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�L�CTRICAL COMMUNICATIONS T�Cl-INIQU� 

ALLl�D Fl�LDS AND ITS APPLICATIONS IN 

A BRIDGE-TYPE FREQUENCY METER 

OJ NSTR MENTS for the 
1 mea urement of audio fre

uencie are usually based 
�=:::::::=:::::::::::::� on one of the numerous 
bridge circuits in which frequency en
te e pli itly. The familiar tuned-cir
cuit wavemeter has not made a atis
factory audio-frequency meter becau e 
of the large amount of power lost in it 
when the usual current indicator is 
u ed. The re onance bridge makes u e 

f a i.m.ilar tuned ir uit in one arm, 
the other arm being pure resis'tance. 
For any reasonable values of induc
-tan e the capa itance required to tune 
to the lower audio frequencies is so 
large that an air ondenser cannot he 
used. The capacitance then is fixed and 
the inductance ade variable in order 
t ha e continuous adju tment. Differ
ent range are obtained by changing 
the capa itance. The bridges of Camp
beJI and of Kennelly and V eland er 
make u e of a variable mutual inductor 
and a nu1nber of fi 'ed conden er . 

Bridg u ·ing iudu tance, either elf 
r-- or mutual, have two serious defects. 

The shape of the frequency scale de
pends upo tl e characteristics of the 
variable inductor u ed and a o b 

appreciably altered. The magnetic 
field of the indu tor is such hat it can
not be satisfa torily shielded from the 
source of frequency being measured. 

The Wien bridge circuit has been 
chosen for the TYPE 434-B udio - Fre
quency Meter because it eliminates 
both of these objections. Since it use 
only resistance and capacitance, i-t has 
no external magnetic field. The t' o 
variable resistors may be so constru t
e d  that the frequency scale has the 
mo t desirable shape. A chematic dia
gram is shown in Figure 1. The condi
tions for balan e of this bridge are: 

and 

f = _1 __ 
2-rrvPQCpC,; 

c(,J _P 

B Q 
(1) 

In order· to provide a single ontrol, 
upon which the frequency cale may be 
mounted and to maintain the se on.d 
balance ondition, the two resistors P 
and Q and the t" ·onden er CF and 
CQ are made equal, and the Lwo ratio 
arms are made two to one: 

- - = 
A 

1 and-= 2. 
B 

(2) 
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F.IG RE I. Schematic wiring diagram for the 
TYPE 4·34-B Audio-Frequen Meter 

Thu the second bala n e ndition 
alway f ulfilled and the fir t ndition 
r du R to 

l 
f = . 

27rPC,. 
(3) 

The two resi tors P and Q are wound 
on tapered ards of uch a shape that 
the frequency s ale is logarithmic. 
Equal frequency rat· o occupy equal 
intervals on the s ale. Hen e the frac
tiona l ac uracy of reading i onstant. 
There are fixed resistor in erie with 

the variable parts of P and Q having 
about one- tenth the value of the ari
able re i tor, which limjt th range of 
the frequency s ·ale to a ratio of ten to 
one. The three frequency range , differ
ing b factors of ten from one another, 
are obtained by the u e of three sets of 
condensers CP and CQ, which also differ 

by factors of ten . The same engraved 
ale is u ed for all three ranges .. The 

frequ n y ranges chosen. are 20 -to 200, 
200 t o  2000, and 2000 to 20,000 cycle 
per e nd. 

It is impracticable to keep the re
sistors p and Q and the condenser cp 
and CQ exactly equal as demanded by 
equation (2). An auxiliary control on -

i ting of a small potentiometer i pro
vided between the ratio arms A and B 
-to whose sliding contact the null de
te tor is connected. This alters the 
effective ratio A/B and sati fie equa
tion (1). If this adjustment is not made 
however. the etting of the frequency 
ilial i not al tered but merel dulled. 

The n ull detec or ino. t often u d 
for sett ing the frequency dial is a pair 
of head telephones. The e are satisfac
tory in the frequen y range from 300 to 
5000 cy les per se ond . If the source of 
frequency to be mea ured contains har
m ni s th y will not be balanced ut 
by the b ridge and will be impressed on 
the telephone . The human ear can dis

criminate against a on iderable am unt 
o- harm ni n ten t. It mu t be aided 
by the u e of a low -pas filler on
nected between the bridge and the tele
phones for high hat·monic con.tent or 
for the mea urement of frequen ie Jes 
than half the natural frequency of th 
telepho e . hen the voltage avail
able to be applied to the br-idge ·s 

