicable to twenty of the frequencies in the broad-—

» The highest common factor: of HC00 k¢ and the remain-
- ing ‘broadcast frequencies is 10 kc.

The freguency of. the suxi-

liary generator must therefore be 10 kc if the other broadcast
frequencies are to be checked readily in terms of the H000-kc

transmiscsions.

"Toud enough to be heard.distinctly.

The beat note between the H500th harmonic. of
theé "10~kc generator -and the 5000-kc transmission would not be

The gsimplest solution,.

“therefore, is to sct.the auxiliary generator on 100:kc and let

" it control a 10-kc multivibrator.

The beat against the stan—

‘dard frequency signal could then be heard easily and the har-
monics of the 10 kc would heterodyne -edually well with frequen-
‘cies.in the broadcast band. It is evident that with this
equipment all assigned frequencies in the broadcast band can

be checked against the

Tigure 5.

H0O00-kc standard frequency signal,
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H.F. ,
Teceiving | /Q:>
set ~o v
O
N~
N
—
\
Beat I
A _ _ , i Indicator
Aux.Gen. | 10Qkg| 10-ke | __ o ].Det.—~Amp: s
ROth 100 ko 7 M.V. 1%7th S G
harmonicf 77 e | _J harnonig '
of aux.gen. o of rul- :
' tivibrator Audio-
- __| freq.
measuring
e {device
Figure 5.

There are Eoné cascs in which a frcquency can be measured
by morec. than one of the methods indicated. The gquestion arises
as to the advantages and disadvantages of the various possibili-
tics or as to how existing equipnent might be brought into use.
The first wmethod iz eppliceble to only two fraaucn01co.. It pro-~ .
vides the nost accurate check for frequencies which are very near:
the harmonic value. For monitors, however, which are set high
or low by 5CO or.1000 cvcles per second; the audio frequeney -
which rust. be - ncasurcd,is so ‘high that it is very difficult to
deterrine its .value.: Tnis method.is further handlcapped by the
fact t aat,Lr tnc.ﬁbauuremcntq are made “in thé transmitting .sta-
tion when the power amplifier is operating, the harmonic which
is picked up on the receiver may be so strong ‘that it will .
blocg the Iboeler. If that s the case it would be neceasary
to Tocate the receiver at some distance from the trapsm¢tter‘v.
and use a line between transmitter and receiver. »

The second mcthod requires an auxiliary generator and
detector—-amclifier in addition to the equipment used in the
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firet method. A snall wmount of error may be introduced in tH1
nethod in the adjustrment of the auxiliary senerator. If a pie
oscillator is used this error is ‘neiligiblen T%- error 1is chh,
greater 1f a LQHU&llV"COhtrOlLLA ovolllatcr i sed. In either -
case, however, it should not oc iore than a Few oﬂrto in a million.
This nethod is appliceble tc 20 of the. broedcast freguencies, and
is zuch Uore uathfﬂctorv fo*_cnecx1ng rionitors which are set off
frequency because the audic” frequency to De nacasured quﬁls the -
arpiount tha monltor is se¢t high or low. If a harasonic amplifier
is coupled to the auxiliary senerator so thet sufficient voltage
is provided, the néasureent of the monitor can be rcad directly
on the visual indicator provided with that unit.

It is necessar to ugse the third wmethod in checking the.
resaining 76 broadcast fréquencies. This method requires a
high-frequency receiving. set, aux111?ry generator, 1l0-kc- nultl*
viorator, detector- ?t@llf*\T, and audio-— frequgnoy neasuring -
equipnént.  The accuracy nf this method is the same as, of the
second method

')P rt 3 Blollo*rnphy on Frpoue Cj Aggnur uentﬁ &nd
AS?OV¢3+Ld Equipnent. .

(Note.—. Thesc.publications are not issued by, nor are.they avall-
ablc"froq, tﬂb Burbau of Standards cxcent mhere no teds A star.
(*) indicatcs a Bureau publloatﬂon, and if a price is addc '

8, copy .say Dbe obtained from the Superintendent of: Docunent%,
Government Printing 0ffice,. . Washington, :D.C. These publicas
tiong can Pe consulted in publlc 11brcrles which maintain
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