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JLTHODS OF USING $fAR§ﬁ€§ EﬁgzU ENCY RADIO EMISSIONS

Thls Damphlet 5've§§ﬁet hods of frequency measurement for
utilizing the standard frequencies disseminated by radio by

the National Bureau of tandards. The pamphlet is in three
parts. v o ~ »

Part 1 gives methods of u31ng the emissions for the calid
bration of stendard oscillators .in simple cases where the fre-—
quencies have such numerical values as to be readily checked
directly in terms of the emissions. The information is given
specifically in terms of measurements upon the 5000-kc emissions,
but there should be 1little difficulty in applying the methods to
the 10,000-kc and 15,000-kc emissions. Higher harmonics of the
auxiliary generator are involved. Further amplification or a
doubling or other suitable increase in the frequency of the
auxiliary generator should enable one:to use any of the
emissions after some trial and adjustment of equipment.

Part 2 gives specific information for-the use of the
emlssions to check with great accuracy the frequency standard
sed in any broadcastlng station (e.g.; the monitor required
by F.R.C.Rule 1U45). The discussion is divided into three sec—
tions, A, B, and C, progressing in difficulty of measurement.
Section A deels with two frequencies, 1000 and 1250 kc/s; very

little apparctus is requlred for measurements at these fre-
quencies. Section B gives the method of measurement, using

an auxiliary generator, for frequencies which are multlnles

of 50 k¢/s. Section ¢ gives the method of measurement for any
broadcast freauency (multiples . of ten).

Part 3 is a bibliography, in which references to other
methods of frequency measurement may be found, and devices for
use in frequency measurements are described. The references
give other methods, which range from those using very simple
apparatus, -giving resulis only moderately accurate, to methods
using complicated apparatus glVlng results accurate to better
- than a part in a million. .

The Standard Frequencyv Emissions.— The National Bureau of
Standards transmits standard frequencies from its station TV,
- Beltsville, Md., near Washington, D. C. »
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Zach Tuesday and Friday (except legal holidays) three fre- .
quencies are transmitted as follows: noon to 1 P.il., Eastern
Standard Time, 15,000 kc/s; 1:15 to 2:15 P.if., 10,000 kc/s;

2:30 to 3:30 P,il., 5,000 kc/s.

The emissions on 5000 kc¢/s are particularly useful at dis-
tances within a few hundred miles from Washington, those on
19,000 kc/s are useful for the rest of the United States, and
those on 15,000 kc¢/s are useful in the United States and other
parts of tne world as well. = - - ,

‘The enmissions consist mainly of continuous, unkeyed carrier
frequency, giving a continuous whistle in the phones when re-
celved with an oscillating receiving set. For the first five
minutes thie general call (CQ de WWV) and the announcement of
the freguency arc transmitted. The fregquency and the call let-
ters of the station (WTV) arc given cvery ten minutes thereaften
The accuracy of the frequencies emitted is at all times better

gl

than a part-in five million.

Part 1. dheckinéfStandard,Oséillators;

ifethod of Heasurement.- While the standard frequency .
emissions may be used for many standardization purposes, the -
nost common use is to determine accurately the frequency of a.
piezo oscillator. The apparatus necessary is (1) the piezo os |
cillator, (2) a continuously variable radio-frequency generator °
whica is approxinately calibrated, (3) a variable audio-frequent
generator, and (4) a radio receiving set. A frequency meter of
resonance type is also useful but is not essential.