mall, an amplifier m 1 t b u eel lo 

obtain ufli ient n iti ity. Th G n
eral Radio TYPE 514-A mpli:fier i 
e yactly suited for this purpo e becau e 

it maintain it voltage ain of 200 a p
pr xirnatel on, Lant from 20 to .... 0,000 

y les per e nd. 
F r frequencies outside the range f 

telephone a en itive alternati.ng-cur
ren voltmeter and an1pli:fier mu t be 
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FIGURE 2. The TYPE 434-B Audio-Frequenc M ter 

used. The T PE 488 Alterna ing-Cur
ren t Vol tmeters are well suited to this 
use. A suitable low -pass filter should be 
used because the alternating-current 

oltmeter la ks the power of di rnn.1-
nating against harmonics . 

The frequency dial is hand alibrated 
to an accuracy of 0.5%. It may be set 
Lo an accuracy of 0. % when sufficient 
amplification is pro ided, thi figure 
being determined by the spacing of the 
individual wires on the v ariable resis
tors P and Q. 

he TYPE 434-B Audio- requency 
Meter wiJl measure any frequency from 
20 to 20,000 cycles per second. The 
usual sources are vacuum-tube oscilla
tors of all kinds, tuning forks, and the 
low r range of magne tostriction rods . 

The meter is equally suitable for mea-
urin.g the frequency of the beat note 

ob tain.ed from two high frequency os
cillators. An accuracy of 0.5% in the 
determination of this bea t  note means 
that the difference between the two 
high frequencies is kn.own to 0.1 cps for 
a 20-cps beat and proportionally for 
higher frequencies. When an unknown 
high frequen y i compared with a 
standard crystal oscillator there are 
usually available harmon ·cs spaced 
1000 cps apart . The beat note can then 
alwa s he made less than 1000 cps o 

that the unknown frequency i s  mea
sured in terms of the standard crystal 
to within 5 cps. 

The price of this frequency bridge 
is $125.00. - ROBERT F. FIELD 
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A VACUUM TUBE VOLTMETER 

W
HILE the opper-oxide r tifi r 
type of voltmeter, which can b 

1nade in a po1·t:able form with a full
s ale deflection of 2 volts and with an 
impedance of the order of 10,000 ohms 
per volt, is a very convenient and use
ful instrument for many alternating-

urrent mea urements, it has, unfor
tunately, t.wo di ad antages in that its 
impedance var·e with 1:he applied olt
age and that its calibration error in-

reases with the frequency. 
r making measurements of small 

voltages in circuits of high impedance, 
-a , for instan e, in measuring the 
gain at various points in amplifying 

ystem -for all voltage measurement 

at high audio, uper oni , and radio 
frequencie , and for te t upon re on.
ant circuits, the thermionic or va uum
tube olt:me-ter i much to be preferred 
and may, in fa t, be indispensable. 
The a companying illu tration show 
the new alternating-current-operat d 
thermionic voltmeter being used to 
measure frequency response curves of 
tu ed interstage t1·ansformer intended 
for operation at high audio frequencie . 

Over a year ago, the General Radio 
Company announced the bridge-type 
1:hermionic voltmeter (TYPE 426- ) 
which was energized by a 22.5-volt 
battery. To eliminate the nece sity for 

u ha battery and thus fulfill the pres-

Measuring the response characteristic of an inter tage coupling transformer with th 

TYPE 626-A Va uum-Tube Voltmet r. Th meter i on the b nch at the right 
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ent-day desire for more convenient 
equipment energized solel by a 110-
volt 60-cycle circuit and to supply a 
meter which shall be reliable at radio 
frequencies, ·the TYPE 626-A Vacuum
Tube Voltmeter is now offered to the 
experimenter. 

This instrument is a rugged, service
able, direct-reading, moderately-priced 
meter of the compensated, depre sed
zero type, having a full-scale deflection 
of 3 v:olts, r.m.s. From 0.5 volt to 3.0 
volts ·the scale is approximately uni
form. The :filaments of the 227-type 
·tube (thermionic volt meter) and the 
171-·type tube (rectifier) used are run 
at subnormal voltages so that their 
:normal life is considerably increased. 
Proper circuit des· gn minim· zes the 
wandering of the zero or aging. By 
in or orating an 874-type ballast tube, 
the chief sour e of error, fluctuation in 

line volt age, is reduced to only .05 0 

of full cale value per volt change. A 
rheostat i pro- ided for com pen a ting 
a change in line voltage over a range 
from 100 to 12 volts. Due ·to the large 
thermal capacity of the cathode of the 
227-type tube, mall erratic changes in 
line voltage are ordinarily negligible. 

