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WASHINGTON Lc 494

(May 12, 1937)
(Replaces Letter Circular 453)

METHODS OF USING STANDARD-FREQUENCY RADIO EMISSIONS

The National Bureau of gtandards broadcasts standard fre—
quencies and other services by radio. The time schedules and
other details of these services are given in the Appendix hereof,
This Letter Circular pamphlet, in six parts, describes methods
‘of utilizing all of these services except the lonogphere bul-
letins, which are treated in another Letter Circular, as stated
in the Appendix.

Part 1 (page 2) gives methods of using the radio frequencies
for the calibration of standard oscillators in simple cases where
the frequencies have such numerical values as to be readily
checked directly in terms of the emissions, The information
ig given gpecifically in terms of meagurements upon the 5000-kc
emiggions, but there should be little difficulty in applying the
methods to the 10,000-kc and 20,000-kc emissions, using higher
harmonics of the auxiliary generator, Further amplification,
and 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 (page 7)) gives detalls for the checking of broad-
cast frequencies, The discussion is divided into three sections,
A, B, and O, progressing in difficulty of measurement, gection A
dealg with only two frequencies, 1000 and 1250 kc/s; very little
apparatus is required for measurenments at these frequencies,
gection B gives the method of measurement, using an auxiliary
generator, for frequencies which are multiples of 50 kc/s.
Section € gives the method of measurement for any broadcast fre-
quency (multiples of 10 kc/s).

/ part 3 (page 12) describes methods of using the standard
audio freguency furnished as a modulation frequency with certain
of the emissions, It gives methods of checking a local frequeney,
controlling, a source of audio or other frequency, and producing

& standard lbf time rate, .

part U4 (page 14) describes the use of the standard time
intervals or seconds pulses, The seconds pulses are of value
in physical measurements, in geodetic, selsmological and similar
work, and in rapid checking of pendulums and chronometer rates, -
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and wherever short time intervals of great accuracy are needed,.
They are not capable of giving solar time, as needed in naviga-:
tion, for example, for which astronomicdl observations or the
Navy's time signals are requilred,

Part 5 (page 17) describes the nightly emissions of the
American standard of musical pitch, 440 cycles per second, pro-
vided for musicians, musical instrument manufacturers and others
interested in gtandard pitch,

Part 6 (page 18) is a bibliography, in which references to
other methods of frequency measurement may be found, and devices
for uge in frequency measurements are described., The references
give other methods, which range from those using very simple ap-
paratus, giving results only moderately accurate, to methods us-
ing complicated apparatus giving results accurate to better than
a part in a million, E : . _ :

part -1, Checking Standard Oscillators.

Method of Measurement,— While the standard frequency
emissions may be used for many standardizatlon purposes, the
most common use is to determine accurately the frequency of
a standard oscillator, The apparatus necessary is (1) the
ogcillator, (2) a continuously variable radio—frequency gener-
ator which is approximately calibrated, (3) a variable audio-
frequency generator,  and (K) a regenerative radio receiving set,
It is degirable that the receiving set have automatic volume
control, A frequency meter of the resonance type is also useful
“but it 1s not esgsential, -

The fundamental frequency of a piezo oscillator is fixed
by the dimensgiong of the quartz plate used, The usual 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 serieg of harmonicg for
each fundamental frequency to which it is adjusted, 1If the fre-
quency of the radio generator is varied over a wide range, beat
noteg are produced at a number of settings of the generator by
the interaction of various harmonics of the fundamental fre-
quency of the piezo oscillator with a harmonic of the fundamental
frequency of the generator., The beat notes may be heard in a pair
of telephones suitably connected to the generator or to the piezo
oscillator. Any frequency present in the piezo oscillator can
beat with a corresponding frequency present in the radio genera-
tor, which makes it possible to set the generator at a number
of frequencies which have a gimple relation to the fundamental
frequency of the piezo oscillator, Providing the harmonic re-
lationghip is known, measurements:can be made at a great number
~of freguencies 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 fregquency of the
auxiliary generator which gives zero beat, then

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

The procedure is simplest when the ratio of the received
radio frequency to the nominal frequency of the piezo oscillator
to be sgtancdardized is a fairly small integer, less than 100, For
ingtance, sgecondary standards whose fundamental frequencies are
50, 100, 200, 500, or 1000 kc/s can be measursed very simply in
terms of the emisgsions and these secondary standards may be ad-
vantageously used in turn to calibrate other apparatus. IV is,
however, possible to use the emiscions to establish accurately
any desired frequency,

Ixamples of Measurement Method.— Suppose 1t is required to
measure the frequency of a plezo ogcillator, the approximate fre-
quency of which is 700 kc/s, in terms of the 5,000~kc standard
frequency emisglons.

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

The 5000-kc standard frequency emission is received first
and identified with the receiving set in the generating condition,
The radio generator ig 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 regeneration 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, This beat note should be reduced to zero frequency
by adjusting the radio generator, For most precise work, this
adjustment should be made by using a veat-frequency indicator
or other meansg of indicating exact zero beat, A simpler and
equally accurate gubstitute ig.to bring in a tuning fork as
described below, However, for a simple discusgion of the steps
involved in the meagurement, 1t will be assumed that an accurate
zero—-beat setting is obtained, ‘

The radio generator 1s therefore precisely adjusted so that it
has a frequency of 100 kc/s, Without changing its adjustment,
couple the plezo oscillator to it loosely., A beat note should be
heard in the telephones in the output of the piezo oscillator un-—

, lesg the frequency given by the piero oscillator is an c¢xact mul-
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tiple of 100 kc/s. Supposc, 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 each
source and rapidly interchanging them at the ear. If sufficient
intensity ig available from the iwo gources then the two audio
frequencieg will combine and beats may be heard by the ear when
the audio generator is clogely adjusted., TFor exact zero beat the
frequency of the adjustable audio generator.gives the difference
in frequency between the 7th karmonic (700 kc/s) of the generator
adjusted to 100 kc/s and the fundamental of the piezo oscillator,

Fig. 1 gives a diagrammatic representation of the frequencies
uged, It is necessary to determine whether the piezo oscillator
frequency is higher or lower than 700 kc/s. This can be done by
varying the frequency of the radio generator, If increasing the
frequency of thig generator results in decreasing the beat note,
then the piezo oscillator frequency is higher than the reference
frequency, that is, the audic frequency is to be added to 700

kc/s. If the reverse is true, then the audio frequency is to
be stbtracted,

. 5000-kc gtandard
Frequency gignal
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Use of Audio-Frequency Note in Measurement,- A change in the
method described apbove which does not require a beat indicator, 1is
to adjust the radio generator to have a known frequency difference
with the incoming wave by means of matching with that of a tuning
fork of known frequency such as 1000 c/s. This method is more com—
plicated in calculation because a record must be made of four fac-—
tors, (1) as to whether the radio generator was adjusted higher or
lower than zero beat, (2) the frequency difference, (3) the har-
monic relation between the standard signal and the radio genera-
tor, and (4) the harmonic relation between the radio generator
and the piezo oscillator., The harmonic relations, however, come
in to any method of measurement of this kind, The meagurcnents
involving the usc of the tuning fork for adjusting the gencrator
to give a beat note 1,000 cycleg below the 5,000-kc signal would
be made ag follows, and are ghown diagrammatically in Fig, 2. get
generator from approximate zero beat at 100 ko/s to 99.93 kc/s.

The 50th harmonic is 99.9% x 50 = 4,999.0 kc/s (beats with 5,000
kc/g in receiver which is not oscillating and gives a 1000-cycle
note). Tne 7th harmonic of the generator (99.98 x 7 = 699.86 kc/s)
may now be heard beating in the telephones of the piezo oscilllator
which is known to be approximstely 700 kc/s. If this value were
exactiy 700, a note of (00,000 — 699,860 kc/s or 140 c/s would be
heard, However, the beat note produced is matched with a corres—
ponding note from the audio generator, If the pliezo oscillator
had the frequency of 700,520 kc/s as assumed previously, the audio—
frequency note messured would have been 700,520 — 639,860 =

0.660 kc/s or 650 c/s.

