
VOLUME 32 No . 18 NOVEMBER., 1958 

www.americanradiohistory.com

www.americanradiohistory.com


COVER 

Te�ting of coaxial devices 
can be speeded up greatly 
through the use of the Gen­
era'! Rad io Motor-Dri v  n 
Slotted Li n e. T he p h o t o­
graph shows this line in 
us.e in the General Radio 
laboratories to test coaxial 
elements for standing-wave 
ratio. 

GENERAL RAD I 0 
• 

_wer 
Published Monthly by the General Radio Company 

VOLUME 32 • NUMBER 18 NOVEMBER, 1958 

CONTENTS 
Complete Assembly for Capacitance Measurements 

One Megacycle . . . . . . . . . . . . . . . . • . . . . .  

A New, 1-Mc Unit Oscillator . • • • • . . . • . . • . .  

Type 1421 Variable Air Capacitor-s . . . . . •  

An Automatic Capacitance Bridge . . • • . • •  

Smithsonian Institution . . . . . . . . . • . .  

at 
Page 

3 
4 
5 
6 
8 

The General Radio EXPERIMENTER is moiled without charge 
each month to engineers, scientists, technicians, and others 
interested in electronic techniques in measurement. When 
sending requests for subscriptions and address-change 
notices, please supply the fo/Jowing information: name, 
company address, type of business company is engaged in, 
and title or position of individual. 

GE 'R_AL 'RADIO COMPANY 
275 Massachusetts Avenue, Cambridge 39, Mass. 

NEW YORK: 

CHICAGO: 

PHI ADELPHIA: 

WASHINGTON: 

T olephone: TRowbridge 6-4400 

Broad Avenue at linden, Ridgefield, New ,Jersey 
Tel phone - N. Y., WOrth 4-2722 

N. J., WHitney 3-3140 

6605 West North Av nu,e, Oak Park, Illinois 
Telephone- VIiiage 8-9400 

1150 York Road, Abing on, Pennsylvanio 
Telephone-HAncock 4-7419 

8055 13th St., Silver Spring, Maryland 
Telephone -JUniper 5-1088 

LOS ANGELES: 1000 North Seward St., Los Angeles 38, Calif. 
Telephone- HOiiywood 9-6201 

SAN f,RANClSCO: 1182 Los Altos Ave., Los Alto s, Calif. 
Telephone - WHifec/iff 8-8233 

CANADA: 99 Floral Parkway, Toronto l 5, 01111tario 

EAST COAST: 

MlDWES7: 

WEST COAST: 

CANADA: 

Telephone CHerry 6-2171 

REPAIR SERVICES 

General Radin Co., Service Dept., 22 Baker Avenu&, 
Wiest Concord, Mass. 

Telephone-Concord, EMerson 9-4400 
Lincoln, Clearwater 9-8900 

General Radio Co., Service Dept., 6605 West North 
Ave., Oak Park, Illinois 

Telephone- VIiiage 8-9400 

Western Instrument Co., 826 North Vic;lory Boule� 
vard, Bul"bank, Calif. 

Telephone - Victoria 9-3013 

Bayly Engineering, Ltd., First St., Ajax, Ontario 
Telephone - Toronto EMpire 2-3741 

www.americanradiohistory.com

www.americanradiohistory.com


3 NO VEM BER, 1 9 58 � 

COMPLETE ASSEMBLY FOR 

CAPACITANCE MEASUREMENTS 

AT ONE MEGACYCLE 

Both commercial and militar specifi­

cation for capacitor of 1000 µµf and 
less call for measuremen of capacitance 
and dis ipation factor a a frequency of 
one m gacycl . The TYPE 1 10-AH 
Capacitance Measuring Assembly is 

a complete set of quipm nt for making 

these as well as other 2-t rmina l m as­

urem nt . 
Acces ories are availabl whi h en­

hance the usefulne s and conv nience 

of the assembly for specific measure­

ments. For the m asur ment of mall 

capacitors , particularly disc- ram ie 
types, the TYPE 1691-A Capacitor Test 

Fixture is recommended. With the 
TYPE 1690-A Dielectric Sample Holder, 

pecimens of di lectric mat rial in the 
form of A TM 2-inch or mall er discs 

can be mea ured . 