These meters are individually cali
bra·ted to within 1 of full-scale value. 
Below 1500 kilo y les, the frequency 
error is negligible. At 3000 kiloc cles, 
it is less than 2%, and at 000 kilo
cycles, less than. 4%. The input im
pedance i con tant and approximately 
10 megohms and no external direct
current pa-th is required. Hou ed in a 
"\-valnut cabinet 11 inches long by 8Y2 
inches square, thi instrument weigh 
fourteen pounds. The price, complete 
with ·tubes and attachment cord, is 
$100.00 and the code word is ETffIC. 

-HORATIO w. LAMSON 

DIRECT MEASUREMENTS OF l-IARMONIC DISTORTION 

D
EVELOP ENT work has recently 

been comple·t:ed on an instrument 
wh ·ch has a wide field of u efulness in 
the testing of apparatus for the electri
cal transmission or reproduc·tion of 

peech, mu i , or 1 ion. 
The new instrument:, the TYPE 536-A 

Distortion-Factor Meter, will measure 
the harmonic distortion in the modu
lated output of a broadcast tran. mitter. 
It can then determine how much of the 
distortion is due to the speech amplifi
ers. In a receiving set it can measure 
the harmonic distortion produced in 
the detector r in the audio amplifier . 
By its means, a]so, measurements can 
quickly be made whi h will determine 
what load resistance should be used 
with a pentode output tube to obtain 

the maximum power outpu-t for various 
allowable distortion limits. 

The distort.on-factor meter wa 
developed so 1:hat dis1:ortion measure
ments could be accurately made by a 

ery much simplified technique. After 
a preliminary observation, 1:he total 
harmonic distortion is given directly 
by a dial reading. Less 1:han thirty sec
ond is required for the entire measure
ment. 

In the system employed the voltage 
1:0 be tested is applied to two filters in 
parallel, one of which passes ·the har
monics only and the other of which 
passes 1:he fundamen1:al. A vohage di
vider is placed in the line pa sing 1:he 
fundamen1:al. Thi varied until the 
output voltages of the two lines are 
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pparatus for detennining harmonic distortion. Left to right: TYPE 536- Di tort.ion-Fa toi· 

Meter, TYPE 514- 1nplifier, an.d TYPE 488-HM Alternating-Current Gal anomet r 

equal. A dial, attached to the oltage 
divider, then i·eads directly Lhe har
monic content. 

The distortion-factor meter i not to 
be confu ed with a harmonic analy er. 
Thi latter in trument is a sharply se
lective device which will measure the 
ampl:i tude of the arious 01nponent 
of a complex current or voltage ·wave. 
It is very laboriou to use a harmoni 
analyse1· fo1· distortion measurements. 
A separate mea urement must be made 
for ea h harmonic pre ent, and the re
sults combined to obtain a useful re
sult .  The distortion-factor meter, on 
the other hand , i des'gnecl o that one 
of the filte1·s t1·an mits equ ally all the 
harmonics, while uppre ing the fund
amental and a1 y powe1·-supply hum 
which 1nay be pre ent. If a i·oot-1nea1 -

quare indi ating in trum nl i em
ployed, tbe1· fo1·e, the reading obtained 
with the di tortion-factor meter will 
give dire ti y the le it-eel ratio f Lhe 
eff ecti e alue of the combined har
monic Lo the valu of the fundamental. 

o computation whatever i required. 
Let us on · der in more detail one of 

the appli ations of the in trument, the 
te ting of broad a t Lran mitter . 
the di tortion-factor met r i de igned 
for testing at 400 cps, a fairly pure volt
age source of this frequency 1nus t he 
a ailable. With mo t o cilla·tor , a filter 
mu t be employed to obtain uffi ien.t 
purity. The :filtered oscillator output i 
applied to 1-he input of the peech 
amplifiers. 

If it is de ired fir t of all to check the 
operation of the speech amplifiers, the 
distortion-factor meter 1nay he u eel 
Lo te t the u tput of the modulator 
tube or of any amplifier stage preced
ing it. Fin.ally, the mo t iinportant 
1neasurement of di tortion in the mod
ulated output may be made after first 
re tifying the high-frequency oltage 
with a high-quality rectifier. A care
fully designed linear rectifier i in or
porated in the Ty1>E 4,--7.A Modula
tion Meter, and terminals are provided 
for onne "'tion to the di L r ti on-fa t r 

Layout fot· rnca uring di torL i o l. pr sent in the ou tpu t of a broad a t transmitter 
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n1etcr. The �omplete layout 1s indi
ated in the figure. 

