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- . The National Bure ¥¥@$? tandards. broadcasts standard fre-
.quencies by radio. “The Wmethodg of measurement by which these

are utilized are given-in Xhié pamphlet, which is divided into
four parte, ‘ B P R o

-

- U7.part 1 gives methods of using the carrier frequencies for
the cdlibration of standard.oscillators in.simple cases where
the frequencies have such- numerical valucs as to be readily
checked directly in termg of the emisgions. The information

is given specifically in terms of measurements upon the 5000-kc
emigsions, but there should be little difficulty in applying

- the methods. to the 10,000-ke-and. 15,000-kc emissions, using

Shigherfharmonicsfof*thé“aﬁkiifary.genefator; Further emplifi-
;QatiOH,:andfsuitabléfinércaéefin"thelfrequencymof the auxiliary
-generator, -should ‘enable one ‘to use any of the emissions after
some triﬁl“andﬁadjust@éﬁﬁ”dffunipmentaﬁf’3 S :

. Part 2 gives details for the checking of.broadcast fre-
Quencics, The diseussion is divided into three sections, A, B,
and ¢, progressing in difficulty of measurcment, geetion A
deals with only two frequencies, 1000 and 1250 kc/s; very little
apparatus is Tequired fo:’measurements;at,thcsowfrequenqlgs.
Scction B gives 'the method of measurcmend, using an aguxiliary
generator, for frequencies which are multiples .of 50 kc/s.

8cction ¢ gives the method of measurement for any broadcast
frcquencyl%multiples of ten). - . ouloo0 -

Part 3 describes methods of using the standard audio fre—
quency furnished as a modulation frequency with ccertain of the
emiggions, It gives mecthods .of checking’ a local frequency,
controlling a -gource of audio or other Trequency, and producing
& standard of timc rate, T St S R

. part U ig a Dbibliography,-in which-roferences to other
nethods of froquéncy measurement may be found, and dcvices for
‘Use in frequency measurcments. are described, {Tne_refergnces
8lve other methode, which‘rango"fromithosa_uglngﬁvery.slmplﬁ
39Paratus,.giving1resultg-on1y:moderately_accqrate,yto riethods
Using complicated apperatus’ giving.results accurate to better

han a part in a million. - Coalonas e
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The gtandard Frequency Emigsiong.—- The National Bureau of
Standards transmits standard frequencies from its station W7V,
Beltsville, Md., near Washington, D,C,

Fach Tuesday and Friday (except legal holidays) three fre-
quencies are transmitted as follows: noon to 1 P,M.,, Eastern
Standard Time, 15,000 kc/s; 1:15 to 2:15 P,M,, 10,000 kec/s;
2:30 to 3%:30 P,M., 5,000 kc/s, Each Wednesday the same fre-
quencies are transmitted, on the same schedule but with lower
power, and carrying a standard frequency of 1000 cycles per
sccond as a modulation (see Part 3 hereof),

The emissions on 5,000 kc/s are particularly useful at dis-
tances within a few hundred miles from Waghington, thosc on
10,000 k¢/s are useful for most of the rest of the United States,
and those on 15,000 ke/s are useful in the western part of the
U.S., and to some cxtent in other parts of the world,

The accuracy of the frequencics as cmitted is at all timeg
better than 1 part in 5,000,000, The Burcau will furnish details
of the cmission schedule upon request, '

Part 1. Checking gtandard Oscillators.

Method of Measurcment.~ While the standard frequency emission
may bc used for many standardization purposes, the most common use
ig to determine accurately. the frequency of a standard oscillator,
The apparatus necessary is (1) the oscillator, (2) a continuously
variable radio-frequency generator which is approximabtely call-
brated, (3) a varieble audio-frequency generator, and (4) a radio
rcceiving set, It is desirable that the recciving set have auto-