,b000-ke standard
frequency signal
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HCth harmonic generator, Frequency
T of piezo oscillator
| 'generator | o] ig 699,86+a kc/s.

set ab I 7th nermanic
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99.98 kc/s

Flgo 20
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Whether to add or subtract the audio-freguency note of 660
c/s to the known frequency of 699,360 kc/s would be decided as
follows wihen the radio—freguency generator was set lower than
the standard frequency signal, If lowering the frequency of
the radio generator increases the beat note (660 c¢/s in this
case), add the beat note frequency, or if increasing the fre-
quency of the radio generator decreases the beat note, add the
beat note frequency.

The measurement could also be made by adjusting the genera-—
tor 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 1g produced in the
telephoneg of the pilezo osgcillator, which ig matched with a
similar note from the audio oscillator as before, If lowering
the fregquency of the radio generator reduces the audio frequency
note heard, subtract it from the known fregquency of 700,140 kc/s,
or if increasing the frequency of the radio generator increages
the audio note, subtract it. The audio—~frequency note heard with
a piezo oscillator having the assumed frequency would be 330 c/s,
hence 700,140 4+ 0,380 = 700,520 kc/s.

+ H000-kc standard
fra =y T i Y
frequency signal piezo oscillator
. to be measured,
] B-f ’ | approximately
.1 receiving l i {00 kc /s |
Set i :z a i T T ~
| 700,140 kc/s |
— ...__ww.____é__..__,.__!.._... - —— 3 ‘ /*\.‘\
LA ] O
NF | . N
1000~-cyéTe note in ; a = frequency difference
telephones matched : measured with audio
witih tuning fork, - : generator, Freguency
- HhO0th hmarmonic § Qf piczo oscillator
: | is 700,1l4+a kc/s.

Fig. 3.
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rart 2, necking Rroadcast Frequency Standards.

A. Integral Sub-nmultiples of Emigglon Frequoncy.

The frequencies which are integral sub-multipleg of the
eniggion frequency are most eagily measured. ¥For the emigsion
frequency of 5000 kc/s there are only two broadcast frequencies,
1000 and 1250 kc/s, wiich bear this relation, If a 1000-kc
oscillator, whether a transmitting set or frequency standard,
ig coupled to a radio receiver tuned to 5000 kc/s at a time when
the gtandard signal is being rcceived, a heterodyne note will be
produced wihich isg equal to the frequency differcnce betwesn the
5th harmonic of the 10C0-%c oscillator and the standard signal,
Agsuming that the nominal wvalue of the 1000-kc oscillator 1s
nown, all that remains in order to measure the fregquency ac-—
curately, 1s to determine the fraguency of the beat note and
whethor the frequency 1s higher or lower than the standard sig-
nal, This ig done waen the radio Teceiver is not in the generat-
ing condition, The mngt convenient method, if the beat note 1is
in the audible range, ig to match it with & known audlio frequency
produced by a calibrated audio oscillator, The direction of the
deviation ig most easgily defermined by making a slight change of
known divection in the unkanown frequency, If an increnge in the
unknow: cney increases the freguency of the beat note the
cncy ig high, If an increage in the unknown fre-

gquency srcages the frequency of the bent note, the unknown
frequency is low, Conversely, if a decreoasc in the unknown fre-
quency increages the freguisncy of the Deat note the unknown Ire-

quency is low, and if & decreese in the unlknown irequency de-
creages the freguency of the beat note, the unknown frequency
ig high, If it ig impossible to vary the unknown frequency in
a known direction, tiaon rssort to an auxiliary gonerator must .
be made, If thes beat freqguency to be meagured isg velow the
renge of available measuring equipment, 1t i1s nsceggary to nro-
vide a carricr for thig frequency. This is done by making the
radio recelver generatc and adjusting the regulting meat note
50 that it is approximately 1000 c¢/s. A

fiactuation in ths ampli-
tude of thig 1000-cycle nose, waich has a freguency eguel to tho
freguency differcence between the two radio freousncies, will thon
e heard, I it is only desired to readjust tie unknown fraguency
to agreocment with the standard signal, it is a gimple matter to
adjust to zero beat, The same moetiod cen be used for a fraguoency
of 1250.ko/s. Precauntion rmuct be taken to maks 1t possible to
combine the signals with approximately egual intengity. gome
difficulty in thls respect may de expected 1if measurements are
made when the tranemitter ie cperating unless thoe harmonicg are
very complotely suppresse

[

0

<

Do) d .

A station freaquency monitor wihich utilizes a piezo oscilla-~
tor having a freguency of 1000 or 1250 zc/= can be measured or
adjusted to frequency in a similar menner,  If the radio trans-—
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mitter is operating, the meagurement can be made indirectly in
termg of the transgmitter in the following manner, Measure the
frequency of the radio transmitter in terms of the 5000-kc sig-
nal and simultaneougly read the fregquency as indicated by the
frequency deviation meter on the monitor, The two frequenciles
should agree., If they do not, adjust the frequency monitor until
the deviation meter indicates the correct frequency deviation,

It may be desirable to measure the frequency monitor directly
againet the standard signal at a time when the radio transmitter
is not operating.

If the frequency monitor is of the type which is adjusted to
exactly 1000 or 1250 kc/s, the measurement can bec made the same
as in the case of the radlio transmitter, However, if the monitor
ig set high or low by 500 or 1000 c/s, it will be necessary to
make uge of an audio oscillator to determine the value of the
audio beat frequency. 1In the case of a monitor which has a fre-
quency of 999,500 or 1000,500 ko/s, the beat note to be measured
would be 2500 c/s, As five cycles variation in the beat note is
only 1 part in 10°, any audio oscillator which would be constant
to 5 or 10 ¢/s would be adeguate. In the case of & monitor which
nas a frequency of $99,000 or 1001,000 kc/s a 5000-cycle note
would be produced, Similarly for 1250 kc/s, audio-frequency beat
notes of 2000 and Y000 c/s would have to be measured, The general
relation is that the audlo-freguency note prgdu%g by heterodyning
the monitor frequency and the 5000-kc standafé%is cqual 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 may be followed for the 10,000 and
20,000 kc emissions.,

B. Measurements with Auxiliary Generator for Frequency
Multiples of 50,

Measurements of any of these freguencies require the use of
an suxiliary generator in addition to the high—-frequency re-
ceiver, The auxiliary generator may be a piezo oscillator or
it may he a manually controlled oscillator, If a plezo oscil-
lator of the desired frequency is available, 1t 1s desirable to
use one, In this case a distorting amplifier 1g. necessary -
in order to bring out the harmonics so that the beat against
the standard signal can be easily heard, This pilezo oscillator
should be provided with a vernier frequency adjustment so that
it can be readily adjusted to agreement with the H000-kc stand-
ard in the manner previously described, After this is done the
monitor or radio transmitter can be measured in terms of har-
monics of the auxiliary generator., If a manually controlled
generator is used, the L ratio must be low go that the freguency

C
» can be easily adjusted to zero beat with the standard frequency,
and readily held on that frequency,
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Thers are two main factors which determine the freguency 1o
wvhich 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
is that the harmonic whicn 1g heterodyned with the stand srd fre-
guency must e of sufficilent intensity to produce a Dbeat note
which 1g eagily recognized. Taking Poth factorsg into account
the besgt regult i1g attained if the frequency of the auxiliary
generator is the highest common factor of the standard frequency
and the fregquency to be measured, There is one other congidera-
tion in the case of a manually controlled auxiliary gener ator
eand that is, the lower 1tsh;r quency, the less trouble is exper—
ienced in holding it at ze F§%dgainst the standard frequency,

The following table indicatcs the broadcast fregquencies which
con be measured in terms of the H000-kec standard fregquency
emigsion by means of a high—-fregquency radio recelver and an
auXiliaTy hcncra+or It will be understood that the table
gives all broadcast freguencies which are multiples of 50, but
does not indicate more than one generator frequency for these
frequencies except for 1000 and 1500 kc/s.