It is believed that thi inea 'ure1ncnt 
of modulatio distortion i the final in
de r of the quality of the outp ut of a 
broadcast tran m i tter, a far a har
monic di tortion i concerned. It lumps 
together a 11 the source of harmonic 
disto1·tion in the transmitter and mca -

ures their combine d e ffect on t he 

sh ape of the output ol tage wave. 
Thi di cussion of the application of 

the di tortion-factor meter to the single 
problem of the testing of broadcast 
t1·ansmitters will serve a an indication 
of its many uses in e1ectric communica
tion techrtique. 

The price of the TYPE 536- Di Lor
tion-Factor Meter i $140.00. 

-W. N. TUTTLE 

A WAVEMETER FOR Tl-IE 1 - 15 METER BAND 

A 
E w in Lrument has been added 

to the line of eneral Radio -.. ave
nie ters. It is the TYPE 419-A Rectifier
Type W a emeter � co - ering the range 
fr m 1 Lo 15 n1eter ot· 300 to 20 mega-

cycl per second. The in trument 1 

primaril in tended for laboratory and 

TYrE 419-A Wavemeter 

www.americanradiohistory.com

www.americanradiohistory.com


8 THE GENERAL RADIO EXPERIMENTER 

erv1 e u e where a rapid and fairly 
a urat mea urement is required. In 
thi ay, inaccurate and bothersome 
L her wires are eliminated wher 
wa length are mea ured with a ard-

ti k. Stable o cillator have made it 
pos ible to use heterodyne method 
even at 1 meter and to calibrate the 
T PE 4 19- Rectifier-T pe Wa e
meter in term of the General Radio 
primary tandard of frequen y. 

Be ide mea uring oscillators, ·trans
mi t r and receiver , the instrument 
can be u ed as an au1·al detector of 
modulated o illation and a an un
calibrated vacuum-tube vohmeter. The 
a ompanying photograph shows the 
in tru1nent. Dimension and weight of 
the abinet have been redu ed as much 
a po sible and a handle is provided on 
th panel. Thi way it i po ible to 
hold the in trument with one hand and 
bring it in any desired po ition with re
spect to the apparatus which is to be 
mea ure . 

F ur in.du Lor , each with a fr -

RESISTANCE BOXES "' "' "' Prices on 
three sizes of the TYPE 102 Decade
Re i tance Bo e have been reduced as 
follow : 

TYPE 102-L, 58.00 (was $75.00) 
TYPE 102-M, $70.00 (was $100.00) 
T PE 102- , $62.00 (was 75.00) 

The T PE 102-L Decade Resistan e 
Box is a four-dial ho , having a maxi-

quen y ratio of I :2, cover the entire 
i·ange of he wavem ter. A large dial 
makes it po sible to read etting t 
within 0.1 0• With respect ·to error 
that a1·e like] to occur due lo the 
presence of metal part in the field of 
the inductor and �tran former a ti on," 
the accuracy has been con rvati el_ 
set at 1%. 

A an in.di ating de ice a vacuun1-
tu be volt meter i used, the high en i
·tivity of which is very ad antageou , 
sin e i t  makes it possible ·to use a very 
loo e coupling b tween the wa vemet r 
and the apparatu under mea urement. 
Besides the permanently onnected in
dicating instrument, plugs are provided 
for the onne tion of headphone . The 

abinet f th ' a vemeter contains the 
four plug-in inductors and four sepa
rate calibration ·harts. The calibration 
i given in term of frequency, but on 
each chart a on er ion curve i pr -
videcl which make it possible to read in 
wa e length a ell. The price of thi 
meter i 100. -EDUARD KARPL 

mum resistan e of 1 11,100 ohm , ad

justable in step of 10.0 ohms; the 
TYPE 102- M ecade-Resista:n e Bo 
has :five dials with a maximum re i -
tan e of 1 1 1,110 ohms in steps of 1 hm; 
and ·the TYPE 102- Decade-Re i tan e 
Bo is a five-dial ho, with a maximu1n 
resistance of 111 11 1.0, adjustable in 

teps of 0.1 ohm. 

T
HE GENERAL RADIO COMPANY m,ails the Experim,enter, without charge, 
each m,onth to engineers, scientists, and others interested in com,m,un

ication-frequency m,easurem,ent and control problenis. Please send requests 
for subscriptions and address-change notices to the 

GENERAL RADIO CO MPANY 
30 State Street Cambridge A, Massachusetts 
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