matic volume control, A frcauency‘moterjhf'resonancoitypc_is

also useful but is not essential; -

The fundamental 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 connected gives
numerous harmonics for each fundamental frequency, ~The radio
generator, which is continuously variable, can be adjusted to -
any frequency, and likewise gives a serics of harmonics for cach
fundamental frequency to which it is adjusted, If the frequency
of the radio generator is varied over a wide range, beat notes 2r¢
produced at a number of scttings of the generator by the intcrac-
tion of various harmonics 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 tele—
phones sultably connccted to the gencrator or to the piezo oscil-
lator., Any frequency present in the piezo oscillator can beat
with a corresponding frequency present in the radio geonerator,
which mekes it possible to set the generator at a number of fre—
quencics which have a simple relation to' the fundamental frequcency.
of the piezo oscillator, Providing the harmonic rclationship 31s .
~~~~~ —~nown, meagurementt—cen-bvmade-at g great number of froquencics
in terms of a single standard frequency, - - '
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. If £ is.the fundamental frequency of the piezo oscillator.
which is being used and F the fundamental frequency of the
auxiliary generator which gives zero beat, then

af = DbF
vhere a and b are integers (1, 2,. 3, Ra_etc.).

The procedure is simplest when the ratio of the received
radio frequency to the nominal frequency of the piezo oscilla-
tor to be standardized is a fairly small integer, less than 100.
For instance, secondary 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 calibrate other apparatus. It
is, however, possible to use the emissions to establish accurate-
ly any desired frequency. '

" Examples of lleasurement lethod.~ Suppose it is required to
measure tae irequency of a piezo oscillator, the approximate fre-
quency of which is 700 kc/s, in terms of the 5,000-kc standard.
frequency emissions. : ’

If the radio generator is set at 100 kc/s, the 50th harmonic
(5000 kc/s) will beat with the 5000-kc emission, and the 7th har—
monic (700 kc¢/s) will beat with the fundamental of the piezo o8-
rillator. ' - : :

The 5000-kc standard frequency emission is reﬂe@ved 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 genera@ed
by the receiving set. The regeneration of the receiving set‘ls
_then reduced until the set just stops generating. A beat note
should then be heard which will in gencral 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. This beat note should be reduced to zgro_frequency

¥ adjusting the radio generator. For most prerise ?org, thia
adjustment should be made by using a beat-frequency indicator
OF other means of indicating exact zero beat. A simpler and
€qually accurate substitute is to bring in a @uglng;fork as
described below. However, for a simple disqu531on,of the steps
involved in the measurement, it will be assumed that an accu-
Tate zero-beat setting is obtained.

4 e radic generator is therefore precisely éﬁjusted'eo that
it hagha freque%oy of 100 kc/s. Without changing its adgustmeng,
SCouple the piezo oscillator to. it loosely. 'A beat note should be
heard in the telephones in the output of the plezo oscillator un-
lesg the frequency given by the piezo oscillator is an exact
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rmltiple of 100 k¢/s. Suppose, for example, it is 700.520 kc/s.
In this casc 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 coupared 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 gencrator adjusted to 100 kc/s and the fundamental
of the pieczo oscillator. )

Fig. 1 gives a diagrammatic representation of the frequen-—
sies used. It is necessary to dctermine whether the piezo os-
cillator frequeney is higher or lower than 700 Xc/s. This can be
done oy varying the frequency of the radio generator. If increas-
ing tne frequency of this generntor results in decreasing the '
beat note, then the piezo oscillator frequency is higher than
the reference freguency, that is, the audio frequency is to be
added to 700 ke/s. If the reverse is true, then the audio fre-
guency is 1o be subtracted. ’

Us2 or Audio-Frequency Note in Measurcment.— A change in the
method descrited above waich docs not remuizc a beat indicator,
is to adjust tihe radio generator to have a known frequency dif-
‘ference with the incoming wave by mcans of matching with that of .
& tuning fork of known frenquency such as 1000 ¢/s.  This method
is morc complicatud in calculation because a record must be made
of 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
Tadio generator and the piezo oscillator. The harmonic rela-
tions, however, come in to any method of measurement of this kind.
The measurenents 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 ve made as follows, and are shown dia-
grammatically in Fig. 2. Sect generator from approximate zero
beat at 100 kc/s to 99.98 kc/s. The 50th harmonic is 99.98 x 50
= 4,939.0 kc/s (beats with 5,000 kc/s in receiver which is not
oszillatine and ~ives a 1000-cycle notc). The 7th harmonic of
the gencretor (99.98 x 7 = 699.86 ke/s) may now be heard beating