Broadcast Frequencieg Heasurable with Auxiliary Generator

“Frequency oi Auxiiiary Generator in kc/s
| 500 200 TO0 50
F |
Broadcasgt 11000 600 700 550 !
11500 00 900 5650 g
Frequencies, | 1000 1100 750
| 1200 1300 %50
ke /s ‘ 1400 1500 950
| 1050
| 1150
! 1250 i
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-
celiver, in the gencrating condltlon, ig tuned until the H5000-kc
gtandard frequency signal is heard, The auxiliary generator,
set on apprOX1mately 50 ko/g, ig then turned on and the freguency
varied until a second audio frequency is heard on the output of
the high-frequency recciver, If the raulo roceiver 1s then ad-
justed so that it does not ;rne ate, the auxiliary generator can
be set tc zero beat with the standard frequency -signal, If the
radio recelver 1s again made Tc generate, the auxiliary generator

u

e

va,

ql
>

t
can be easlly set to agreement witn the standard frcecquency signal
as previously explaincd, The rough adjustment to zero beat must



Lok9d — 5/12/37. 10,

be made when the radio receiver is in the non-generating condition,
Otherwise Bhcre is danger of setting to zero baat between the two
audio frequencies or harmonics of the audio frequencies, If a
piezo oscillator is used, this precaution is unnecessary. A de-
tector—amplifier is set up s0 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 1is reduced to zero as indicated on a visual beat in-—
dicator the fTranguitier frequency will be in exact agreement with
the standard frequeney signal, Onc person can make this adjust—
ment, as an aural indication may be used for the auxiliary genera-—
tor and a vigual one for the transmitter adjustment,

5000-ke standard

¥ frequency signal
______ Ty 41150 kc/s from
> receiving | transmitter
set % i or monitor
b t , e
o ! | |
: N ! Beat |
N : /| Indicator |
e ; S 5 ‘
i | Detector- F/Z
(lOOth harmonic T emplifier .9~<
i AN
% [Auxiliery | ! . N T
~generator [ TP3IT Harmonic ‘“j ?udlo
set at | requency f
50 ke/s | measuring {
§ device i

Fig. U4,
If a piezo oscilletor is used as the auxiliary generator,
1t need only be checked against the standard frequency signal
at intervals.

C. Measurement of Any Broadcast Frequency

The methods of measurement given in the preceding peragraphs
are applicable to twenty of the frequencies in the broadcast band.
The highest common factor of 5000 and the remaining broadcast fre-
quencies is 10. The frequency of the auxiliary generator must
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therefore be 10 kec/s if tbe other broadcast freguenciles are to be
checked readlily in terme of the 5000-kc emissions. 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, therefore, is to set the auxiliary generator
on 100 ko/s and ;et it control a 10-kc multivibrator. The beat
against the standard frequency signal could then be heard eacllv
and the harmonics of the 10 kc/s would heterodyne equally well
with frequencies in the broadcast band. It is evident that with
this equipment all assigned frequencies in the broadcast band can

be checked against the 5000-kc standard frequencv signal, Figure 5.

1 1370 ke/s from
Y transmitter or
monitor:
¥y 500C-kc standard
frequency signal
]
. Beat Lw
i | Indicator ! “\

‘§“jreoe ving | N
| set f P
L e /

F N Audio ./
(ﬁ\(i) \\\ frequency |
\ﬁiw/ -~ neasuring

\\\ device
N .

50th harmonic ‘ \\\

__lAuxiliary | { i X ‘ i
generator LlOO ke/p  10-kec | “_...i Detector- L"
set at 5““9”—“”1 multi- % T~7tn T amplifier |
100 kc/s l i vibrator | harmonic | %

i 5 j ! a
Fig. 5.

There are some cases in which a frequency can be measured by
more than one of the methods indicated. The question arises gs
to the advantages and disadvantages of the various possibilities
or s to how exlsting eaquipment might be brought into use. The
Tiret method 1is qppll atle to cnly two Irequencice. It provides
the most accurate check for fredquenciles which are very near the
harmonic value. For monitors, “owever which are set high or
low by 500 or 1000 c/s, the audio Lreqaenc* which must be mea-
sured is so high that it is very difficult to determine its
value. This method ig further handicapped by the fact that
if the measurements are made in the Lranrmlttlue station when
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the power amplifier ls operating, the harmonic which 1s pilcked
up on the receiver mav be so strong that it will Dlock the re-
ceiver. If that ig 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 requlres an auxiliary generator and de-
tector-amplifier in addition to the equipment used in the first
method. A small error may be introduced in this method in the
adjustment of the auxiliary generator. If a piezo osclllator 1isg
used this error is negligible. The error is much greater 1f a
manually-controlled oscillator is used. In elther case, however,
1t should not be more than a few parts in a million. This method
is applicable %o 20 of the broadcast frequencies, &and 1s much
nore satisfactory for checking monitors which are set off-frequency
because the audio frequency to be measured equals the amount the
monitor is set high or low, If a harmonic amplifiler is coupled
to the auxilisry generator so that sufficient voltage 1s provided,
the measurement of the monitor can be read directly on the visual
indicator provided with that unit.

It is necessary to use the third method in checking the re-
maining 76 broadcast frequencles. This method requires a high-
frequency receiving set, auxiliary generator, 10-kc multivibrator,
detector-amplifier, and audio-frequency measuring equipment. The
accuracy of this method is the same as of the second method.

Part %. Standard Audio Frequenciles.

The emlssions each Wednesday are modulated by an audio fre-
quency, 1000 cycles per second. The presence of the audio modu-
lation frequency does not impair the use of the carrler frequency
as a standard, to the same high accuracy as in the CW emisslons.
See the Appendix for further information about these emissions.
The standard musical pitceh, 4o cycles per second broadcast as
deseribed in Part 5 and also in the Appendix, may also be used
as & standard frequency by the methods descrilked in this section;
however the description here given 1sg in terms of the 1000 cycles
per second.

The service may be utilized with very simple equipment.
Using any receiving set capsble of receiving the signale, the
standard audio frecuency 1is delivered at the output terminals
of the set. This frequency may be used for comparison with a
local fregquency and thus accurately measuring the latter, for
control of some type of freguency standard, or for production
of an accurabte standard of time rate, By the use of harmonlc
amplifiers or multivibrators to step up or down either the in-
coming standard frequency, the local frequency, or btoth, measure-
ments may be made very conveniently as well as accurately. The
following list gives a number of beeic methods which have been
« found practicahle. '
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Methods of Utilizing Recelved Audilo Freg uency

A. Checking & Trequency.
1. Comparison of recelved and local frequencies, by Timing
change oI cathode-ray osclllograph pattern,
a. Direct comparieon.
b. Using harmonic amnlifier, to step up.
c., Using multivibreator, to step down.

N

. Comoarison, by recording both frequencies with an oscil-
lograph and graphlc recorder.
&+ Direct comparison
b. Uslng harmonic amplifier, to step up.
c. Using multivibrator, to ctep down.

%, Comparison, by recording beats on a graphic recorder,
. Direct comparicson. '
b, Using harmonic amplifier, to step up.
c. Using multivibrator, to step down.

4, Counting of beats Tbetween harmonics,

fos}

Control of a source of freaquency
1, Tuning fork.

2. Audio-frequency oscillator.
3. Redio-frequency oscillator

C. Production of a time rate standard.

In any of these methods, whether 1t will be mors accurate and
convenient to utilize the frecuency directly or to use harmonics
or gubharmonics depends upon the magnitude and character of the
frequency to te checked or controlled, the aquipment avellable,
and the circumnsctances of the radlio reception. For scme purposges
a combination of two or more methods 1g uselful.

The effects of fluctuations of amplitude and vhase of the
recelved audio frequency may be markedly reduced by the use of
automatic volume control and filtere. Filtere also have the ad-
vantage of minimizing interfering electrical ncise. An effective
filter for 1000 cycles per second is a tuning fork or a vibrating
steel reed; another is & synchronous motor-generator. For higher
frequenciles, magnetostriction bare or piezoelectric gquartz “’utea
are good filterg,

selective apparatus to remove lOD)-cycle cidebands from the out-
put of the multiplying device. Ior this purvose & quartz onlate
filter (at 50 kc/s, for example) has Lesn found to be very good.