The fundamental frequency of a piezo oscillator is fixed by -
the dimensions of the quartz plate used. The vacuum-tube cir-
cuit arrangement in which the quartz plate is connected gives
nurierous harmonics for each fundamental frequency. The radio
generator, whica is continuously variable, can be adjusted to
any frequency, and likewise gives a series of harmonics for.cach .
fundanental fregquency to which it is adjusted. If the frequency .
of the radio generator is varied over.a wide range, beat notes '
are produced at a number of settings of the generator by the |
interaction of various harmonics of the fundamental frequency
of tne pieczo oscillator with a harnonic of the fundamental fre-
guency of thae gencrator. The beat notes may be hecard in a pair
of telephoncs suitebly connccted to the generator or to the. :
piezo oscillator. Any frequency present in the piezo oscillatol
can beat with a corresponding frequency present in the radio geée™
erator, which makes it possible to.set the generator at a number
of fregquencies which have a simple relation to the fundamental
frequency of the piezo oscillator. ' Providing the harmonic rela-
tionship is known, measurements can be riade at a great number Of;
frequencies in terms of a single standard frequency. :
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i IT £ is the fundamental frequency of the piezo oscillator
which is being-used and F the fundamental frequency of the
auxiliary generator waich gives zero beat, then

af = DbF
where a and b are integers (1, .2, 3, 4 eto.).

_ The procedure is simplest'when the ratio of the received

- radio freguency to the nominal frequency of the piezo oscilla-
tor to be standardized is a failrly small integer, less than 100.
For instance, cecondary standards whose fundamental frequencies
are 50, 100, 200, 500, or 1000 kc/s can be measured very simply
in terms of the emissions, and these secondary standards may be
advantageously used in turn to callbrate other apparatus. It

is, however, possible to use the emissions to establish accurate-
1y any de81red frequency. : :

: 17‘xamnle .of lleasurenent llethod.— Suppose it is reoulred to
_measure tae Irequencv of a plezo oscillator, the approximate fre—
quency of which is 700 kc/s, in terms of the 5, OOO-kc standard
_ frequency eumissions. . _

. 'If the radio generator is set at 100 kc/s, ‘the 50th harmonic
(5000 kc/s) will beat with the 5000~ko emission, and the 7th har-—
monic (700 ko/ ) will beat with the fundamental of the piezo os-

'i,0111at0ro

} The.SOOO—ke standard frequency emission is received first
and identified with the receiving set in the generating condition.
The radio generator is then turned on and adjusted to near 100
kc/s. This should give a beat note with the frequency generated
by -the receiving set The regeneratlon of the receiving set is
then reduced until the set just stops generating. A beat note
should then be heard which will in general be of less intensity
than that previously heard. This is the beat between the 50th
- harmonic of the radio. generator and the frequency of the incom-
ing wave. his beat note should be reduceéd to zero frequency
by adjusting the radio. generator. For most precise work, this
ad justment should be made by using a;beat~frequency indicator
or other means of indicating exact zero beat. A simpler and
equally accurate substitute is to bring in a tuning fork as
described below. However, Ior a simple discussion of the steps
involved in the meaculement,' glll be assumed tnat an accu-
rate zero-beat setting is ootalned

The radio generator is uherefore preelselv adjusted so that
it has a frequency of 100 ko/s. Without changing its adjustnment,
- couple the oiezo oscillator to it loosely. A beat note ghould be
neard in the telephones in the output of the piezo oscillator un-
less the frequency given by the piezo oscillator is an exact
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-multiple 0f.-100 kcfs. Suppose, for example, it is 700.520 kc/s.
In this case¢ a beat of 520 cycles per second will be heard. To
determine the value of this note, :the audio generator must be
used. ' '

The frequency of the beat note and the frequency of the
audio generator may be compared by using single phone units
from ecch source and rapidly interchanging them at the ear.

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 generator is closely adjusted. : For
exact zero beat the frequency of the adjustable audio generator
~gives the difference in frequency between the 7th harmonic (700
. kc/s) of the generator adjusted to 100 kc/s and the fundamental -
of the piezo oseillator. ST : : S :

Fig. 1 gives a diagrammatic representation of the frequen-
¢ies used. It is necessary to determine whether the piezo os-
- cillator frequeney is higher or lower than 700 kc/s. .This cenlt
- done by varying the frequency of :the radio generator. If. incres
ing tne frequency of this generator results in decreasing the
beat note, then the piezo oscillator frequency is higher than
the reference frequency, that is, the audio frequency is to be
added to 700 ko/s. If the reverse is .true, then the audio fre-
gquency 1is to be subtracted. L ' : ;