The TYPE 1610-AH apacitanceMeas-
uring Assembly consis s of: 

TYPE 716-CSl Capacitance Bridge 

TYPE 1214-M 1-Mc Unit 0 illator 
TYPE 1212-A Unit Null Detector 

TYPE 1212-Pl 1-M Filter 
TYPE 1203-B Unit Pow r upply 

TYPE 480-P5U 1 and TYPE 480-P4U3 

Adaptor Panel 

Relay Rack Cabinet 

Conn ction Cables and Power Cord 
Although calibrat d for a frequency 

of one megacycle, the bridg its lf can 
b us d at any frequency between 0.1 

and 5 megacycles . A variable-frequency 
oscilla or such a he TYPE 1211-B and 

a tunable sel tive det tor (or radio 
receiv r) are hen required . If corr c­

tions are applied, rated accuracy can h 
attained. 

SPECIFICATIONS 
Capacitance Range: Dir t Method, 100 to 1150 
µµf; ubstitution Method, 0.1 to 1050 µµf. 

Dissipation Factor Range: Direct Method, 0.00002 
to 0.56; Sub titution Method, 0.00002 x 

C

C' 
to 0.56 x 

C' 
whcr C' is the capacitanc 

x x 

of th int rnal standard capa itor at initial 
balanc-e and Cx that of th unknown. 
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Accuracy (at one megacycle): 
Direct Reading: Capacitanc , ±0.1 % ±1 µµf 

wh n th dissipation factor of the unknown b 
le than 0.01; Dissipation Factor, ±0.0005 

r ±2% of dial reading, whichever is larger, 
for values of D below 0.1. 

ubstitution Method: Capacitan , ±0.2% or 
±2 µµ.f, whichever is larger; Di ipation Factor, 
±0.00005 or ±2% of the change in D observed, 

when the change is less than 0.06. 
When the di ipati n factor of the unknown 

ex d the limit given ab v , additional 
errors occur in both capacitan and di ipa­
tion-f actor reading .. Corr. tion formula are 
suppli d, by m ans of which th ac uracy given 
above can be maintained. 

A orrection chart for the precision capacitor 
i uppli d, giving al orr tions to 0.1 µµf 
at multiples of 100 µµf. By u ing th e data, 
substitution measurements can b mad to 
±0.1 o/c or ±0.8 µµf, whichever is the la.rg r. 

For capacitances les than 25 µµf, the error 
will d crca lin arly to ±0. l µµf. It is also 

Type 

possible to obtain, at an extra charge, a worm­
correc ion calibration with which sub titution 
m asure1nent can be made to an ac uracy of 
0.1 % or ±0.2 µµf, whichev r i the larger. 

This sam accuracy can b obtained with 
the bridge at other frequenci s between 0.1 Mc 
and 3 Mc, if corrections are made for the e:ffe ts 
of re idual imp dance, and if adequate selec­
tivity i provid d for the null det c r. 

Accessories Available: TYPE 1690-A Di 1 tric 
Sample Holder and TYPE 1691-A Capacitor 
Test Fixture. 
Power Supply: 105 to 125 volts, 50 to 60 cycles, 
100 watts input at 115 v lin . In trument will 
op rat ati factorily on power- upply fr -
qu nci s up to 400 y 1 , provid d th t th 
supply voltage is at 1 a t 115 volt . 

Power input recepta .le will a pt ith r 
2-wire (TYPE CAP-35) or 3-wire (TYPE CAP-15) 
power c rd. Two-wire cord is suppli d. 

Dimensions: (Height) 43 x (width) 22� x 
(d pth) 20 inch s, ov r-all. 
Net Weight: 150 pounds, appr ximately. 

ode Word Price 

1610-AH Capacitance Measuring Assembly ........... . SI HEN $995.00 
Worm-Correction Cc:olibration for Internal Preci-

sion Capacitor . . . . . . . . . . . . . . . . . . . . . . . . . . • .  "WORM 

LOYAL 
EDICT 

50.00 
435.00 
22.50 

1690-A 
1691-A 

Dielectric Sample Holder . . . . . . . . . . . . . . . . . . . . •  

Capacitor Test Fixture . . . . . • . • . . . . . . . . . . • . . • •  

A NEVI, 1-MC UNIT OSCILLATOR 

The TYPE 1214-1\II Un it Oscillator is 

another of General Radio' lin of om­

pact, in xpen iv Cnit In trumer t . 