When multiplying fTrom 1000 ¢/s 1t is necessary to use very
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In methods A, either high or low standard frequencles may
be produced by using harmonics or subharmonics and amplifying
as desired. 8Standards of low audio frequency (e.g., 50 cycles
per second) are easlly produced by operating a synchronous motor
on the amplifier output, with a-c generators of the desired fre-
quency mounted on the same shaft. Such a motor-generator outfit

may be of simple and falirly cheap type, somewhat like an electric
clock.

In frequency comparisons, 1f the received standard fredquency
is sufficiently free from fluctuations of amplitude or phase, it
is generslly found advantageous to make the comparison at gome
harmonic such as 10,000 or 100,000 cycles per second. For example,
consider the use of method Al. The two frequenciles are applied
to the .two pairs of plates of a cathode-ray tube and their fre-
quency difference is determined by timing the shift of the pattern
en the screen through one or more complete cycles. A high accuracy
»T comparison, better than a part in a million, for example, may
be secured by timing for 15 minutes when the comparison is made
at 1000 cycles per second, but may be secured by timing for only
9 geconds when the comparison is made 2%t 100,000 cycles per second.

the

, The greater/fluctuations of the recelived standsrd frequency,
the lower must be the harmonic at which the observations are made
and the longer the time required for the determination. Fortunate-
ly, such longer time of observation tends to eliminate any error in
the result due to the fluctuation. The better the accuracy re-
quired, the longer must be the time of observation.

It may be desirable to multiply either the incoming standard
frequency, the local frequency, or both. Frequencies can be mul-
tiplied quite simply by means of tuned harmonic amplifiers.
Another means is the use of freguency doublers utilizing two tubes
connected with their grids in a push-pull arrangement and their
plates in parallel. It is convenient to have fThe incoming 1000-
cycle frequency control a multivibrator and step up in frequency
from that.

The use of the cathode-ray oscillograph has a number of ad-
vantages. It simplifies the differentiating of amplitude varia-
tiong and interfering noise from phase changes. Also, 1f a linear
sweep circuit controlled by the local frequency is used, one can
tell resdily whether the local frequency is highser or lower than
the gtandard modulation frequency. If the oscillograph bean is
swept from left to right and the standing wave moves to the left
the local frequency is low; if the standing wave moves to the
right the local frequency is high.

In method A2, use ig¢ made of any type of high-speed recording
oscillograph that may be availeble., A requirement is that the
time displacenent be sufficient to separate the individual cycles
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ao that the record can be readily analyzed. In this method the
two frequencies are recorded simultaneousgly on the same film,
which permits a direct comparison by means of measurements of
the photographic or other trace. If the speed of the recorder
w11l not give sufficient time displacement of the 1000 c¢/s, the
recelved signal can te stepped down to a desired value by means
of a multivibrator. ‘

In method A3, the frequency difference between the standeard
and the local frequency 1is measured by combining the two, ampli-
fying the beat frequency, and rectifying by means of a detector
(e.g., copper oxide rectifier or diode detector). A double dlode
triode tube 1is convenient for both the amplifying and rectifying.
A d-c meter can be used as a visusl indicator, and a relay can be
used to operate a counter. The direct voltage output can also be
recorded on a graphic recorder, If the rate at which the recorder
paper 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 i1s linited to dquite small
frequency differences, If audio frequencies are compared directly
rather than by their harmonics, the method redquires the operation
of the equipnent for a cconsiderable tine.

When it 1s desired to check a local freguency which 1s lower
than 1000 c¢/s (e.g., 60 c/s), the procedure is to multiply the
local freguency up to a frequency which can be compared directly
with the stendard modulation frequency or some harmonic of 1it.

In the case of 60 c¢/s it would be multiplied by 5, divided by 3,
and in turn nmultiplied by 10 in one or two gteps, which would give
an output of 1000 c¢/s, he recelved standard 1000-cycle frecuency
would conceivably be divided by the prover steps and compared
directly against £0 c¢/s, but this would result in & lower ac-
curacy of comparison or would require a longer time to meke a
meagurement.

In method A4, the beats can be counted by the aid of either
sural or visual indication., A comwbination of the two means is
often very convenient. Very great accuracy can be obtained by
uging harmonices such as to malke freauencies of the order of
100,020 cycles per second. Broadcast radio frequencles can
be checked by having the standard 1C0C c¢/s control a 10-kc
nmultivibrator or cscillator and using harmonics of its output
in the manner degscribed in Part 2.

The accurate control of & source of freguency (B in above
list) involves the use of an sutomatic means of keeping a local
source of frequency in agreement with the received standard audio
frequency or a harmonic or subharmonic. Where the local source
of frequency 1g & mechanical device, sucli as & tuning fork or
synchronous motor-generator, its inertia is useful in carrying
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along through periods of rapid fluctuetion of amplitude or phase
of the recelved freouency. Any local source can usually be so de-
signed as to operate through considerable fading or phase shifts
of the recelved frequency.

If the local source is a 1000-cycle tuning-fork it can be
driven directly from the received 10C0-cycle frequerncy. In this
application 1t is necessary thet tr e adjustment of the fork be
such that its natural frequency is in agreement with the driving
frequency within rather narrow limits, In one perticular instal-
lation it wasg found that the fork had to be in agreement with the
received frequency within a few parts in 10,000, These limits
depend in any particular case on gsuch factors as the driving vol-
tage and the mass of the forlk.

The standerd audio fregquency can similarly be used to control
a multivibrator at the fundamental or a multiple or submultiple
frequency. The multivibrator frequency can be multiplied by means
of tuned harmonic amplifiers to higher frequencieg as desired.
It is also poscgible to multiply the standard audlo frequency by
means of harmonic amplifiers to radio freauencies and control a
radio-frequency oscillator.

A simple means of producing a time rate standard (method C)
from the received standard audio frequency 1s to use a simple a-c
generator of any desired fregquency nounted on the same shalft with
a synchronous motor driven by an amplified elternating voltage
from the received frequency. Such a generator can operate an
electric clock., Thus may be provided a standard of time rate
for short periods, as well as of freguency, of an accuracy not
generally availeble hitherto to laboratories from any service.

Part 4. Standard Time Intervels

The standard intervals of one second provided on Tuesdeays
and Fridaye of each week are accurate, as stated in the Appendix,
to better than 0.000 01 second, as sent out from the transmitter.
Taken over a longer period of twme this figure may be divided by
the number of. seconds duration of the time interval considered,
up to a limit of one part in five million. That 1s, under ideal
receiving and measuring conditions one could measure a time inter-
val of K0 geconds or longer to better than a part in five million.
However, measurements to 0,000 01 geccnd are difficult and &
longer time interval than fifty seconds would ordinarily be re-
quired to obtain a certainty of one in five million. The 1limi-
tetion on sccuracy from the vageries of radlo wave transmission
ere as stated in the section on "Standard audio frequency" in the
Appendix. The most accurate time intervals are provided, at any
place or time, by that one of the three carrier frequencles which
has the least fading
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Meacurements of a time interval must be started and com-
pleted during either the 5000, 10 000 or 20 000-kc emiszion.
Thus a time interval longer than 1 1/2 hours cen not be measured
by these gignels, This is partly Ttecause the transmitter equip-
ment may be“readjueted when chenging Trom one carrier Ifrequency
to the next, which would destroy the regular sequence of the
second pulses.

For high acouracy the radio recelver should be supplied with
well regulated power and be accurately tuned. A carrier intensity
meter or tuning indicator, (such as the 6E5 tube), would be desgir-
able for detecting fading. Automatic volume control would be
helpful. A piezoelectric filter or an audio-freguency filter
having a narrow band width should not be used. Auvdio-Treguency
circuits having a very long time constant will give the impression
of a week signal or a low percentege of moduletion. An oscillo-
graph would be required to moke short time measurements to 0.001
gecond or less. An oscillogreph with a sultebls viewing screen
would be helpful in determining whether subsequent pulses have
the same wave form and whether high accuracy is nogsible.