Use of audio-Frequency Note in Measurement.- A change in i

method described above which does not Trequire a beat indicator,
.is to adjust the radio generator to have a known frequency dif-
- ference with the incoming wave by means of matching with that of

‘a tuping fork of known frequency such as-1000 c¢/s. This method
~is more complicated.in calculation because a record must be madé
-0f four factors, (1) as to whether the radio gencrator was ad-

- justed higher or lower than zero beat, (2) the frequency differ-
- ence, (3): the harmonic relation between the standard signal and
the radio generator, and (4) the harmonic relation between the
radio generator and the piezo oscillator. The harmonic rela~
tions, however, come in to any method of measurement of this ki
The measurements involving the use of the tuning fork for adjust
‘ing the generator to give a beat note 1,000 cycles below the ;
5,000-kc signal would be made as follows, and are shown dia-
grammatically in Fig. 2.  Set generator from approximate zero |
. beat at 100 kc/s to 99.98 kc/s. The 50th harmonic is 99.98 x H0
= 4,999.0 kc¢/s (beats with 5,000 kc/s in receiver which is not
oscillating and gives a 1000-cycle note).: The 7th harmonic of
the generator (99.98 x 7 = 699.86 kc/s) may now be heard beating
in the telephones of the piezo oscillator which is known to be
approximately 700 kc¢/s. If this value were exactly 700, a note
of 700,000 — 699.860 kc/s or 140 ¢/s would be heard. However,
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- the beat note produced is matched with a corresponding note

from the. audio. gencrator. If the piczgo oscillator had the

frequency of 700.520 kc/s as assumed previously, the audio-—

frc uency note mcasurcd would have boen 700, 520 —- 699,860 =
j 20 kc/s or 660 c/s.

Whutncr to add or subtract the audio-frequency note of
600 o/ﬁ ‘%0’ the known frequency of 699.860 kc/s would be de-
cided: as 'follows when the radio-frequency gencrator was set
lower then the standard frequency signal. If lowering the
frequency of the radio genbrator increases the beat note
(660 ¢/s in this case), add the beat note frequency, or if
“increcasing the frequency of the radio generator decreases the
bbut notb,‘add the beat note frequency.

Fig. 1 Ya 7 TN a= frequency
700 kc/s 2 ; difference
)2 : measured
with audio
~ Dal at receiving set’ 4
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The nmeasurement could also be
to 100.020 k=/s using the 1000-cycl
The 50th harmonic is 100.020 x
the standard frequency

made by adjusting the generator
e tuning fork, as in Fig. 3. .
50 = 5001 kc/s which beats with
slgnal of 5000 kc¢/s and produces a 1000-
cycle note. A oertainfaudio~frequency note is produced in the
telephones of the piezo oscillator, which is matched with. a -
similar note from the audio oscillator as before. If lowering
the frequency of the radio generator reduces the audio-frequency.
note heard, subtract it from the known frequency of'7OO.140?kC/S’
or if increasing the frequency of the radio generator increases ‘-
the audio not¢, subtract it. The audio-frequency note heard
with a pilezo nscillator having the assumed frequency would be
380 c¢/s, hence 700.140 + 0.380 = 700,520 kc/s. S

?art 2. Checking 3Broadcast Frequency Standards.

4. Integral Sub-multiples of Emission Freguency.

The frequencies whic

h are integrai‘sub-multiples of the
emission frequency are mo

: L st easily measured. For the emission ’
frequency of 5000 kc/s there are only two broadcast frequencies,
1000 and 1250 kc/s, which bear this relation. The fifth harmoniC

of 1000 k¢/s is 5000 ke/s. 1If & 1000-kc/s oscillator, whether a
transnitting set or fre uency standard, is coupled to a radio re-
celver tuned to 5000 kc¢/s at a time when the standard signal is

being received, a heterodyne note will be produced which is equel
to the freguency difference between the 5th harmonic of the 1000-
kc/s oscillator and the standard signal. Assuming that the.nom—

