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AND ITS APPLICATIONS IN ALLll:D Fll:LDS 

A NEW PRECISION WA VEMETER 

F. 
OR the rapid and conven­
ient measurement of fre­
quency with a minimum of 

/�����e qu i p m e n t, t h e  tun e d­
circuit absorption-type wavemeter has 
en.joyed a long and useful career. While 
for precise measurements it has long 
sin e been displaced by the 
more modern heterod ne in­
struments and the quartz-crys­
tal standard of refer n e, its 

FIG 

usefulness remains unchallenged in that 
wide field of measurement where only 
a moderate accuracy is demanded and 
where simplicity is an important re­

quireme t. 
The absorption-t pe wavemeter con-

i ts fundamentally of a condenser, 
one or more coils, and a resonance 
indicator. Improvements in the de­
sign. of these components make pos­
sible onsiderably improved per­
forman e in the wavem ter. 
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L-1[ 
TO C-1 L-7 

Fie RE 2. 

30-TYPE TUBE 

"rcuit of TYPE 724-
W avemet r 

LITTLE SIX 
BATTERY 

The TYPE 724- Wavemeter is a 
new instrument repla ing the older 
TYPE 224. As a result of the re-design 
of coils, condensers, and resonance 
indicator, the new wavemeter has a 
wider freque cy ·ange an a grea er 
sensitivity than its predecessor. The 

ondenser is similar in construe ional 
details to the TYPE 722 Precision Con­
denser re ently described.* This con­
denser is built around an integrally 
cast frame of an aluminum alloy, with 
the rotor aft, tator rods, an spacer 
of the same material. Ball bearings 
support the main shaft. The drive is 
of the worm-gear micromffter type 
with the worm cut directly on its shaft. 
In the wavemeter design, the effective 
a gular rota ion is about 270°. 

The condenser set ing is in ·cated 

*"A ew Pr ci ion Condenser," General Radio Experi­
menter, Vol. • o. 8, January, 1936. 

on the dia l and drum and ·s controlled 
from the front of the panel. There ar� 

7500 divisions for the entire effective 
angular rotation of the con den er 
rotor. The precision of condenser 
setting is better than one part in 
25,000. The plates are shaped to gi e 
an approximately linear variation in 
frequency with scale se ting. This 
makes it possible to use calibration 
charts in tabular form and to inter­
polate between points in the table. 

Se en coils are used to co er a fre­
quency range het"veen 6 kilocycles 
and 50 megacycles. The coils are woun 
on isolantite forms to give low los es 
and a high degree of stability. Each 
coil is enclo ed in a moulded hakeli-te 
case. The plug-in mounting allows the 
coil to he rotated to obtain different 
degrees of coupling. 

The resonance indicator is a rectifier­
type vacuum-tube voltm ter, a dis­
tinct advant age over the thermo­
coupl formerly u d ,  sin e 1:he danger 
of overloads burning ou1: the indicator 
is eliminated. he rectifier is coupled 
to the tuned circuit through a apac1-
tive voltage divider as shown in the 

ircuit diagram, Figure 2. 
RTHUR G. Bo Q. ET 

SPECIFI C ATIONS 

Frequenc Range: 6 k ·t 50 M . 

ccura y: 0.25%. 

Condens r: Precision worm - d rive 
type. 

Coils : Wound on is lanti te form . 

lndica tor: Rectifier - type va uum­
·tuhe voltmeter. 

Net 'V "ght: With arry1 a , 357.4; 
pound ; �" ' thout arr mg case, 18% 
pound . 

Dimensions: Carr ing a e 17% · 

13 x 12 Yz in hes o er-all. 