With appropriste chronographs or oscillographic recording
equipment the seconds pulses can be usged to measure short or
medium length time intervals., With the foregoing eguipment or
by visual or asural means the seconds pulses can be uced to
calibrate mogt time measuring devices. ’

The seconds pulseg ars emitted without regard to the abeoluts
time when they begin or end. They cannot be used to determine
gsolar time as can be done with the time signale transmitted from
astronomical observatories such as the U. 3. Naval Observatory.

Part =, Standard of Musical Pitch.

Bach day (except Saturday and Sunday) from 4:00 P.M. to

2:00 A.M. Easgtern Standard Time, the American standard of musical
pitch, LU0 cycles per second, is broadcast on a frequency of 5000
kilocycles ner second. This piteh is for A ghove middle C. While
this service is intended primarily for musicians, it may also bs
useful to laboratories as .a fregquency standard in weys similar to
those described in Part 2 for the 1000~cycle emissions.

wrry

The station call letters WWV are given every ten minutes,
starting on the hour. The radiated power is one kilowatt with
100% modulation.

Musiclians, musical instrument manufacturers, and others who
may e interested in thece emissions may listen to the standard
"A" tone with a "short wsve' or "all wave" radio receiving set.
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The radio carrier frequency used ig much higher than the
well-known frequencles on which the usual broadcest entertainment
programs are given., The broadcast receiving sets sold previous
to about 1933 will not receive this high frequency but most of .
the receiving sets now being sold will do so, as will alco "short-
weve or "all-wave' receiving sets.

The "all-wave! receivers have a number of scales ucsually
marked in "megacyvcles" for the higher frequency sceles. The
scale should be set for 5 megacycles 1in order to receive the
standard "A" broadcasts. This frequency 1s the same as 5000
kilocycles per second. .

In order to receilve these broadcasts, considerable care must
be used in the tuning of the radio receiver because a glight ad-
Justment of the receiver at high freguencies changes the tuning
by a much larger amount than at lower frequencies. The standard
"A" tone from the transmitter will not be as loud a2s the program
usually received from staticns in the broadcast band. In fact
at certain times during the day or night great difficulty may be
experienced in satisfactorily receiving the broadcast, becausge
of "static", electrical noise from electrical machines, and other
types of interference present at the receiving location.

To facilitate the reception of the standard "A" tone, the
following suggestions are given. Turn on the radio receiver and,
after allowing a few minutes for it to warm up, adjust the dial
to the setting for 5 megacycles. The volume control should be
turned well up. The calibration marked on the dial of the re-
ceiver may be in error by one or two divisions. To locate the
station, slowly adjust the dial of the receiver from two or
three divisions below the desired frequency marking on the dial
to the same amount above. If the note of ﬁuo cycles per second
is heard, adjust the digl very carefully to give the loudest
signal and adjust the volume control to give the desired volume
or loudnese. If no signal is heard, raise the volume control
setting and vary the dial as before. :

Every ten minutes the HlO-cycle tone will be interrupted in
a series of long and short intervals providing the call letters
WV, the 1dentification of the station in International Morse
telegraph code., Persons not familiar with the code can identify
the station by the musical note and its interruption every ten
minutes. '

»

Part 6. Bibliography.

Further information on frequency measurements is given in the
articles which are listed below in chronological order. Except
where noted, they are not issued by, and are not available from,

H
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the National Buresu of Standards. These publications can be con-
sulted in public libraries which maintain files of periodicals or
copies may be secured from the publishers at the following ad-
dresses:

Annalen der Physik, J. Ambrosius Barth, Leipzig, Germany.

Bell Laboratories Record. 4€3 West Street, New York, N.Y.

Bell System Technical Journal. 195 Broadway, New York, N.Y.
Experimental Wireless & The Wirelese Engineer. See The Wireless
Engineer and Experimental Wireless. ,
General Radio Experimenter. 30 Stete Street, Cambridge A, Mass,

Hochfrequenztechnik und Elektroakugtik, Akademische Verlags-
gesellschaft MBH, Leipzig, Germany.

Journal of the Cptical Society of America (formerly Journal
Optical Society of America and Review of Scientific Instru-
mente). American Institute of Physics, 175 Hth Ave., New
York, N.Y.

Marconi Review, Marconli's Wireless Telegraph Co., Ltd., Electra
House, Victoria Embankment, London, W.C.2, England,

Physics. American Institute of Physics, 175 5th Ave., New York,
N.Y. : :

Physical Review, American Institute of Physics, 175 5th Ave.,
New York, N.Y. ’

Physikalische Zeitschrift, S. Hirzel, Leipzig, Germany.
Proceedings of the American Academy of Arts & Sclences. Library
of the American Academy of Arts & Sciences, 2% Newbury St.,

Boston, Mass.

Profeedings of the Institute of Radio Engineers. 3320 West Lea
St., New York, N.Y.

Proceedings of the Royal Society. Harrison & Sons, Ltd., Li-L7
St. Mertin's Lane, London, W.C.2, England.

Proceedings of the Wireless Section of the Institution of Elec-
trical Engineers. Savoy Plece, Victoria Embankment, London,
W.C.2, England.

QS8T. American Radio Relay League, W.Hartford, Conn.

Radio Engineering. Bryant Publishing Co., 19 E. 47th St.,

New York, N.Y. ’ :
eport of Radio Research in Japan. National Research Council
of Japan, Tokyo, Japan,

RCA Review, RCA Incstitutes Technical Precs, 75 Varick Street,
New York, H.Y.

The Electric Journsl. 530 Fernando St., Pittsburah, Pe.

The Journal of the Institution of Electricel Engineers, Savoy
Place, Victoria Embankment, London W.C.2, England, '

The Proceedings of the Physicel Society. 1 Lowther Gerdens,
Exhibition Road, London, 3%/, England.

The FReview of Scientific Instruments. American Institute of
Physics, 175 5th Ave., New York, N.Y.

The Wireless Engineer and Experimental Wireless. Iiiffe & Sonsg,
Ltd., Dorset Bouse, Stamford St., London, SEl, England.
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Such papers as are lssued by the National Bureau of Standards
can be purchased Irom the Superintendent of Documents, Government
Printing Office, Washington, D.C., at the prices stated., The
prices quoted are for delivery in the United States and its
possessions, and Canada, Cuba, Mexico, Newfoundland, and the
Republic of Panema. For delivery to countries other than. those,
remittance should be increased by one-~-third to cover postagce.
Remittances should be made to the "Superintendent of Documents,
Government Printing Office, Washington, D.C."

Serial letters and numbers are used to desgignate Bureau pub-
lications. S, "Scientific Paper', is used for reorints from the
"Scientific Papers of the Bureau of Standerds!" (Sci.Pap.BS),

This series was superseded.by the "Bureau of Standards Journal
of Research" in 1928. BRP, "Research Paper!'", designates reprints
of articles appearing in the "Bureau of Standards Journal of Re-
search!" (BSJ. Research) and the "Journal of Research of the Na-
tional Bureau of Standards" (J.Ressarch NBS), the letter being
the title of this periodical since July, l93ﬁ (volume 13,

number 1).

In each reference below, unless otherwige indicated, the
first number (underscored) is the volume of the periodical; the
numbers following indicate pages and the year of publicstion.
Names of periodicals abbreviated can be found in.full in the
1list of =addresses above.

The piezoeleotrio resonator. W. G. Cady. Proc.I.R.E. 10, g3-11k,
April 1922, :

Pilezoelectric crystel resonatore end crystal oscillators spplied
to the precision calibretion of wavemeters, G&G. W. Pierce.
Proc. Am. Acad. Arts and Sci. 59, &1-106, Oct. 1923.

A method of measuring very short radio wave lengths and their
use in frequency standardization. F. W. Dunmnore and F. H.
Engel. Proc.I.R.E. 11, 467-478, Oct. 1923.