inal value of the 1000-kc/s oscillator is known, all that remains

-kt
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in order to measure the frequency accuratély, is to determine
the frequency of the beat note and waether the frequency is
higher or lower than the standard signal. This is .done when
the radio receiver is not in the generating condition. The
.most convenient method, .if the beat note is in the audible
range, is to match it with a known audio frequency produced by
a calibrated:audio oscillator. The direction of the deviation
is most easily deternined by making a slight change of known
direction in- the -unknown frequency. If an increase in the
unknown frequency increases the frequency of the beat note

the unknown frequency is high. . If an increase in the unknown
frequency decreases the frequency of the beat note, the unknown
- frequency is.low. Conversely, if a decrease in the. unknown fre-
_quency increases the frequency of . the beat note the unknown fre-
quency is-low, and if a decrease in the unknown frequency de-
creases the frequency of the beat note, the unknown frequency
is high.: If the audio frequency to be measured is between 5-
and 200 ¢/s, the audio-frequency arrangement described in a
previous Bureau publication¥ by N¥. P. Case can be used with a
very high degree of accuracy. If the audio frequency is still
lower and goes below the range -of the audio-frequency amplifier,
"1t is necessary to provide a carrier for this audio-frequency
note. This is done by making the radio receiver generate and
adjusting the resulting beat note so that it is approximately
1000 c/s. A fluctuation in the amplitude of this 1000-cycle
note, waich has a frequency equal to the frequency difference
between the two radio freguencies, will then be heard.. If 1%
is-only desired to resdjust the unknewn frequency-to:agreement
‘with the . standard signal, it is a simple matter to adjust to
zero beat. The same method can be used. for a frequency of
1250:kc/s. Precaution must be taken to make it possible-to.
combine -the signals with approximately equal intensity.,  Sone
difficulty in this respect may be expected 1f measurements are
made when the transmitter is operating unless. the harmonics are
vVery completely suppressed. RS : ' .

tor having a frequency of 1000 or 1250 kc/s<can.pe meagured or
adjusted. to. frequency in a. similar manner. If the radio: trans-
uitter is. operating, the measureuent can be made indirectly in
terms of tne tranemitter in the following menner. lcasure the
frequency of the radio transmitter in terms of the 50Q0-kc -
signal and simultancously read the frequency as indicated by

he frequency deviation meter on the monitor. ?he two frequ?n"
cies should agroe, If they do not, adjust the frequency ronitor
Until the deviation meter indicates the correct frequency devia-
tlon. Tt may pe desirable to measure the frequency monitor direct-
l‘y against the standard signal at a time when the radio trans-—.

A station frequency monitor which utilizes a plezo oscilla-

:m;tter5is=not-Operating-

See Réferéhce'(SE), Part 3.
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If *He IIGQUanY monltor is of the typb "thh is adgusted
to: cxactly 1000 or 1250 ke¢/s, the measurcment can be made the
sane. as in ‘the case- oF the radio transmitter:. However, if the
nonitor :is set high or low by 500 or 1000 c/s, it will be neces-
sary to make use of an.dudio oscillator to determine the value
of :the audio beat flequcncy. In the case of ‘a monitor which has’
a frequency of 999.500 'or 1C00. 500 k”/s, ‘the beat note to be
rieasured would be 2500 o/s. Ag five cycles variation in the
beat note is only 1 part in lOO any audio oscillator which
would be constant to 5 or 10 c/s would be adequaté. In the
cesge.of .a monitor which has.a frequency of 999.000 or 1001.000
. ku/s a. 5000~cyole note-would be produced.. ‘Similarly for 1250
.- kc/s; audio-frequency beat notes of 2000 .and 4000 c/s would haW

to be neasured. - The general Telation is that the audio-—
frequency note Drouuced by huterodynlng the monitor frequency
~and the 5000-kc istandard signal: is:equal to the product of the
number of cycles the monitor is set -high or low and thu ratlo
of 5000 uO tne non1na1 value of thb monltor.