in the telophonus of the piezo oscillator whaich is known to be
approximately 700 ke/s. If this value were cxactly 700, a note
of 700.000 - 699.860 kcf/s or 140 ¢/s would be heard. However,-
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~ the beat note produced is matched with i
0t¢ ¢ - a corresponding note
; grgm ?he audio generator. If the piczo osoillago; hag the
f;zqgigg§_ggt7oo.5zo kg/s,as.assumed previously, the audio-
; e ¢ mecasurcd would -have been . - =
50.6 @ kc/s or 660 c/s. ° besn 700 520— 699860 :

% Whether to add or subtract the audio-frequend )

_ ' r » ] y note of.

gggjg[ggtqfthe kxnown frequency of 699.860 kc/s would be de-

lowb ‘ag:follows when the radio-frequency generator was set

fAer than the standard frequency signel. If lovering the

requency of the radio gencerator increascs thce beat note

» hngo/g in this case), add the beat note frequency, or if

o casing the frequency of the radio gencrator decreases the
eat note, add the beat note frequency.

Fig., 1 . .
)a /N a= frequency
700 kc/s 1 ; difference
‘ig::& R ‘e;‘;,\§aﬁ, - . . .. measured
5000-ke/s standard. frequency sig- |’ il 4. . with audio
Conal at Teceiving set ~ ?;_ & 't*;*_‘;_;’?.; ~ generator
S e O ! N |
_‘,kif5chfharmbniou%: N D : i
G A RN i : »
Co s S ) i6z0 oscillator
| benerator ‘set A T B to be measured
at 100 ko/s | 7th hammonie | | . ‘7|70t a ko/s

5 A~ a = frequency

A 699.860 kefis. ) |, differenme meas-
: N N s

yred with audio
I o IR A | . - generator. Fre-
1 000-kc/s standard freguency signal " "quency of piezo
{ -at receiving set . = R SRR - ‘osoillator~1s
©21000~-cycle note = . - oo 699.86 + a kc/s.
" Betermined by tuning fork) - - B

.7 50th narmonic - 7 s
V ‘\ S AH L _{Plezo oscillator i

¢ |Generator set 4“"\Lh.h}ff;ﬁ7fjf o ggobf 2e§g?;?d
. low from 7th narmonic .. - —
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Fig. 3..

1000~-cycle note- ) T o ) T
Determined by tuning fork ) 700.140 kc/s )a
5000-kc/s standard fre- ) A

quency signal at
receiving set

a = frequency

difference meas-
ured with audio
generator. Fre-

- quency of piezo

oscillator is

50th harmonie |
S - 700.14 + & ko/s.

Generator set _
high from o e
100 ke¢/s [~ 7tR @armonit - . o - |[Piezo oscillator
T T to be measured
700 * a kc/s.

[

The measurement could also be made by adjusting the generator
to 100.020 kc/s using the 1000-cycle tuning fork, as in Fig. 3.
The 50th harmonic is 100.020 x 50 = 5001 kc¢/s which beats with
the standard frequency signal of 5000 kc¢/s and produces a 1000~
cycle note. A certain audio-frequency note is produced in the
telephones of the piezo oscillator, which is matched with a -
similar nose 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 700.140 kc/s,
or if increasing the frequency of the radio generator increases
the audio note, subtract it. The audio-fregquency note heard
with a pieno oscillator having the assumed frequency would be
380 ¢/s, hence 700.140 + 0.380 = 700.520 kc/s.

Part 2. Checking Broadcast Frequency Standards.

R A.'Iniegral Sub-multiples of Emission Frequency.

The frequencies which are integral sub-multiples of.thg
emission frequency are most 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 kc¢/s is 5000 kc/s. If a 1000-kc, ' oscillator, whether a
transmitting set or frequency standard, is ooupled to a_radlo_re—
ceiver tuned to 5000 kc?s at a time when the standard 51gpal is
being received, a heterodyne note will be produced which is equal
to the frequency difference between the 5th harmonic of the 1000-
ko, © oscillator and the standard signal. Assuming that the nom-
inal value of the 1000-kc’ oscillator is known, all that remalns
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-

in order to measure the freguency accurately, 1is 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 auaible
range, is to match.it with a known audio frequency produced by
a calibrated audio oscillator. The direction of the 'deviation
is most easily determined 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 decreagses 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 betwgen 5
and 200 ¢/s, the audio-frequency arrangement described in a
previous Bureau publicationv by N. P. Case can be used.W1th_a.
very high degree of accuracy. If the audio frequency 1s s§1}1
lower and goes below the range: of the audio-frequency amplifier,
it 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 ¢/s. A fluctuation in the amplitude of this 1OQO~cycle
note, which has a frequency equal to the frcouency difference
between the two radio frequencies, will then be heard. If it
is only desired to readjust the unknown frequency to ggreement
with the standard signal, it is a simple nmatter to acdjust to
zeTo beat. The same method can be used for a‘frequegcy of

1250 kc/s. Precaution must be taken to make it possible to
combine. the signals with approximately equa}alntensltyc Sone
difficulty in this respect may be expected 11 mpasuremen?s are
hade when the transmitter is operating unless the harnonics are
very completely- suppressed. - -

A station frequency monitor which utilizes a piezo oscilla-
tor having a freguency of 1000 or 1250 kc/s can be meagurid or‘
