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�L�CTRICAL COMMUNICATI ONS TECl-INIQU� 
ALLIED Fl�LDS AND ITS APPLICATIONS IN 

Tl-IE WAVEMETER YIELDS 

� - f HE tuned-cir ui� wa e
meter was the fir t accu-
rate radio-frequency-mea-
suring instrument, and it is 
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that even now we measure 
frequency with far higher accuracies 
than any other quantit with which 
the radio engineer deals. While tuned
circuit wavemeters have been greatly 
refined, the accura y of laboratory 
mea urements, and indeed commer ial 
requirements for frequen y standards, 
have outstripped them. So, whil(:, the 
tuned-circuit type of wavemeter will 

till be used for many purposes-as a 
transfer in trument, and for measure
ment where an accuracy of about 0.1 % 

is sufficient, it must yield its place as a 
econdary standard for really preci e 

work, just as it was displaced hy the 
cry tal oscillator several years ago as a 
primary standard. Again it is a form 
of piezo oscillator which take its place. 

few year ago, a wavemeter, 
especially one of the precision type, 
was regarded a a ufficientl y accurate 
frequ n y tandard for u e on ommer
cia] channels. ith the total n umber 

of stations on the air on tantly grow
ing, efficient u e of the a ailable radio 
channel demand that the frequency 
of each station deviate a Jittle as 
possible from that of its a igned 
channel. The present regula tion.s of 
the Federal Radio Commi ion specify 
frequency tolerances which are far 
beyond the pra tical limit of a 
calibrated tuned-cir uit wa emeter. 

The present frequency tolerances on 
channel between 1500 and 23,000 kilo
cycle vary from 0.023 to 0.053. To 
reach accuracies of thi order, mea ure
ments mu t he made by heterodyne 
methods, since the best a uracy 
which may he obtained commercially 
with the tuned-cir uit avemeter i 
in the vicinity of 0.1 %-

The development of the piezo
electric oscillator has furnished accu
rate and ine pensive frequency tand
ards. As origin.ally developed only a 
single frequency and its harmonics 
could be obtained from a single crystal. 
M ultivibrators opened a new range of 
u efulne s for p1ezo tan.dard by 

normously increasing the number of 

www.americanradiohistory.com

www.americanradiohistory.com


2 THE GENERAL RADIO EXPERIMENTER 

frequencie which can he obtained from 
a single standard. The multi ibrator 
extends the u efulness of the standard 
by providing a harmonic series whose 
fundamental is equal to or a sub
multiple of the frequen y of the 
standard and is entirely ontrolled by 
it. These two instruments in combina
tion provide a eries of standard fre
quencies spaced at equal intervals 
over the radio-frequency spectrum, 
which can be used for frequency 
measurements in much the same way 
that m.ilestones on a highway can he 
used in measuring distance. 

While this type of equipment i suit
able for u e as a primary standard a 
more flexible installation is needed for 
commercial frequency mea urements. 

Frequen ies which lie within a few 
ycles of the standard harmonics can 

be measured by dire t omparison 
methods, such as listening to heats in 
an oscillating detector, but in order to 
measure frequencies between. the har
monics, an additional unit is required. 
For this purpose, a heterodyne fre
quency meter is used. 

The heterod yn.e frequen y meter is a 
highly stable radio-frequency oscillator 
with a linear scale ( traight-line-fre
quency condenser) . Since this is a 
tuned-circuit instrument, it is subject, 
of course, to the u ual variations in 
frequency due to the temperature co
efficient and the effects of aging in the 
tuned-circuit. Its stability over short 
periods is e tremely high and it can be 
used as a calibrated frequency meter 
of high a uracy if the calibration is 
periodically checked. When u ed with 
standard-frequency equipment, how
ever, it b omes purely an interpolating 
device and the only fa tor affe ting 
the a curacy of m a urement are it 

s, .s. 
ScALI!--

Illustrating method of interpolation between 

standard-frequency harmonics 

precision of setting and linearity of 
scale, both of which are more than 
adequate for commercial use. 

This process of interpolation may be 
better understood by reference to the 
diagram of Figure 1 which show a 
plot of frequency against scale reading 
for the heterodyne frequency meter. 
By listening in a radio re eiver, the 
heterod ne frequency meter can be 
successively adjusted to zero heat with 
the unknown frequency, the multi
vibrator harmonic next above the 
signal, and the harmonic next below 
the signal. This gives three scale read
ings, Sx, S 2, and Si, respectively. If 
the frequ.ency interval between multi
vibrator harmonics is 100 kilocycles, 
the frequency inter al between f1 and fx 

IS 

X 100 KC (1) 
S2 - S1 

In other words, the frequency inter al 
between f 1 and fx is proportional to the 
corre ponding fraction of the 100-kilo
cycle scale interval and the frequency 
of fx i 

If de ired, operation ( ) an be arried 
out by mean of a hart. 
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The frequency of the harmonic f1 
can be easily determined from the 
calibration �f 1:he heterodyne frequency 
meter. 