- Tae sanc pr1n01ples nay be followed for the 10 OOO and
15 OOO~{C en1531ons.;--,- -

Ba Meuaur ﬂents w1th Aux1llary Generator for Frequcncy
. : ‘ .,jaltlnles of 50

_ MbasurLMLnts of any of these frequen01es require the use
of an auxiliary generator -in addition to the high-frequency re-
ceiver. The auxiliary generator nay be a piezo oscillator or
it way be a manually:controlled oscillator. . If a piezo oscil-
lator of the desired frequency is available, it is desirablé to
use onc. In this case a-distorting amplifier is necessary in-
order to bring out the harmonics.so that the beat against the
standard signal can be vasily hecard. This piezo oscillator -
saould be provided with a vernier frequency adjustmen so that
it can be readily adjusted to agreement with the 5000-kc stan-
dard in the manner previously described.. After this .is done
tiie monitor or radio transmitter can be measured in terms of
harmonics of the auxiliary generator. If a manually controlled
renerato* ig used, tne L ratlo must be low so that the frequenCY

-
can be easily adJuoted to zero beat Wlth the standard frequency’
and readlly held on that frequency.

_There are t7o. main- factors which determlne the frequen¢y to
which the auxiliary generator ghould be adjusted. The first is
tuat its frequency must have an integral relationship with the
stendard frequency and the frequency to be measured. The second
ig tnat tae harmonic waich 1s heterodyned'with the standard fre-
guency must be of sufficient intensity to vproduce a beat note

See references (21) and (75), Part 3.
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Wnich is easily reoognlzed Taking both factors inte account
tne best result is . attained if the frequency of the auxiliary
generator is the hlghest comuon factor of the standard frequen-
cy and the frequency to- be measured. There is one other con-
sideration in the case of a mawually controlled auxiliary gen—
erator and that is, the lower its frequency, the less trouble
is experienced in holdln@ it at zero. beat against the standard
Irequency. The following tablé indicates the broadcast fre—
cuencies which can be mpasured in terms,of the 5000-kc standard -
frequency emission by means of a. hlgn—frequencv radio receiver
and an auxiliary generator.. It will be understood that the
table gives all broadcast flequen01us which are multiples of
50, but docs not indicate more than one generator frequency
for these frequencies except for 1000 and 1500 kc¢/s.

‘Broadcast Frequencies ileasurable with Auxiliary Generator

- Frequency of Auxiliary Generator in kc/s.

500 200 100 50
1000 600 700 - 550
1500 800 900 650

1000 1100 -~ 750
1200 1300 ; 850
1400 1500 - 950
e 1050
1150
1250

1350 -
1450

As an example of this method of measurement, assume the fre~
quency of the radio transmitter to be 1150 kc/s. The radio re-
ceiver, in the generating condition, is tuned until the 5000-kc
standard frequency signal is heard. The auxiliary generator,

- set on approximately 50 kc¢/s, is then turned on and the frequency
varied until a second audio frequency is-heard on the output of
the high-frequency receiver. If the radio receiver is then ad-
justed so that it does not generate, the auxiliary generator can
be set to zero beat with the standard frequency signal. If the
radio receiver is again made to generate, the auxiliary generator
can be easily set to agreement with the standard frequency signal
as previously explained. The rough adjustment to zero beat must
be made when the radio receiver is in the non-generating conéition,
otnerwire there is danger of setting to zero beat between the two
audio frequencies or harmonics of the audio frequencies, If a
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pleze oec111ator 1s used, thls precautloq is unneceseary. A de-
tector-amplifier is set up so.as to receive portions of the out-
puts of the auxiliary generator. and the 1150-kc radio trans-
mitter, Fig. 4. The output of the amplifier will give the audio
beat-frequency between the 23d harmonic of the auxiliary genera-
tor and the 1150 kc/s of the radio transmitter. If this audio
frequency is reduced to zero as indicated on a visual beat in-
dicator the transmitter frequency will be in exact agreement
with tne standard frequency signal. - One person can make this
adaustnent, as an aural indication may be used for the anx111aﬂ
generator and a v1aua1 one for the transmltter adgustment.