adjusted to frequency in a similar manner. If the rgdiotlragi
nitter is operaiing,  tixe measurewent.can oe made indirec y‘h
terms of the transmitter in tihe following menner. Ieasure uhe
frequency of tae radio transmitter in terms of the §OOO—kcb
signal and simultancously ryad-the frequency asngndliat§d) yén~
the frequency dcviation umeter on the mqnltor. The two *rcquitor
cles should agree. -IT they do not, adjust the f{equency mg%v'a-
until the deviation meter indicates the correct frequency Ld} ot
tion. It mey be desirable to'measure_the frequency monitor iTLC
ly against the standard signal at-a time wiach the radio trans
‘§itter is not oopcrating. e

See Reference (32), Part 3. F

e
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If the frequency monitor is of the type which is adjusted
to exactly 1000 or 1250 kc¢/s, the measurement can be made the
same as in the case of the radio transmitter. However, if the
rnonitor is set high or low by 500 or 1000 c¢/s, it will be neces-—
sary to make use of an audio oscillator to determine the value
of the audio beat frequency. 1In the case of a monitor which has
a frequency of 999.500 or 1000.500 kc/s, the beat note to be
rneasured would be 2500 c/s, Ag five cycles variation in the
beat note is only 1 part in 10°, any audio oscillator which
would be constant to 5 or 10 c¢/s would be adequate. In the
case of a monitor which has a frequency of 999.000 or 1001,000 .
kc/s a 5000-cycle note would be produced. Similarly for 1250
kc/s, audio-frequency beat notes of 2000 and 4000 ¢/s would have.
to be measured. The general relation is that the audio~-
frequency note produced by heterodyning the monitor frequency
and the 5000-kc standard signal is equal to the product of the
number of cycles the monitor is set high or low and the ratio
of 5000 to the nominal value of the monitor.

The same principles nay be>followed for the 10,000 and
15,000-kc enissions. '

B. ieasurenents with Aukiliary Generator for Frequency
Hultiples of 5HO.

Measurements of any of these frequencies require the use
of an auxiliary generator in addition to the high-frequency re-
ceiver. The auxiliary generator may be a piezo oscillator or
it may be a manually controlled oscillator. If & piezo oscil-
“lator of the desired frequency is available, it is desirablé to
use oneé. 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 casily heard. This piezo oscillator
should be provided with a vernier frequency adjustment® so that
it can be readily adjusted to agreement with the 5000-kc stan-
dard in the manner previously described. After this is done
the monitor or radio transmitter can be measured in terms of
harmonics of the auxiliary generator. If a manually controlleé
generator is used, the L ratio must be low so that the frequency

. G :

can be easily adjusted to zero beat with the standard frequencys
and readily held on that frequency. -

There are two main factors which determine the frequensy to
which the auxiliary generator should be adjusted. The first is
that its frequency must have an integral relationship with the
standard frequency and the frequency to be measured. The second
1s that the harmonic which is heterodyned with the standard fre-
guency must be of sufficient intensity to produce a beat note

See references (21) and (75), Part 3.
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vhich is easily recognized. Taking both factors into account
the best result is attained if the frequency of the auxiliary
generator is the highest common factor of the standard frequen-
cy and the frequency to.be measured. There is one other con-
sideration in the case of ‘a manually controlled auxiliary gen-
erator and that is, the lower its frequency, the less trouble
is experienced in holding it at zero beat against the standard
frequency. The following table indicates the broadcast fre—
quencies which can be measured in terme of the H000~kc standard -
frequency emission by means of a high-frequency radio receiver
and an auxiliary generator. It will be understood that the
table gives all broadcast frequencies 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 Heasurable with Auxiliary Generator

Frequency of Auxiliary Generator in kc/s.

500 200 100 50
1000 600 700 550
1500 800 500 650
1000 1100 750
1200 1300 850
1400 1500 950
: 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 Te-
Céiver, in the generating condition, is %uned until the 5000-kc
standard frequency signal is heard. The auxiliary generator,

St on approximately 50 kc/s, is then turned on and the freguency
varied until a second audio frequency is heard on the oupput of
the high-frequency receiver. If the radio receiver .is tnen ad-
Justed so that it docs not gencrate, the auxiliary generator can
Y%¢ set to zero beat with the standard frequency signal. If the
fadio receiver is again made to generate, the auxiliary generator
Can be easily set to agreement with the standard frequency signal
8 previously explained. The rough adjustment to Zero beat mgs?
%¢ made when the radio receiver is in the non-generating condition,
“lnerwire there is danger of setting to zero beat between the %wo
@udio frequencies or harmonics of the audio fregquencies. If a