The following analogy may be help
ful in explaining the interpolation 
process. Suppose, for example, t.hat a 
man lives in a house between the towns 
of A and B, and that he wi hes to 
determine exactly how far from A his 
house is situated. These towns are 
connected by a straight highway 
marked by milestones. He knows tha-t 
the house is between. the 8th and 9th 
milestone from H" problem is 
therefore to determine -the distance 
between milestone number 8 and his 
house. Starting out from the house he 
paces off the distance to the 8th mile
stone and finds it to he exactly 440 
paces. He then turns back and counts 
the-paces from the 8th milestone to the 
9th and finds there are exa tly 1760. 
Since 1760 of his paces are equal to one 
mile he knows the house is 44 Yl760 
of one mile from the 8th milestone. 
His house then. is located 8� miles 
fi_·om A. 

While the mechanics of this distance 
interpolation are similar to those of the 
frequency measurement, there remains 
one outstanding difference. While it 
took our hypothetical householder 
about an hour to perform. his inter
polation on foot, the unknown. fre
quency can be mea�ured on the dial of 
the heterodyne frequency meter 1n. a 
few seconds. 

The interpolation. process is not 
limit:ed to the fundamental frequency 
range of the heterodyne frequency 
meter. Interpolation. can be made as 
easily at harmonics as at the funda
mental. This allows measurements 
over a wide range of frequency to be 

The secondary standard described. It con i ts 

of the following items : 

TYPE 616-A HeterodyneFi·eq'cy Meter $500.00 

TYPE 592-A Multivihrator . . 150.00 

TYPE 575-D Piezo-Elecn·ic Oscillator 215.00 
TYPE 480-B Relay Rack . 15.00 

TYPE 376-J Quartz Plate (for oscillator) 85.00 

TOTAL $965.00 

(Blank panel is not included in this price) 

made with an instrument whose funda
mental frequency range is limited. 

For use in this method of frequency 
measurement, the General Radio Com
pany offers the assembly shown in 
Figure 2. 

This assemb y is capable of measur
ing frequencies from below 100 kc to 
about 30,000 kc. The overall accuracy 
is better than 0.01 %. It is suitable for 
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the mea urement of the freq uencies of 
tran mitted and i·e ei ed ignals and 
for the tandardization of re eivers and 
other calibrated appa ·atu . 

t is pa ti ularly recommended for 
small communication ompanie en
gaged in I urnish · g a limited clas of 
ser ice a for instan e, airplane com
munication. 

The piezo-electric oscillator i the 
same in trument u ed in the General 
Radio vi ual frequency monitor for 
broadca t tat ion . It ab olu a cu
racy with TYPE 376-J Quartz Plate i 
guaranteed to be within 0.002 . The 
multivibrator i f th typ u ed in the 
General Radio Cla C-21-II tand ard
Frequen y, a precise primary sta dard. 

The TYPE 616- Heterodyne Fre
quency Meter is a highly stable tuned
circuit o illator u ing a traight-line
frequen y precision on denser. It i 
entire! alternating-current op rated 
and u es the voltage tabilization 
feature des ribed 1n the ugust 

Experimenter. It fundamental fr -

quen y range 1 from 100 to 5000 
kilocycles. By using harmoni method , 
it can be u ed to mea ure frequen i 
from 10 to 30,000 kilocycle . A de
te tor and audio amplifier are included. 

A por table, battery-operated hetero
dyne frequ ncy meter is al o a ailable. 
Thi ·n trumen t , TYPE 615-A Hetero
d ne Frequency Meter cover a fre
quency range of from 275 to 5000 kilo
cycles. It i similar in appearanc to 
the model shown on page 8 of th 

ugust Experimenter. The portable 
feature is often an adva tage., since 
the instrument can be che ked in 
the laboratory again t a frequen y 
standard and then u ed for frequen y 
mea urem nts at point remote from 
the laboratory. It pri e i $375.00. 

Sub tituting this in t rument for the 
rela -rack model of Figure 2 make 
the price of the complete as embly 
$8 0.00. 

-CFIAR LE E. WoRTHE 

A LABORATORY l-IETERODYNE 

I 
the whole range of frequencies 

above audibility there ha not been 
ommer ially available equipment for 

demodulation. and amplification of 
uper-au dible frequen ies., yet such 

equipment is a ne e ary acces ory for 
many types of laboratory mea ure
ments., and greatly extend the u eful
nes of o-ther tandard equipment. 
Bridge mea urement , for e ample, can 
be made at frequencies above the 
broadcast band. In frequenc measure
ments, a heterodyne is of course 
indispensable. 