Piezoelectric standarde of high frequency. W. G. Cady. J.
Optical Soc. Am. 10, 475, April 1925. :

A method of celibrating a low frequency gerniergtor with a one
frequency source. 8. Harris. Proc.I.R.E. 1}, 21%-216, April
1926, .

*Establishment of radio standards of frequency by the use of a
harmonic amplifier., C. B. Jolliffe and Grace Hazen. B.S.Sci.
Pep. 21, 179-189, 1926. (S530, 10¢). ..

*Obtainable from Superintendent of Documents, 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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Uses and possibilities of piezoelectric oscillators. A. Hund.
Proc.I.R.E. 14, LL7-UE9, August 1926,

Piezoelectric quartz resonator and equivalent electric circult.
D. W. Dye. Proc. Physical Soc. j§, 399-457, discussion,
Us7-Urg, August 1926,

Quartz crystal calibrators. A. Crossley. Q8T 11,
March 1927.

Frequency checking station at Mare Island. G. T. Royden. Proc.
I.R.E. 15, 313-318, April 1927.

The exact and precise measurement of wave 1engt 1* radio trens-
mitting stations. R. Bralllard end E. Divoir Exp. Wireless
& W. Eng. L4, 322-330, June 192

Universsl Ffreauency standardization from a single frequency stand-
erd., J. K. Clepp. J ODTlO 1 Soc. Am. and Rev. Sci. Instru-
ments 15, 25-47, July 1927.

Radio-frequency standards. R. C. Hitchcock. Electric J. 2U,
Uz0-U3&, Sevtember 1927.

Mounting quartz plate oscillator crystsls. K. C. Hitchcock.
Proc.I.R.E. 15, 902-913, November 1927.

Precision determination of frequency. J. W. Horton and W. A.
Marrison. Proc.I.R.E. 15, 137-154, February 1928.

Bibliogrephy on Diezoelectricity. W. G¢. Cedy. Proc.I.R.E.
16, 521-535, April 192¢

A convenlent method for referring secondary frequency stendards
to a standard time interval. L. M. Hull and J. K. Clapp.
Proc.I.R.E. 17, 252-271, Februery 1929.

A system for frequency measurements based on a single frequency.
E. L. Hall. Proc.I.R.E. 17, 272-28%2, February 1929.

lessurement of the frequencies of distant radio trans mittlﬁh sta-
tions. . Pession and T. Gorio. Proc.I.R.E. 17, 73L-7uL
April 1929.

A high precision standard of frequency. W. A, Marrison. Proc.
I.R.E. 17, 1103-1122, July 1929; Bell System Tech. Jour. &,
Loz-m1l, July 1Q2,.

The routine measurement of the opereting freguencies of broadcast
stations., H. L. Bogerdus end C. T. Manning., Proc.Il.R.E. 17,
1225-1239, July 1929. .
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Measurement of wave lengths of broadcasting stations. R. Brail-
lard end E. Divoire. Exp. Wireless and W. Eng. 6, U1o-Lp1,
August 1929.

Observations on modes of vibrations and temperature coefficients
of quartz crystal plates. F. R. Lack, Proc.I.R.E. 17, 112%~
1141, July 1929; Bell System Tech. Jour. &, 515-535, July
'1929.

An electromagnetic monochord for the measurement of audio fre-
quencies. J. W. Owen-Harries. Proc.I.R.E. 17, 1316-1321,
August 1929, '

Meagurement of frequency. 5. Jimbo. Proc.I.R.E. 17, 2011-203%3,
November 1929,

The dimensions of low freauency quartz oscillators. R. C. Hitch-
cock. Rev, Sci.Instruments 1, 13, Jenuvary 1930.

Frequency standerdization. J. K. Clapp and J. D. Crawford.

QST lﬁ, pp.9-15 of Merch 1930.

*Method and apperstus used in testing plezo oscilletors for
broadcasting stations. E. L. Hall., BSJ. Research 4, 115-130,
Jenuary 1930, (RP13%5, 10¢). Proc.I.R.E. 18, 490-509, Merch
1530, ’

Design of a portable tempereture-controlled plezo oscillator.
V.E.Heaton and W. H. Brettain. BSJ. Research Y4, 345-350,
Merch 1930, (RP153)., Proc.I.R.E. 18, 1239-1246, July 1930,

A constant frequéncy oscilletor. C. W. Iiller and H. L. Andrews,
Rev. Sci. Instruments 1, 267-276, May 1930,

The establishment of the Japanece radio-frequency standard.
Y. Namba., Proc.I.R.E. 18, 1017-1027, June 1930,

i precise and repid method of measuring frequenciesg from five
to two hundred cycles per second. N. P. Case. BSJ. Research
5, 23%7-242, August 1930, (RP195). Proc.I.R.E. 1%, 1586~
1592, Sept. 1930. . ;

Interpolation methods for usge with harmonic frequency standerds,
J. XK. Clapp. Proc.I.R.E. 18, 1575-1585, 3ept. 1930,

Accurate method of measuring trancsmitted wave frequencies at
5000 and 20 000 kilocycles per second. E. L. Hall. BSJ.
Research 5, 6U7-652, Sept. 1930, (RP220). Proc.I.R.E.

19, 35-W1, Jen. 1931,

*Obteinable from Superintendent of Documents, Government Printing
Office, Washington, D.C., at pricesg stated. Designate publice-~
tion by the letter and number appearing Jjust before price,.

OP Out of print. May be consulted in reference libreries.
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Cheracteristics of piezocelectric quartz oscillators. I. Koga.
Proc.I.R.E. 17, 1935-1959, Nov. 1930.

equency division. J. Groszkowski, Proc.I.R.E. 1%, 19A0-1970,
ow, 1930.
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Teﬁberaturp control for frequency standards. J. K. Clapp. Proc.
I.R.E. lg, 2003%-2010, Dec. 1930,

Some methods of measuring the frequency of short waves. H. M8gel,
& : il i
Proc.I.R.E. 19, 193-213, Feb. 1931,

Monitoring the operaticn of ghort wave trensmitters., H. Mbgel
Proc.I.R.E. 19, 214-232, Feb. 19731,

Measurements of temperature coefficient end pressure coefficient
dquartz occillators. 8. Brown eand 8. Harris, Rev., Sci.
Instruments 2, 180-1%83, March 1931.

Direct-reading freguency meter., F. Guarnaschelll and F. Vecchi-
acchi. Proc.I.R.E., 19, 659-663%, April 1931,

A device for the precise mo?ourement of high freqguencies. F, A,
Polkinghorn and A. A, Roetken. Proc.I.R.E. 19, 937-9Lg,
June 1931.

Measuring freguency characteristics With the photo-audio genera—
tor. W. Schaffer and G. Lubszyneki., Proc.,I.R.E. 19, 12uLp.
1251, July 1931,

A Thermionic type frequencv meter for use up to 15 kilocycles.
F. T. McNamara. Proc.I.R.E. 19, 13¢L-1300, Aucust 1931,

*Quertz plate mountihg and T
lators. V. E. Heabton zand
6&3-690, Oct. 1991 (RP366
reb. 1932, Discussion, Pr

emperature control for pniezo oscil-
E. G. Laphem. BSJ. Ressarch 7,

). Proc.I.R.E. 20, 261-271,
F.E. 20, 1064, Feb. 1932,

*An lmproved audio-frequency generator. E. G.
Research 7, £91-695, Oct. 1931 (RP367, 104).
20, 272-279, rfeb. 193%2.

The adjustment of the multivibrator for frequency division.
J. V. Andrew. Proc.I.R.E. 19, 1911-1917, Hov. 19731,

A piezoelectric ogcillator of improved stability. J. K. Clapp.
General Radio Exp. &, op.l-1& of Dec. 1931,

*¥Obtainable from SdULTlﬂL' went of Documents, Government Printing
Office, Washingto D.C., at price gtated. Designate publica-
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Quartz resonators and oscillators. P. Vigoureux. 1931, (
taineble from British Library of Information, French Eldgs.,
-r - - . 2 - 4 -,
East U5th St., New York, N.Y., 7 shillinge, © pence).