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piezo oscillator is used, this precaution is unnecessary. 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-freguency between the 234 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
7ith the standard frequency signal. One person can make this
adjustment, as an aural indication may be used for the auxiliary
generator and a visual one for the transmitter adjustment.

[}
> Pick-up from transmitter
A or monitor
Q
e
2 o
H.ﬁ. , 2
receiving <:> o
set f
o!
Ly
1
—, Beat
’1/ Ind.
J\ ALIK. Gen' hpo—ry - ‘
‘ 50 kc/s . Det.-Amp. N
~ 100th 234 harmonie of . a1
harmonic aux. gen. Aud.freq
of aux.gen. DMeggé
evi
Fig. k.

) If a piezo oscillator is used as the auxiliary generator,
1t need only be checked against the standard frequency signal
at intervals. ' ~ , ' '
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C..heaburemenu’OL AFJ Broadcact Wreauﬂnoy

The methodo of measurement glven in *Le preceding para-—
graphb are abplicaple to twenty of the freocuencies in the broad-
cast band. Tne highest common factor of 5000 and the remaining
broadcast frequen01ee iz 10. he chcucncy ‘0f the auxiliary
generator must therefore be 10 kc/s if the other broadcast fre-
quen01es are to be checked readily .in. ‘terms of the 5000-kc
tmissione. - The beat note between the 500th harmonic of the
10-kc generator and the. 5000-kc . emiseion would not be loud
enoughr to be heard distinctly.  The simplest solution, there-
fore, is to set the auxiliary generator on 100 Vc/s and let it
control a 10-Kc multivibrator. The beat against the standard
frequency signal could then be heard easily and the harmonics
of the 10 ko?s would heter odjﬂe equally well with frequencies
in the broadcast band. It is evident that with this equipment.
all assigned f*ecuen01es in the broadcast band can be checked
against’ the 5000—~o standard frequency signal,- Figure 5.

e

n y " N
N . Ppick-up from transnltter
o e OT- monltor. ‘
0 - S e
. HQF‘ N L ¥
———|Tecelving | (7 )
set _ 1:2
21
o -
~
- )
: 1
Vo .
; . Beat
indicator
N ot ST - et
L Aux.gen. {100k 4 0-<~/ ;‘"-.Det.—Amp
50th | 100 k¢/s ? ‘ _m.V.x 1370 R
irmonic s narnnﬁldn__ﬂ__;;_-
% aux.gemn. of multi~ - e
o vibrator Audio- -
o T freq.
measuring
device

Fig. 5.
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There arc somc cascs in which a froguency can be mecasured
by morc than onc of the methods indicated., The question nriscs
ag to the adventages end disadvantages of the various possibili-
tics or as to how cxisting cquipment might be brought into usec,
The first mcthod is applicablc to only two froequencics, It pro-
vides the most accurate check for frequencics which arc very -
near the harmonic valuc, For monitors, however, which are set
high or low by 500 or 1000 c¢/s, the audio frequency which must
be meagured is so high that it is very difficult to determine
ite value, This method is further handicapped by the fact that
if the measurements are madc in the tronsmitting station when
the power amplifier is operating, the harmonic which is picked
up on the receiver mny be so strong that it will block the re-
ceiver, If that is the casc it would be necessary to locate
the receiver at some distance from the tranemitter and usc. a
linc between transmitter and receivor. ’ ' '

The sccond method requires an euxiliary gencrator and de-
toctor-amplifier in addition to the equipment used in the firgt
mcthod, A small crror may be introduced in this method in the
acjustment of the auxiliary gencrator, If o piczo oscillator is
used this crror is negligible, The error is much greater if a
manually-controlled oscillator is uscd, In cither casec, however,
it should not be morc than a fow parts in a million, This method
is applicable to 20 of the broadcast frequencics, and is much
rore satisfeactory for checking monitors which arc sot off-frequency
because the audio frequoncy to be momsured cquals the amount the
monitor is set high or low, If a harmonic amplifier is coupled
to the auxibiary generator so that sufficicnt voltage is provided,
the moasurcment of the monitor can be read directly on the visual
indicator provided with that unit, ' o '

It is neccessary to usc the: $hird method in checking the re-
raining 76 broadcast frequencics, This method requires a high-
frequency receiving set, auxiliary generator, 10-kc multivibrator,
detector-amplifier, and audio-frequeoncy rmeasuring equipment, The
accuracy of this method is the same as of the second mothod,

Part 3, gtandard Audio Froguency

. The cmissions each Wocdnesday aftornoon are modulatced by an
aucio froquency, which is usually ‘1000 cycles per sccond, As
these emissions arce somowhat experimental, a different audio
frequency, such 2s 5000 or 10,000 c¢/s, is sometimes uscc, The
presence of the audio modulation frequency does not impair the
use of the carricr frequency zs 2 standard, to the seme high
adccuracy as in the C7 cmissions, The samc carricr frequoncies
and the same time schedule arc used in these emigsions as in
the C¥7 cmigsions, : ”
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Transmission effects in the medium (Doppler effect, fading,
etc,) sometimes result in slight fluctuations in the ‘frequency as