To he su:ffi iently fie"" ible for gen ral 
u e, uch an in.strum nt must co er 
an extreme} wide frequen r,ang 
with a fairly uniform n itivity. Com-
1nercial recei er are available for er
tain frequency band ., hut no ingle 
instrument of su h characteri tic ha 
been available which would cover the 
entire frequency band from 85 kilo 

cycles to 20 megacycles. 

The TYPE 619 Heterodyne Detector, 
while originally designed for u e in a 
frequency-monitoring s stem, meets 
these conditions very well and is 
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TYPE 619· Heterodyne Detector 

entirely uitable for use a a general
urpose heterod ne. 

It consist of a tuned regenerative 
detector whose frequency range e tend 
from 85 to 6000 kilo y 1 , and a two
stage audio amplifier. This range of 
frequencie. i o ered by th standard 

et of twelve coils furni hed with the 
instrument. In addition, si e tra coil 
are available whi h e tend the range 
to 20 megacy le . regeneration con
tro i pro ided so that the detector 

an be used in either the o cilla ting or 
the non-oscillating condit ·on. 

Thi control is e trem ly ilent in 
operation and no {'fringe howl"' or 
clicks are noticeable when the detector 
goes into oscillation. 

The amplifier output tran former i 
de igned to wor into a pair of tele
phones. 

This instrument is available in two 
:models, one battery opera ed and the 
other designed for opera ion from a 

110-voh, 60- y le, alternating-current 
line. Both mod l are intended for 
relay-ra k mounting, but can be sup
plied in cabin t mounting at a light 
increase in cost. 

The minimum-detectable ignal with 
the battery-operated model is about 40 
micro olts with a signal 30% :modu
lated at 1000 c cle and with he· ero
dyne reception of an unmodulat d 
signal it is about on mi ro olt. 

The alternating-curr nt mod l ha 
slightly higher background noise level 
and it sensitivity to the modulated 
signal is about 100 micro olts over 
mo t of the frequen y range. ing 
beat reception with 1:his model a signal 
of about 2 micro olt can be detected. 

These values are for thre hold sen i
tivity, the weakest ignal which can be 
heard. 

The price of the a-c model (T PE 
619-AR) is 250.00 and that of the bat
tery model (TYPE 619-BR) is 225.00. 
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A RADIO-FREQU ENCY OSCILLATOR FOR THE LABORATORY 

TYPE 484 Radio-Frequency Oscillator. The drawer provides 

storage space for extra coils 

A
RADIO-:FREQUE CY GENERATOR cov

ering a ide range of frequency 
is often needed for laboratory mea
surements. 

The TYPE 484-A Modulated Oscilla
t;or has been. de igned t;o fill t;he need 
for a general-purpose in.st;rumen.t; which 
can be adapt;e to a variety of prob
lems. Among it;s features are a wide fre
quen y range, t;raight-lin.e-frequen.cy 
conden er, pre ision dia , internal mod
ulat;ion., out;put cont;rol, and low 
ext;ernal field. 

The norma frequency range is from 
490 kilocycle to 40 megacycles covered 
whh 5 plug-in. induct;ors. Two addi
t;ional in.duct;ors are also available. One 
spans the intermediate frequencies 
used in uperheterodynes. The ot;her 
operat;es at; 100 kilocycles. The small 
change of frequency with dial sett;ing 

on this coil, combined with the slow
mo tion. dial, permit setting the oscilla
tor with extreme preci ion. at 100 
kilo ycles, in comparison with a stand
ard. 

The frequency ratio of each coil is 
approximately 3:1. The condenser is 
controlled by a TYPE 706-B, 6-in. h 
pre ision. dial, which has a low-motion 
drive with a 3:1 reduction ratio. t;s 
total scale length is 450 divisions and 
it can be set t;o within one-fifth di i
s1on. 

Modulating voltage is supplied from 
a 1000-cycle vacuum-tube oscillat;or 
which is included in the instrument. 
The modulation oscillator is a plug-in 
unit, and units for other frequencies 
are easily substituted. The percentage 
modulation is approximately 30%. 
short-circuiting plug is provided which 
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-replaces the audio-frequency coils when 
it is de ired to u e th oscillator un
modulated. 

The output is controlled by a poten
tiometer having an yrton-Perry wind
ing. The ma imum output voltage 
available is 2.0 olts. t the highest 
frequencies thi drops to 0.2 volt. Over 
the range of any one coil the voltage 
varies by a ratio of approximately 1.5 
to L 

The o illator is battery operated 
and uses two 230-type tube . Batteries 
are elf-contained. 