Cod Word: w MA'· 

Price: $190.00. 
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MEASUREMENTS AT LOW FREQUENCIES 

WITH THE RADIO FREQUENCY BRIDGE 

T
HE TYPE 516-C Radio Frequency 
Bridge� 1 although designed to oper­

ate throughout the broadcast band of 
frequen ie and up to 5 megacycles, 

an be used at all lower frequencies: 
carrier frequencies and audio :fre­
quencies, and even the power frequency 
of 60 cycles. The only important 
changes that must be made are the 
replacement of the ratio arm and out­
put transformers. This ma be readily 
accomplished because both units ar 
easily de·tachable and are mounted on 
the subpanel just below the remo able 
cover. The accur acy of measurement 
obtain.able at the lower frequencies is 
for all cases superior to that for I 

megacycle. At a frequency of I kilo­
cycle the accuracy of substitution 
measurements is limited only by that: of 
the capacitance and resistance stand­
ards used. 

The circuit u ed in the bridge i 
shown in Figure 2. ·When an unknown 
con.denser is connected to the terminals 
in the P arm, the bridge i halan ed 
for capacitance by adjustment of con­
denser CN, and for resistan e either by 
the decade resistor or by the power 
factor con.denser CA· The calibration 
of these three controls is su h as to 
make the bridge direct reading in a­

pacitance, resistance, and power factor. 
The features of th·s bridge which 

make possible its use as a direct reading 
bridge at I Mc are the equality of the 
ratio arms A and B, the use of a 
decade resistor2 compensated to 
maintain. a constant inductance at all 

IC. E. Worthen, "Improvements in Radio Frequency 

Bridge Methods for Measuring Antennas and Other 

Impedances.'' General Radio Experimen.ter, Vol. VIII, 
No. 7, Deceni.ber, 1933. 

ettin.gs and the equalizing of the 
capacitance arms for series in.du ance 
and parallel capacitance by the addi­
tion. of the inductor Lp and the con­
den er Cpo-

The ratio arm furnished with the 
bridge ha e resis ances o IOOQ. The 
power factor on.denser C_4 has a 
maxim.um capacitance of 50 µµf, giving 
a power factor range at 1 c of 3 0• 
The condenser C8 pla ed a ro the 
arm B serves merely to balance ou 
the zero capacitance of CA· The cali­
bration of the power factor dial is 
proportional to both the resistan e of 
the ratio arm and to frequen y. Hence, 

hen the bridge is used at frequencies 
below 1 Mc, the range of the po er 
factor condenser CA can he restored 
by in.crea ing t:he ratio arms. Thi i 
conveniently done in multiple of ten, 
that is, 1000-ohm arms for 100 kc, 

2R. F. Field, •• onstant Inductance Resistors, .. General 
Radio Experimenter, ol. VIII, o. 10, March, 1934. 

FIGURE 1. TYPE 516-C Radio-Frequen 
Brjd�e 
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10,000-oh:m arms for 10 kc, and 100,000-
ohm arms for 1 kc. For the power fre­
quency of 60 cycles t-he arms should be 

.667 megohms. Ratio arms of the e 
sizes are now available. 

The power factor range may be 
extended by adding a on.denser across 
the arm A with its shield con.n.ected 
to the junction of the ratio arms, so 
as not to increase the parallel capaci­
tance CPO· At a frequency of 1 kc 
with 100,000-ohm ratio arms, a total 
capacitan e of 1600 µµf will give a 
dissipation factor of unity. 

Increasing the resistance of the ratio 
arms as the frequen y is lowered ser es 
also to keep their resistance compara­
ble to the reactance of the capacitance 
arms. In general, this condition gives 
to a bridge its maximum sensitivity of 
balance. Bridge sensitivity also de­
pends on the relative position of gen­
erator and detector with respect to the 
various bridge arms., usually being 
greatest for that con.n.ection which 
allows the greate t current input to 
the bridge. With ratio arms much 
lower in impedance than the capaci­
tance arms., the generator should be 
connected across -i:he ratio arms, pro­
vided the input impedan e of -i:he 
detector is high. limit to this practice 
is set by the power dissipation allow­
able in the ratio arms. For this reason 
low voltage bridges have the generator 