received at a particular place. Under some conditions, momentary
fluctuations as great as 1 cycle per second may occur in the audio
modulation frequency., It is generally possible, however, to use
the audio frequency with an accuracy better than a2 part in a
million by selecting that one of .the three carrier frequencies
which has the least fading,

The. radiated power in these audio-frequency emissions is only
one kilowatt; nevertheless they are usable under favorable condi-
tions of noise and interference throughout the United ,States, Dur
ing the first two and the lact two minutes of the onc-hour cmissio:
on cach carrier frequency, announcecments are given by voice, which

include the station call letters and a statcment.of the carrier
frequency and the audio modulation frequency, SRR

This audio frequency service provides a standard.for scien-
tific or other measurements requiring an accuratc audio frequency
or time rate, 4 o . Lo

The service may be utilized with very simple. equipment,:
Using any receiving set capable of receiving the signals, -the
standard audio frequency is directly delivercd at the output
terminals of the set, This frequency may-be uscd for comparison
with a local frequency and thus accuratcly mcasuring the latte;,
for control of some type of freguoncy standard, or for production
of an accurate stendard of timc rate., By tiac usc of harmonic
amplificrs or multivibrators to stcp up or down either the in-
coming standard frequency, the local frequency, or both, measurec-
nents. may be made very conveniently as well as acgurately. The
following list gives.a number of basic mothods which have been
found practicable, S R T
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Methods of Utilizing Received Audio Frcquoncy

A, Checking a frcgucney. .
T, Comparigon of rcccived and local frequencies, by timing
change of cathode-ray oscillograph pattoern,
&, Dircct comparison -
b, Using harmonic amplifier, to stcp up.
¢, Using multivibrator, to step down,

2. Comparigon, by rcecording both fregquencics with an oscil-
lograph and graphic rccorder,
a, Dircct comparison
b, Using harmonic smplifier, to stcp up.
¢. Using multivibrator, to step down,

]

3, Comparison, by rccording beats on & graphie rccorder, -
a., Dircct comperison.
b, Using harmonic amplificr, to stcp up.
¢, Using multivibrator, to step down.

I, Counting of bcats between harmonics,

B, Control of a sourcc of froguency
1. Tuning fork,
2, Audio~frequency oscillator.
3, Radio-frcquency oscillator, .

C, Production of a time rote standard{

In any of thcse methods, whether it will be more accuratc and
convenient to utilize the frequency dircctly or to usc hermonics
or subharmonics depends upon the megnitude and character of the
frequency to be checked or controlled, the cquipment availeble,
and the circumstonces of the rodio reception, For somc purposcs
a, combinntion of two or more methods is uscful,

The effacts of fluctuations of amplitude and phage of the
raceived audio frequency may be markedly reduccd by the use of
automstic volume control and filters, Filtoers also have the ad~
vantage of minimizing interfering elaectricel noise, An effect@vo
filter for 1000 cycles per second is a tuning fork or a vibratlng
stecl reed; another is a synchronous motor-generator, For higher
froquencics, magnctostriction bars or piczoclectric quartz plates
arc good filters,

When multiplying from 1000 ¢fs it is necessary to use very
selective apparatus %o remove 1000-cycle sidcbands from the outpuv
0f the multiplying device, For this purposc a guarts plate filter
(at 50 kc/s, for cxemple) has been found to be very good.
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In methods A, either high or low standard frequencies may
be produced by using harmonics or subharmonics and amplifying
as desired, gtandards of low aucdio frequency (c.g., 60 cycles
per second) are casily produced. by operating & synchronous motor
on the amplifier output, with.a—c:gornerators of the desired fre-

quency mounted on the same shaft,:

. In frequency ‘¢omparigons, if -the received standard frequency
is sufficiently free from fluctuations of amplitude or phase,

it is generally found advantageous to make the comparison at. some
harmonic such .as 10,000 or 100,000 cycles per second, ' For example,
consider the use of method Al, < The two frequencies are -applied

to the two pairs of plates of a cathode-ray tube and their fre-
quency differéence is determined by timing the sbift of the pattern
on the screcen. through.one:or more complete cycles, A high accurac)
of comparison, better than a part in a million, for cxample, may
be secured by timing for 15 minutes when the comparison is made atb
1000 cycles per sccond, but may be sccured by timing for only 9
secondg when the comparison is made at 100,000 cyclos per second,

The' greater the fluctuations of the received standard fre—-
quency, the lower must be.the harmonic at which the observations.: -
are madd and the longer the time required -for the determination,.
Fortunately, “such longer time of observatlion tends to eliminate’
any error in the result duc to the fluctuation, The better the
accuracy required, the longer must be the time .of observation,