Type 
484-Pl 
484-P2 
484-P3 
484-P4 
484-PS 
484-Pll 
484-Pl2 
4·84-P21 

Frequency Range 
23.5 :me to 40 me 

8.9 me to 27 me 

3.2 me to 10.5 m.c 
1220 kc to 4225 kc 

90 kc to 1650 kc 
6 kc to 270 kc 

10 kc 
400-cycle cillator unit 

This o cillator is a suitable power 
source for use with the T PE 516-
Radio-Frequen.c B ridge. Other u es 
include resistance mea uremen.ts at 
radio frequencie , te ting rece1v1n.g 
circuits, and determining detection. 
characteri ·ti s of vacuum tubes. 

It i an e ceptionally useful instru
ment for experimental and demonstra
tion u e in college laboratories. 

The pri e, less tubes, batteries, and 
inductors, is $125.00. 

Code Word-CRE T. 

Inductors available are listed below: 

Price 
$8.00 

8.00 
8.00 
8.00 
8.00 
8.00 
8.00 

12.00 

Code Word 
MODOSCBIRD 
MODOSCDESK 
MODOSCFORD 
MODO 
MODO 
M DO 
MODO 
MODO 

Weight . . . . .. _ .32 lb 
Dimen ion : 14Y2 deep x 12� high x 19%; inch s long 

A NEW PLUG GROUP 

TYPE 674-D TYPE 674-J TYPE 674-P 

T
HE TYPE 67 4 Plug , illustrated, are 
similar in feature and on venien e 

to the well-known 274 type. 

They are capable of carrying mu h 
heavier current. (up to 50 ampere ) 
and ha a Jo, ontact re i tance. 
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A conical shoulder on the plug fits 
moothly into a similar recess on the 

jack., and the main path of current i 
not through the plug springs. 

Provi ion is made for atta hing 
heavy leads to the plug . A turned 
over lug is provided which cla ps both 
the hared end of the wire and th in
sulated body. The latter feature re
move the strain of the hea y lead 
from. the joint. 

The plugs are particulady onve
nient for mounting -transmitting in.
du tances. Copper tubing U6-inch diam-

eter can be fitted directly into the jack 
end of the TYPE 67 4-D Plug. 

precaution should he ob erved in 
soldering to -the plugs. The pho phor
bronze spring should be held with a 
wet cloth, otherwise the long heating 
nece ary for soldering the large con
ne tions may damage the t m.per of 
the plug pring. 

TYPE 67 -P JI-Metal Plug 0.25 

TYPE 674-J Jack . . . . . . . . . . . . . .35 
TYPE 674-D In ulated Plug 

with Jack Sleeve . . . . . . . . . . . . 50 

BRIDGE MEASUREMENTS AT HIGJ-1 FREQUENCIES 

T
HE Jul (1932) Experimenter con
tained an article de ribing a bridge 

suitable for measurements at radio 
frequen ies. This article mentioned an 
o ill a tor that w a being developed 
which would be uited for use ith the 
TYPE 516- Bridge. This oscillator 
(the TYPE 484-A) i announced in 
t:his issue of the Experimenter. It is 
hown set up for use with the high 

frequency bridge in Figure 4 of the 
July article. 

In the bridge article, a broadcast 
receiver was sugge ted as a null indi
cator. This is probably the most satis
factory detector at broad a t frequen
cies, but where work is to be pursued 
o er a wide range of frequencies above 

Frequency Modulated 
200 kc 10 µ.µf 

and below the broadcast range a more 
:flexible instrument: i needed. The .''\.� 
feature of the TYPE 619 Heterodyne 
Dete tor, des ribed in thi i ue, recom
mend it for u e with the TYPE 516-A 

Bridge. The frequenc range of the 
heterodyne detector include nearl 
all frequencies at which th bridge 
would be u ed. Its en iti ity i suffi
cient for good bridge balance. The 
following figures indicate the accura y 
of balance at repre entative frequen
cies, using the TYPE 484- Radio
Frequency 0 cilla tor and the TYPE 
619-B Heterodyne Detector. The TYPE 
619-A (a-c type) has a slightly higher 
noise level, and le ac urate balan e 
can be obtained with it. 

Unmodulated 

1000 kc 0.5 µµf o_s ohms 
0. 15 µ µf 0 . 7 ohm 
0. 05 µ.µ.f 0. 025 ohms 
0.005 µµf 0.01 ohm 2500 kc 0.05 µµf 0.03 ohm 

�� 
�HE GENERAL RADIO COMPANY mails the Experimenter, without charge, 
_L each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests 
for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

3 o State Street Cambridge A, Massachusetts 
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