A frequency indicator for traensmitters. General Radlo Exp. é
pp.5-7 of Jan. 1932,

Notes on the frequency stability of quartz plstes. L. B. Hallman,
Jr. Radio Eng. 12, pp.l5-19 of Feb. 1932,

Quartz crystal rescnators. W. A. Marrison. Bell Laboratories
Record 10, 194-199, Feb. 1932.

Silvering electrodes on quartz crystals. G. B. Parsons. QST 16,
p.20 of March, 1932,

Recent developments in prec
12, p

tsion freguency control., D. E. Rep-
logle. Redio Eng. Y
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An audio oscillgtor of the dynatron type. D. Hele. Rev. 8ci.
Instruments, 3, 230-23%4, May 1932.

Application of quartz plates to radio ftransmitters. O, .
Hovgaard. Proc.I.R.E. 20, 767-7&2, HMay 1932.

The vibrations of quartz platés. R. . Colwell. Proc.I.R.E.
20, 808-8l2, May 1932.

Experimental study of parsllel-cut piezoeleotrio‘quartz plates,
G. W. Fox end W. G. Hutton. Physics 2, Wh3-4L7, June 1932.

The precision frequency measuring system of R.C.A.Communications
Inc. H. 0. Peterson end A. M. Braaten. Proc.I.R.E. 20,
9l1-956, June 193%2.

The design of temperature-control apparatus for piezo oscilllators.
V. J. Andrew. Rev. Sci. Instruments %, 341-351, July 1932.

A low-frequency oscillator. J. M. Hudack. Bell Laboratories
Record 10, 378-330, July 1932.

The quartz oscillator. T. D. Perkin. Merconi Rev., 37, pp.l-10 of
July-Auvg., 1932,

A new best-frequency oscillator., S. . Begno. Radlio Eng. 12,
pp.14-15 of Sept., 1932, ' ~

The wavemeter yields. C. E. Worthen. Generzl Radlio Exp. 7,
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A preciqion tuning fork frequency standard. E. Horrman. Proc.
LR.E. 20, 1715-173%1, Nov, 1932,

A piezoelectric clock for time and frequency mezsurements of great
sccuracy. A. Scheibe and U. Adelsberger. Physikeliseche
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On the piezoelectric properties of tourmaline, &G. W. Fox and
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Radio Exp. 7, pp.b-7 of Jan., 193%,

A heterodyne oscillator of wide frequency range, J.
Bell Laboratories Record 11, 137-139, Jan. 1933.
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. Kreer, Jr.

A frequency monitoring unit for broadcast stations. R. E. Coram.
Radio Eng. 13, rp.18-19 of Feb., 1933 ~

Mounting quartz plates. F. R. Lack. Bell Laboratories Kecord 11,
P00-204, Merch 1933, ‘

On tourmaline egcillators. S. Matsumura and S. Ichikawa. Report
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A more stablerrystal oscillator of high harmonic output. 93T 17,
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*¥A 200-kilocycle piezo osgcillator. E. G. Laphem ESJ. Resgsearch
.]_-ia 59"‘6)‘% July 1953, (RP576> Rg’f).

A gimplified frequency dividing circuit. V. J. Andrew. Proc.
I.R.E., 21, 982-983, July 1933,

Vodes of vibration of niezo-eleectric crystals., N. H., Willianms.
i - Iy,
Proc.I.R.E. 21, $90-995, July 1937.

A precision method of absclute fregquency measurement. ., Kono.
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Report of Redio Research in Japan 3, No. 2, 127-136, Sent.1933,

of duartz frequency ctandards. A. Scheibe

£
Iv
and U. Aﬂe] reger. Annalen der ans*“ 13, 1-25, Sept. 1933,

Automatic temperature onwpewhct'om for the frequency meter.
G. F. Lampkin, Q87T 17, »p.16-19 of Oct., 1933.

*Obtaineable from DULex*nte“JCUt of Documents, Government Printing
Office, Washington, D.u., &t price gteted, Deeign‘te publica-
tion by the letfer and number sppearing just before price.
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The valve mainteined tuning fork s a primery stazndard of frequency.
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D. W. Dye and L. Essen. Proc. Royal Soc. ALN3, 285-306,
Jan., 1, 1934,

*Development of stendard frequency transmitting sets. L. Mickey
and A. D. Martin, Jr. BSJ. Research 12, 1-12, Jen. 1934
(RP6320, 5¢).

The technical arrangements of the quartz controlled clocks of the
Physikalisch-Technischen Reichsanstalt. A. Bchelbe gnd U. Adels-
berger, Hochfrequenztechnil und Elektroskustik Uz, 37-L7, Feb.193k,

The bandsetter. G. F. Lampkin. &ST 1§, pp.35~37 of Feb. 193k,

The testing of frequency monitors for the Federsl Radio Commission.
W. D. George., Proc.I.R.E. 22, LU9_-L56  April 1934,

The crystal control of transmitters. R. Bechmann. Wireless Eng.
& Exp. W. 11, 249253, May 193k,

Degcription of the guartz control of a transmitter at 1785 kilo-
CJCﬁes per second. L. Essen. Jour. I.E.E. 74, 595-597, June
193

Primary frequenov standerd. J. G. Beard. Radio Eng. 14, pp.15-17
of June, 1934,

Some improvemént in quartz crystal circuit elements. F. R. Lack,
. G. W. Willard and I. E, Fair. Bell System Tech.Jour. 13,
453463, July 1934,

Piezoelectric stabilization of highk freqguencies. H. Oszsterberg
and J. W. Cookson. Rev. Sci. Instruments 5, 2¢1-226, Aug. 1934

Notes on the measurement of radio frequencies., W. H. F. Griffiths.
Wireless Eng. & Exp. W. 11, 524-532, Oct. 193k,

The plezoeleetric properties of aquertz and tourmaline. G. W. Fox
and G. A. Fink. Physics 5, 302-306, Oct. 193k,

Quertz crystal fundamentals. J. M. Wolfekill. &ST 1%, pp.37-U40
of Dec. 193k,

Cutting quartz crystal plates. I. H. Loucks. Q3T 19, pp.36-38
Of Jai’l., 1935.

Grinding and finishing quartz cryetal plates. TI. H. Loucks.
Q3T 19, pv.28, T4, 76, 78 of Feb., 1935,

¥0Obtainable from Superintendent of Documents, Gouvernment Printing
ffice, Waghington, D.C.,, at price stated. Deslgnate publica-
tion by the letter and number appearing just before price.
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*The National primary standard of radio frequency. E. L. Hall,
V. E. Heaton and E. G. Lapham. J.Research NBS 1L, ¢r-9g,
Feb. 1935, (RP729, 5¢).

¥Monitoring the standard radio frequency emissions. E. G. Lapham.
J. Research NBS 14, 227-238, March 1935, (RP766£, 5¢); Proc.
I.R.E. 23, 719-732, July 193b.

International frequency comparisons by means of standard radio
frequency emissions. L. Essen. Proc. Roy. Soc. (4) 149,
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- Some data concerning the coverage of the five-megacycle standard
frequency transmission. E. L. Hell. Proc.I.R.E, 23, Lhg_ L5z,
May 1935,

A frequency-lock multi-vider. J. A. DeYoung., QST 19, pp.32-33
of BSept., 1935,

Crystal oscillators for radio transmitters: an account of experi-
mental work carried out by the Post Office. C. F. Booth and
“E.J.C.Dixon. Proc.Wireless Section of I,E.E. 10, 129-168&,
Sept. 1935,

A new piezo-electric quartz crystel holder with thermal compen-
sator., W. F. Diehl. RCA Rev. 1, 86-92, Oct. 1936.

Quertz and tourmaline., P. Modrek. Wireless Eng. 14, 127-13L,
March 1937; 175-1%3%, April, 1937.

A simplified circuit for frequency substandards employing a new
type of low-frequency zero-temperature-ccefficient quartz
crystal. ©. C. Hight and G. W. Willard. Proc.I.R.E. 25,
549-563, May, 1937.

A voltage stebilized high-frequency cryvsetal oscillator circuit.
S. SBabaroff., Proc.I.R.E. 25, 623-529, Moy, 193%7.