FIG RE 2. Circuit of the radio­
fr q uency Lri<l.ge. ircui l cons tan LS 
are a follows: 

A, B = 00 n 
CA = 0-50 µµf 

B = 15 µµf, adj u tabl 
C = 1000 µµf, maximum 

= 0-111 n 
o, Cpo = 35 µµf 

LP = 1.2 µh, approximatel 

connected across the ratio arms and 
high voltage bridges between the 
junctions of ratio arms and capa itance 
arms. The terminals of th· s bridge are 
marked for -i:he latter connecl:ion, but 
generator and detector may be trans­
posed as occasion demands. 

The lower limit of frequen y of the 
air core transformer furni hed with the 
bridge is about 500 kc. For he lower 
frequencies TYPE 578 Shielded Trans­
formers3 are available in two model , 
having the two frequency range 2 
to 500 kc and 20 cycles to 5 kc. These 
transformers ha e nearly complete 
shields around both windings with an 
air space between the hields. This con­
struction makes the effective terminal 
capacitance to be placed a ross the 
capacitance arms about 40 µµf. dding 
this to the 35 µµf alread · in the bridge 
increases the value of CPO to about 
70 µµf. This may differ by ±10 µµ£ 
between transformers, and the ·two 
terminal capacitances in any one 
transformer may differ by 3 µµf. 
Because of -.:his latter diff ren e in 
capacitance the parallel condenser Cpo 
should be reset for each transformer, 
as mus-t also the zero adjustment con­
denser Cn. The exact alue of this 
capacitance may he measured by a 
direct capacitance measurement on a 

s.. hielded Transformers for Impedance Bridges." 

General Radio Experirne11ter. Vol. •No. 5, October, 1935. 
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PE 650- Impedance Bridge.4 It 
may also be measured on the bridge in 
which it exists by changing one of the 
ratio arms a known amount, such as by 
shunting it with a ratio arm of ten 
times its resistance. 

The capacitance and resistance 
ranges of the bridge are set by the 
inductance and resulting natural fre­
quency of the capacitance arms, and 
by the impossibility of compen ating a 
decade resistor much above lOOn. As 
the frequency is lowered these limits 
can be ertended. Terminals are pro­
vided for the addition of parallel 
capacitance and series resistance. Since 

4R. F. Field. "Direct Capacitance and Its Measurement," 
General Radio Experimenter, Vol. VIII. o. 6, overnber, 
1933. 

Frc RE 3. TYPE 578 Tran formers ar avail­

able on plug-in bases for use with the radio­

frequency bridge. The model hown in t.he 

phot.ograph can he used between the bridge 

and the a-c line for 60-cycle mea urement: 

natural frequency varies as the quare 
root of the total capacitance, it ceases 
to be an important limitation in 
capacitance below 100 kc. For the same 
reason, resistors need no longer be com­
pensated for inductance below that 
frequency; but the capacitance to 
ground of the rotor of the standard 
condenser and of the three decade 
resistors, amounting to about 00 µµf, 
will be placed across this added resist­
ance. This shunt capacitan e sets limits 
of perhaps 1000 ohms at 100 kc and 
100,000 ohms at 1 kc. 

The accuracy of the bridge for direct 
reading at the lower frequencies is 
essentially the same as for radio fre­
quencies. At a frequency of 1 kc the 
errors are, for capacitance, 5 µµf or 
1 % whichever is the greater, and for 
resistance 0. 1 ohm or 2%, provided the 
proper preliminary adjustments of the 
bridge have been made. For power 
factor the error is 0.0002 or 5% if the 
error caused by the parallel a pacitance 
Cpo is taken into account. 5 

Substitution measurements in. which 
the unknown condenser is connected in. 
parallel with the standard condenser 
are more accurate than direct measure­
ments across the bridge. The prelimi­
nary adjustments of the bridge are re­
placed by an. initial balance with the 
unknown disconnected. Losses in the 
standard con.denser are eliminated ex­
cept at high frequencies w ere the 
ohmic resistance of the condenser is 
significant. 6 

When. the calibrated con.den ers 
mounted in. the bridge are used as 
standards, any fixed condenser of 

• Jl power factor readings mUBt be increased by the 
Cpo 

factor (1 + Cp ) . 