It maygbavﬁésirablc.toﬂmultiply”eithcr-thcjinCOming,stah@ard
frequency;~the local frequency, OT both, = Frequencies can be mul=
tiplied quite simply by meansg of: tuncc harmonic amplifiers.. .
Another means is the usé of frequency doublers utilizing two tubcs:
comnected with their grids in a push-pull’ arrangement end their.
plates in parallel, It is convenient to  have the incoming 1000~ .
Cycle frequency control a multivibrator and step up in frequency
from that, - : e R RN .

The use of the cathode-ray oscillograph has a number of ad-
vantages, It simplifies the differentiating of amplitude varia-
tions and interfering noise from phase changcs, [Also, if a lincar
sweep circuit controlled by the local ‘frequency 1s usecd, onc can
tell reacdily whethér the local frequency is higher or lower than
the standard modulation froguency. If the osciliograph beam is
sWept -from left to right and the-standing wave moves %o the left
the local frequency is low; if the standing wave moves. to the
Tight the local frequency 1s high, ‘ ' -

In method A2, usc is made of any type of higha§poed recording
O9scillograph that may be available, A requirement is.that the

time'displacoment be sufficient to separate the in@ividual cycles
80 that the record cen be readily analy.zed, - In this method the
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two frequencies are recorded simultaneously on the same film,
which permits a direct comparison by means of measurements of the
photographlic or other trace, If the gpeed of the recorder will
not give sufficient time displacement of the 1000 c/s, the re-
ceived signal can be stepped down to a desired value by means of
a multivibrator, o

In method A3, the frequency difference between the standard
and the local frequency is measured by combining the two, ampli-
fying the beat frequency, and rectifying by means of a detector

€,8., copper oxide rectifier or diode detector), . A double diode

triode tube is convenient for both the amplifying and rectifying.
A d-c meter can be uscd as a visual indicator, and a relay can be
used to opcrate a counter, The direct voltage output can also be
recorded on a graphic rccorder. If the rate at which the recorder
papcer moves is controlled by a synchronous motor, or some type of
time marker is used, a very satisfactory measure. of the frequency
differences can be made, This method is limited to quite small
frequency differences. If audio frequencics arc compared dircetly
rathor than by their harmonics, the method requircs the operation
of the cquipment for a considerable time, = - . : o '

When it is desired to check a local frequency which is lower:
than 1000 ¢/s (c.g., 60 c/s), thc procedurc is to multiply  the
locael frequency up to a frequency which cen be compared dircctly -
with the standard modulation frequency or somo harmonic of it, -

In the case of 60 c¢/s it would be multiplied by 5, divided by 3,
and in turn multiplict by 10 (or in two steps, by 5 and then by -
2), which would give an output of 1000 c¢/s., The recccived stan-
dard 1000-cycle frequency would conceivably be divided by the
proper steps end comparcd direcctly against 60 c/s, but this would
result in e lower accuracy of comparison or would roquire a longer
time to make a measurcment, . - '

In method AL, the beats can be counted by the aid of either
aural or visual indication, A combination of the two mcans is
often very convenient, Very great accuracy can be obtained by
using harmonics such as to make frequencics of the order of
100,000 cycles per second, Broadecast radio frequencics can
be checked by having the standard 1000 c/s control a 10-ke - .
rultivibraetor or oscillator anct using hermonics of its output
in the manncr described in Part 2, . s ‘

The accurete control of a source of frequency. (B in above
list) involves the use of an automatic means of keeping a local
gource of fregquency in agreement with the reccived standard audio
frequency or a harmonic or subharmonic, Where the loecal gource
of frequency is & mechanical dovice, such as a tuning fork or
synchronous motor-generator, its inertia is useful in carrying
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along‘tﬁrough~ﬁer§6éé:bffrépi&ffluctuatian of amplitudc or phase
of the received frequency. Any local source can usually be so de-
gigned as to operate through considerable fading or phasc shifts

of tlic’ received freguency,

_If the local pourcé”is ar 1000-cycle tuning-fork it can be
driven directly from the received 1000-cycle frequency. In this
application it is necessary that the adjustment of the fork be
such that its natural frequency is in agreccmont with the driving
Irequency within rather narrow limits., 1In one parﬁicular instal~"~
lation it was found that the fork had to.be in agreément with the
received .frequency within a few parts in 10,000, .These limits:
depend in any particular casc on such factors as the driving vol-
tage and the mass of the fork, ‘ . -

The standard audio freoguency can gimilarly be used to control
a2 multivibrator at the fundamental or & multiple or submultiple
frequency, The multivibrator frequoncy can he multiplied by means