Department of Conmmerce,
Washington, D.C.

Attached: Appendix. Htandard Frequency and Other Services
Broadcast by Hationel Bureesu of Standards.

*Obtainable from Superintendent of Documents, Government Printing
Office, Washington, D.C., at price stated. Designate publice-
tion by the letter and number appearing just before price.
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APPENDIX

STANDARD FREQUENCY AND OTHER SERVICES BHROADCAST

BY NATIONAL BUREAU OF STANDARDS.

Beginning June 1, 1937, the National Bureau of Standards will
make some changes and extensions in the services broadcast by its
radio station WWV, at Beltsville, Md., near Washington, D.C. The
services will include:. (1) standard radio fredquencies, (2) stand-
ard audio frequency, (3) standard time intervale in the form of
pulses accurately spsced one second apart, (4) the standard of
nmusical pitch, 440 cycles per second, and (%) bulletins of infor-
mation on the lonosphere and radio transmissicn conditions.

1. Standard redio frequencies.- This service mekes genersally
availlable the national standard of frequency, which is of value in
scientific or othér measurements requiring an accurate frequency,
and is useful to radio transnmitting stations for adjusting their
transmitters to exact frequency, and to the public generally for
calibrating frequency standards. Thig service will be given every
Tuesday and Friday, (except nationally legal holidays), as hereto-
fore, but the times, character, and frequencies of the emissions
will be somewhat changed. The emigecions each Tuesday and Friday
will be continuous unmodulated, unkeyed waves (CW) except for a
short pulse each second as described under % below.

The service will be given successively on three radio carrier
frequencies, as follows:

10:00 to 11:30 A.M., EST, 5 000 kilocycles (k

Noon to 1:30 P.M., BEST, 10 000 kilocycles (Xxc
2:00 to 3:30 P.M., EST, 20 000 kilocycles (kc

The power of the trensmitter used is approximately 20 kilowatts,.
The emiscions on 5 000 kc/s are particulerly useful at distances
within a few hundred miles from Washington, those on 10 000 kc/s
are useful for most of the rest of the United States, and those
on 20 000 kc/s are useful in the western part of the United
States and in other parts of the world,

From any single frequency, using harmonic methods, any fre-
guency may be checked,

During the firet four and the last four minutes of the 90-
minute emission on each carrier frecuency, announcements will be
given; they will be made by telegraphic keying and by voice, and
will include the station call letters (WWV) and a statement of the
frequency and the accuracy. The accuracy of the frequencies is at
2ll times better than a part in five million.
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2. Standard audio frequency.- On each Wednesday (excevnt na-
tionally legal holidays), a frequency of 1000 cycles per second
will be transmitted as a modulation on the same radio carrier
frequencies and at the same times of day as listed 2bove. The
radiated vower will be approximately 20 kilowatts, with 30%
modulation.

xcept during announcements, the emissions will consist of
the uninterrupted 1000-cycle frequency superposed on the carrier
frequency. During the first four and the last four minutes of
the 90-minute emission on each carrier freguency, announcements
will be given; they will be made by telegraphic Xeyving and by
volce, and will include the station call letters (WWV) and a
statement of the radio carrier frequency and the audio modula-
tion frequency and the accuracy.

The accuracy of the freaguencies (both carrier and modulation)
as sent out from the transmitting station is at all times better
than a part in five million. Transmission effects in the medium
(Doppler effect, etc.) may result in slight fluctuations in the
frequency es received at a particular place. As far as the car-
rier radio fredquencies are concerned, such fluctuations prac-
tically never exceed a part in five million; furthermore, the
presence of the audio modulation frequency does not reduce the
accuracy of the carrier radic frequency. Under occeslonal extreme
conditiong, momentary fluctuations as great as 1 cycle per second
may occur in the audio modulation frequency as receilved. It 1is
generally possible, however, to use the audio frequency with an
accuracy better than a part in a million by employing that one
of the three carrier frequencies which has the least fading.

It is helpful to use automatic volume control and audio-freguency
filters to reduce the effects of fluctuations in amplitude or
phase of the received audio frequency.

Any degired frequency may be measured in terms of any one of
the standard fredquenclies, either asudio or radio. This may be
done by the aid of harmonics and beats, or, in the case of the
1000~cycle gtandard, aleo by the operation of a simple motor-
feneratoer,

The standard 1000 cycles per second 1s especially useful in
the accurate measurement of zudlio frequencies and time intervels,
cazlibration of tunins-forks, ete.

5. Standard time intervels.- The CW standard frequency
emissions each Tuesday end Friday, describsd under.l above, will
be modulated (30%) v a short pulse once each second (except dur-
ing announcements). The pulse lasts about 0.005 second and con-
sists of a 1000-cycle modulstion on the carrier frequercy; this
type of pulse was chosen to facilifate 1ts reception by ordinary
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radio receivers. The length of the intervals thus marked between
each second and the next is accurate within 0,000 0l second, as
sent out from the transmitter. Measurements to this accuracy have
not been made of thege gignels as received, but measurements made
at one receiving location showed no error within the 1imits of
precision of the measurement, which was about 0.000 03 second.
Vagerieg occurring in the transmission medium may cause fluctua-
tions materially greater than this at particular pleces or times
where there 1s excessive fading. '

These standard seconds 2ignsls constitiite a standard frequency
of one cycle per second, end are derived from the Bureau's primery
standard of frequency which is in turn based upon the standard
time service maintained by the U.S.Naval Observatory. They are of
special value in physical measurements, in geodetic, seismological,
and similar work, in rapid checking of pendulums and chronometer
rates, and wherever gshort time intervals of great accuracy are
needed. They are not capable of giving solar time, as needed in
navigation, for example, for which astronomical observations or
the Navy's time signals are required.

U4, Standard of musicsl pitch.- The American standard of
mugical pitch, UHO cycles per second for A above middle C, will
be broadcast as a modulation frequency every night except Satur-
day end Sunday (and except nationally legel holidays). It will
be a 4U0-cycle modulation on a radio carrier frequency of 5000
kc/s. The service will be glven daily from 4:00 P.M. to 2:00
A.M., EST. The station call letters (WWV) will be given every
ten minutes on the even ten minutes by telegraphic keying, so
that musicians using the service may be sure they are listening
to the right station. The letters WWV are dots and dashes as
follows: .—- v e— The radiated power will be one kilowatt,
with 1007 moduldtlon. The accuracy of the 4UO-cycle standard
pltch 1s approximately the same as that of the 1000-cycle tone
as described under 2 aoove, i.e., Tar beyond any musical require-
mentsa.,

5. Ionosphere bulletins.- Data con the ionosphere and a sum-
mary of high-frequency radio transmission conditions will be
broadcast each Wednesday afternoon, the came day on which the
1000-cycle modulated emissions are given. The bulletin will be
given by voice on each of three radio carrier frequencies, as fol-
lows:

f., EST, 5 000 kc/s

1:20 to 1:33 P.M., EST, 10 000 kc/s
1:40 to 1L:43 P.
3 P,M., EST, 20 000 kc/s

: 2
1:50 to 1:5% P.M
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The broadcast includes statements of the normsl-incidence
criticel frequencies and virtual heights of the ionosphere layers,
and estimated skip distances for & number of frequencies, all
based on observations at Washington the day of the broadcast.
Both day and night values are given. The information is an aid
in choosing optimum frequencies for long-distance communication.

Further information is given 1in the Bureau's Letter (Clrcular
499, "The weekly radio broadcasts of the National Bureau of Stand-
ards on the ionosphere and radioc transmission conditions."

General,- Information on how to receive and utilize these
various services 1s given in pamphilets obtailnable on request ad-
dressed to the National Bureazu of Standards, Washington, D.C.

The Bureau welcomes repvorts of use and comments upon the
serviceg, It 1gs desired that users report to the Bureau their
experience in using them, including: description of method of
use; stetement of relative fading, intensity, interference, etc.,
on the three carrier fregquencies; and suggestlons for improvement
of any details. Correspondence should be addressed National
Bureau of Standards, Weshington, D.C.