&"Residual Impedances in the Precision Condenser; • 
General Radio Experiment.er, Vol. , No. 5, October. 
1935. 
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suiLable size may be connected in the 
P arm to ompl te the bridge circuit, 
together with sufficient resistance to 
make possible a resistance balan e 
with the added· resistor N or the power 
factor condenser CA· The error for 
capacitance is that of the standard 
condenser, 5 µµf or 1 . Small capaci­
tances of less than 20 µµf an be 
measured to an accuracy of .2 µµf or 
2% by using the small condenser which 
is connected in parallel with the main 
condenser. 

When an external precision on.­
denser is u ed as a tandard, it is 
conne ted in the P arm and the cali­
brated condenser in the bridge used 
merely as a balancing condenser. The 
unknown condenser is then connected 
across the precision condenser. The 
error for capacitance is that of the 
precision condenser, 1 µµf or .1 % for a 
direct reading on th TYPE 222-M 
Precision. Condenser or .1 µµf or .1 % 
with the application of its worm cor­
rection.7 The resistance balance can 
be made by means of the added re­
sistor N, an e tern.al decade resistor 
connected in series with the precision 
condenser or the power factor con­
denser CA· 

The power supply for the bridge may 
be either a modulated or unmodulated 
vacuum-tube os illator, depending on 
the type of detector used. 

Above 150 kc an all-wave radio 
re eiver makes a very satisfactory de­
tector when used in conjunction with 
a modula·ted os illator. A hort-wave 
receiver arranged for the reception of 
c-w signals may be used with an 
unmodulated oscil1ator. 

7R. F. Field, "Increased Accuracy with the Precision 

Condenser.'' General Radio E-cperimenU!r. Vol. , o. 5, 
October, 1935. 

Below 100 kc a resistance coupled 
ainplifier, having a gain of 80 db and 
using a copper-oxide rectifier or 
vacuum-tube voltmeter, forms the 
most onvenient detector. It mu t, 

however, be tuned s ufficiently to have 
a discrimination of at lea t 20 db 
against the second harmonic, both to 
remove the error resulting from har­
moruc and to harpen the bridge 
balance. 

In the narr w band of audio fre­
quen ies lying b tw e 0.5 and 5 k , 
head telephone may b u ed and the 
amplifier gain somewhat reduced. t 
the power frequency of 60 cycles er­
tain precautions must be taken if power 
is taken from the a-c line. The 60- y le 
sta i and magneti fields in the aver­
age laboratory are often sufliciendy 
intense ·to provide appreciable coup­
ling between generator and detector. 
While the effe t of the electrostatic 
field ma be remo ed by shielding, the 

ffect of magnetic fields at 60 c cles 
can be reduced only by removing their 
source to a sufficient distan e or b 
using astati transformers. At other 
frequencies it is also important that 
the generator have a negligible external 
magnetic field. 

The TYPE 484- Modulated 0 il­
lator, which may be u ed either modu­
lated or unmodulated, o ers th fre­
quency range down to 10 k . TYPE 
713-A and 6 3-B B a·t- �requency 0 -
cillators e tend he frequency range to 
10 cycles. The TYPE 508- Oscillator 
covers ·the audio-frequency range from 
200 cycles to 4 k in 10 di crete st p , 
while the TYPE 213 and 813 u dio 
Oscillators operate at the single fre-
q encies, 400 c les and c. TYP 
514-A and 714- Amplifiers are re­
sistance coupled amplifiers having 
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gains of 45 and 80 db, respectively, up 
to 50 kc, the latter being a-c operated. 