«Q
s Pick-up from transmitter
- ~or monitor
o
3
!
© H.f. ) =
receiving o
set f
Q,
Yoy
i
e Beat
j/ Ind.
Aux. Gen. — ,
AN 50 xe/d . Det.—-Amp.
100th 234 harmonie of I -
harmonic aux. gen. . \jaud.freq
of aux.gen.. . = | Hteas.

Device -
‘il . |  Fig. b

If a piezo 030111ato; ig used as tne aux111ary generator:
it need only ve checked against the tandard f;equenoy signal
at intervals,
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-jC.'Measurement'df AnyiérbadCaSt Frequency.

The methods of measurement given in the preceding para-—

- graphs -are applicable to' twenty of the. freoguencies in the broad-

cast band.

_ Tne highest common factor of 5000 and the remaining
broadcast frequencies iz 10. The frequency of the auxiliary

generator must therefore be 10 kc/s if the other broadcast fre-

quencies are to be checked readily in terms of the 5000-kc
emissione. - The beat note between the 500th harmonic of the
10-kc generator and the 5000-kc emission would not be loud
enough to be heard distinctly. The simplest solution, there-
fore, is to set. the auxiliary generator on 100 kc/s and let it
control a 10-kc multivibrator. The beat against the standard
frequency signal could, then be heard casily and the harmonics
of the 10 kc7s would heterodyne equally well with frequencies
in the broadcast band. It is evident that with this eguipment
all assigned frequencies in the broadcast band can be checked
against the 5000-kc standard frequency signal, Figure 5.

@
3 | |
= Pick-up from transmitter
ol - or monitor. :
ol : -
e\
T\ I — . .
- H.F. :
— Jreceiving | _ (2:3
set @
~
o]
"
o
LR
9
‘—'
N
' . Beat
‘ Indicator
N r
/ Aux.gen. {100/ 10-ka/q | Det.-amp|
. 50ta") 100 ke/sf” 7} V. | 137%h |
darmonic | N harmonid -
°f auz.gem. of multi- .
vibrator %ule?
_| freaq.
{measuring
device

Fig.;5.v
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There are some cases in which 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 équipment might be brought into use.

~%The first method is applicable to only two frequencies. It pro-
vides the most-accurate check for frequencies which are very
near the harmonic value. For monitors, however, which are set
~high or low by 500 or 1000 c¢/s, the audio frequency which must
be measured is so high that it is very difficult to determine
its value. This method is further handicapped by the- fact that
if the measurements are made-in the transmitting station when
the power amplifier is operating, the harmonic which is picked
up on the receiver may be so strong that it will block the re-
ceiver. If that is the case it would be necessary-to locate
the receiver at some distance from the transmitter and use a
line between transmitter and receiver.

The second method requires an auxiliary generator and
detector-amplifier in addition to the equipment used in the
first method. A small error may be introduced in this metiaod
in the adjustment of the auxiliary generator. If a piezo oscil-
lator is used this error is negligible. The error is much
greater if a mamually-controlled oscillator is used. In either
case, however, it should not be more than a few parts in a
million. This method is applicaple to 20 of the broadcast
frequencies, and is much more satisfactory for checking moni-
tors which are set ofi-frequency because the audio frequency
to be measured equals the amount the monitor is set high or
low., If a harmonic amplifier is coupled to the auxiliary
generator so that sufficient voltage is provided, the measure-
nent of the monitor can be rcad directly on the visual indi-
cator provided with tihat unit. ‘

It is necessary to use the taird method in checking the
renaining 76 broadcast frequencies. This method requires a -
hign—-frequency receiving set, auxiliary generator, 10-kc nulti-
vibrator, detector-amplifier, and audio-frequency measuring
ecuiprient. The accuracy of this method is the same as of the
second nethod. . '

Part 3. Bibliography on Frequency Heasurements and | i
' Assoclated Fauipnment. e ;

‘Hote.—- The publications in the following list are in chrono
logical order. ZExcept where noted, they are not issued by, nor
are they available fro:u, tine National Bureau of Standards. Thest
publications can be coansulted in public libraries which naintain
files of periodicals, or copies may be secured from the publish-
ers at the addresses given below..
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