of tunecd harmonic amplifiosrc ‘o ‘higher frequencics as desired.

It is also possible to multiply the standard audio-frequency by
means -of harmonic amplificrs.to radio frequencics and control a
radio~-frequency oscillator.’ . o '

‘A gimple means:of .producing a timc-ratorstandard'(mcthod c)
from the reoceived stancard audio- frequency is: to.usc an a-c
generator of any desire’ frequency mbunted on the same shaft
with a synchronous notor driven by an amplificd alternating vol-
tage from the received fréquency.: Such-a geoneratyr can operate
an clectric clock, Thus. hay be providéd & standard of time rate
£or” short periods, as wWell as of frequency, of an accuracy’not
generally hithexto available to laboratorics from any service,
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and ¥, Underwood, Pbyﬂlcslk 10-13, Jan.ll933.
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Frequency measurements at radio frequencies, Bul., 10, General
Radio Co,, Cambridge, Mass., Jan 1933, : o

A combination monitor and frequency meter for the amateur., General
Radio Exp. 7, pp:5-7.0f Jan, 1933, :

A heterodyne oscillator of wide frequency range, J. G; Kfeer,Jr,
Bell Lﬂboratorles Record 11 137-139, Jan, 1935.. :

A frequency monltorlng unit for broadcast statlons.! R. E; Coram.
Radio "Eng., 13, pp.l8-19 of Feb,, 1933 B

Hounting quartz plates, F. R. Lack, Bull Laboratorles ‘Record 11,
200-20k4, lfarch 1935. , L

On tourmaline oscillators, 4g. Meﬁéﬁﬁurahahd‘s. Ishikawa. AReport
' of Radio Reecarch in Japan 3, No,l1, 1-5, June 1933.

A morc stable crystal 030111ﬂtor of hlgh harmonlc output QST 17,
_~.pp “30- 32 of June, 1933 o . :

*A 200-kilocycle DlOZO o;c1llator E G. Laphmm. 3gJ. Research
1L, 596k, July 1933, (RP576, 5d).

A 31np11f1ed frpQQuan d1v1d1ng c1rcu1t . V. J. Andrew, Proc.
I. n.d. 21 982-983, July 1933.

1todes of vivration of plezo—electrlc crystal eN. H, Williams,
Proc. I.R.E, 21, 990-995, Jhly 19)9.

A precision method of absolute fr quency meesuIOMent H-.Kdno
Report of Redio Rescarch in Jepan 3, o, 2, 127- 136 Scpt. 1935.

requency and drift of quurtz frequency standaxds., A, SChOlbb
Lnd u. Auelsberger Annalen der Physik 18, 1—25, Sopt. 1933

Automamlo temperature comnens tlon Lor the freque ncy metQ
G. F. Lamnkln. QST _1, pp.‘6-19 of Oct., 1933.

The valve maintained tunlng fork as o nrlmary standard oi quQUanY<

D. W. Dye and L. Issen, Proc. Roval Soc. lh§ 285-306,
Jan; 1, I93lL; . ~ j : 5—3 :

velopncpt of stenderd freouenCJ trapsm1tt1ng qets .'L.Aﬂlcch

and A, D;‘Mertln JI ESJ Rescerch 12‘ 1=12,: Jan 193
(RP630, 5¢). :

*Obtainablc from- -Superintendent of. Docuiants, Government Printing
OI?ICG ?ashzngton, D:C.; &% price Stuted Dosignate publica-
tion by the letter and number appearing just before price.
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The technical arrangements of the quartz controlled olocks of
the Physikalisch~Technischen Reichsanstalt, A. Scheibe and
U, Adelsberger.  Hochfrcéqusonztechnik und Elektroakustik bz,
37-47, Feb, 1934, .. - T

The bendsottor. G, F. Lampkin, QST 18, Bp:35-37.0f Feb, 1934,

The tcstihg of freguency monitors for the Federal Radio Corm—
mission. W, D. George, - Proc. I.R.E, 22, LU9-U56, April 1934,

The crystai control of trensmitters, R. Bechmann, ~ Wircless Eng,
& Exp. W, 11, 249-253, May 1934, L :

Description of the quartz control of a transmitter at 1735 kilo-
cycles per second, L. Essen, Jour. LI,E.Z. 74, 595-597,
June 1934,

Primary frequoncy standard, J. G, Beard. Radio Eng. l&,
~ pPp.15-17 of June, 1934, :

Some improvements in quartz crystal circuit elements, F. R. Lack,
G, W, Willard and I. E. Fair, Bell System Tech., Jour, 13,
h53-463, July 1934,

Piezoelectric stabilization of high frequencies, H, Osterberg
and&J. W, Cookson., Rev, Sci. Instruments 5, 281-286, Aug.

1934, .

Notes on the measurement of radio frequencies, W, H, F, Griffiths.
Wireless Eng, & Exp, W. 11, 524532, Oct, 1934, |

The piezoelectric properties of quartg and. tourmaline€, " G. W. Fox
and G. A. Fink, Physics 5, 302-306, Oct, 1934,

Quartz crystal fundamentals, J. I, Wolfskill, Q3T 18, pp.37-%0
of Dec., 1934,

Cutting quartz crystal plates., I, H. Loucks, QST 19, pp. 35-38
Of J(mi ,19350

Grinding and finishing quartz crystal plates, I, H. Loucks.
QST 19, pp.28, 74, 76, 78 of Feb,, 1935.

*The National primery standard of radio frequency., E. L, Hell,
V, E. Hoaton and E. G. Lapham, J.Rosearch UBS 1h, 85-98,

Feb, 1935, (RP75%).
| ;65§5inable‘from7superintcndﬁnt of Documcnts, Government Printing

. Office, Washington, D,C., at price stated, Designate publica-
tion by the letter 'and number appearing just before price,
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radio
*foritoring the stancerd/frequency dmissions, %, G. Laphan,
'd.Research WBS 1, 227-238, march 1935, (RP766). :

International froquency comparisons by moans-of gtandard radio
frequency omissions, L. Zsscen, Proc, Roy. Soc. (A) 149,
. 506-510, April 10, 1935, Lo, ST

Some data concerning the coverage of the five megacycle standard
frequency transmission, #, L. Hall, Proc, I,R.Z, .23, 4hg&-

453, itey, 1935.

A4 frequency-lock multi-vider, - J, 4, DcYoung, QST 19, pp.30-33
Of Soptu 1935’
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