TYPE 578-A Shielded Trans­
form.er may be used to connect the 
bridge to the 110-volt 60-cycle supply . 

It should be used step up when con -

nected to the gen.er ator terminals and 
step down when connected to the 
detector terminals. In the form.er 
case about 400 volts will be applied 
a ro s each condenser , in the latter 
3 volts. -R. F. FIELD 

RA TIO ARMS FOR TYPE 516-C RADIO FREQUENCY BRIDGE 

Type 
516-P2 

*516-P3 
516-P4 
516-P5 
516-P6 
516-P7 

T pe 
*516-PIO 

578-A 
578-AR 
578-BR 
578-CR 

Resistance Frequency 
10 n 10 Mc 

100 n 1 Mc 
lkn 100 kc 

10 kn 10 kc 
100 kn 1 kc 

1667 kn 60 c 

SHIELDED TRANSFORMERS 

Frequency Range 
5Mc- OMc 
60 c supply 
50 c-10 kc 
20 c- 5 kc 

2 kc-500 kc 

Price 
$8.00 
15.00 
20.00 
20.00 
20.00 

*Furnished with the bridge. 

A DIRECT-READING CONDENSER FOR 

SUBSTITUTION MEASUREMENTS 

Price 
$6.00 

6.00 
6.00 
6.00 
8.00 

10.00 

F 
R capacitance measurements by 

the substitution m.ethod,1 a variable 
air condenser reading negative incre-
1nents of capacitance directly on its 

condenser is in the vicinity of 1100 µµf, 
which provides a direct-reading range 
of 1000 µµf. 

cale is a great convenience. The T"l.TE 
222-M Pre ision Cond nser, "\ hich has 
b n widely used for this purpo e, ha 
now been di continued and is replaced 
b the TYPE 722-M Precision Con-

en er. The new in tru men t is similar 
in de tails of construction to the TYPE 
722-H and TYPE 722-F Pre ision Con­
densers recent ly described . 2 

The maxim.um capacitance of the 

lR. F. Field, "An Equal-Arm Capacitance Bridge," eneral 
Radio Experimenter, VoJ. IV, o. 8, Januar , 1930. 

""A :r ew Precision Condenser,'' General Radio Experimen• 
ter. VoJ. X, No. 8, January, 1936. 

FIGURE I. External VIew of a TYPE 722 

Preci ion Conden er 
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SPECIFICATIO NS 

Capacitance Range: Direct reading 
in capacitance renwved from circuit 
over a range of 1000 µµf. 

Accuracy: 1 µµfor 0.1 %, whichever is 
larger. 

Dimensions : P aneJ., 8 x 9 Ys inches; 
d epth, 878 inches. 

Net Weigh : 11Yspounds·2074'pound s 
with carrying case. 

Type Code Word Price 
722-M COMIC 100.00 

TYPE 71 3-A BEA T-FREOUENCY OSCILLATOR 

WHEN originally announced in the 
July, 935, issue of the Experirrienter 
the TYPE 713-A Beat-Frequency Oscil­
lator was calibrated between 10 and 
16.,000 cycles per second. The actual 
:frequency range covered is greater than 
this, and, in order to take full advan­
tage of the capabilities of the instru­
ment, the upper limit of calibration 
las been extended to 20,000 cycles. 
Units currently available are calibrated 
over this larger range. 

FIG RE l. TYPE 713-A Beat-Frequency 
Oscillator 

T
HE General Radio EXPERIMENTER is mailed without charge each 

month to engineers, scientists, technicians, and others interested in 
communication-frequency measurement and control problems. When 
sending requests for subscriptions and address-change notices, please 
supply 'the following information: nalne, company nalne, corripany ad­

dress, type of business company is enguged in, and title or position of 
individual. 

GENERAL RADIO COMPANY 

30 St:�t:e Street Cambridge A, Massachusetts 
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