Thi oscillator generate a frequency 

of 1 megac cle per econd and is a 
u eful power ourc for bridg m ur -

m nt a that fr qu ncy. The TYPE 

1214-M i the o illa or supplied with 

the TYPE 1610-AH Capacitan e M ea -

uring As mbly. 

Thi o illator u e a Hartley circuit 

and i d igned for low distortion and 

high ou put 1 v L The outpu can b 
i olated from ground. A continuou 

rotar con rol on the panel of th 1n­

strumen vane the frequen ·y over 

a range of ± 1 o/c, whil a e ond ·ontrol 

van h output from z ro to maxim.um. 

Th built-in transforrn.erles po' er 

supply operates from a 115-volt, 40- to 

60-cycle ac line. 

SPECIFICATIONS 
Frequency: 1 Mc. 
Frequenc:y Accuracy: ± 1 o/c. 

Maximum Output: 300 mw into 50 ohms. 
Open Circuit Output Voltage: 7 volts. 
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Distortion: 3.5% with 50-ohm load. 
Power Input: 115 v, 40-60 cps. 
Power Consumption: 12 watts. 

Type 

NO VEM BER, 1958 � 
Dimensions: (H ight) 5% x (width) 5 x (d pth) 
6.%; inches. 
Weight: 2% pounds. 

Code Word Price 

1214-M Unit Oscillator, 1 Mc. • . . . . . . . . . . . . . . . . . . . . . . I ATONE $75.00 

TYPE 1421 VARIABLE AIR CAPACITORS 

The TYPE 1421-J and TYPE 1421-K 
ariable Air Capacitors are new units in 

th G n ral Radio line of instrument­

typ , parall I-plate air capacitor . Thes 
capacitors are machined from solid 

metal, in the same mann r as th TYPE 
1420 Capacitors.

1 
Thi unique method 

of construction has many advantages, 

both electri al and mechanical, over 
conventionalconstruction methods.Some 

of h e added f ea tu re are: 

Better control of thickness and straight­

ne s of plates, since machining is a mor 

precise operation than rolling. 

Elimination of cumulative spac'ing 

errors by gang milling. 

Better concentricity insured by turning 

and boring a single piece. 

Sturdier structure with high mechani­

cal stability, resulting from the integral­

plate construction. 

1 H. M. Wilson, "Type 1420 Variable Air Capacitor," 
General Radio Experimenter, Vol. 31, No. 2. July, 1956, 
pp. 7-10. 

Good linearity and control of capaci­

tance magnitude, in ured by precise ma­

chining. 
Lower metallic resistance and induct­

anc and low thermal drift, ause all 
the onducting material i homogeneou . 

Minimum microphonic tendencies, due 

to th rugg dn s of the plates. 

Elimination of irregularities in the 
capa itance-vs.-rota ion curve, because 

the tator plate are compl tely joined 

on their outer peripheri 
Elimination of crazing or other struc­

tural failur of the pol styrene dielec­

tric, b au e the in ulators ar machin d 
from a ca t bar of cro -linl d poly ty­

rene for thermal ad quac and are 

stres ed entirely in compr s1on over 

a wide ar a. 

Insured concentricity of the rotor, since 

the plat s are mill d and turned on 
a cent red arbor held by the setscr w 
exactly as the haft is ecured in as­

sembly. 
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SPECIFICATIONS 
Capacitance Range: 

Nominal Range for 
Max. Min. Linear variation 

J 575 22 540 ±20 µµf 
K 1120 29 1025 ±25 µµf 

The rotor-to-ground capacitance is about 
2.5 µµf, and the stator-to-ground capacitance is 
about 4 µµf

f 
for ail sizes. The data in th above 

table are or the capacitor used as a two­
terminal device, with rotor grounded. If stator 
i grounded, maximum and minimum capaci­
tanc value. will be decreased by about 4 µµf. 

Independent Linearity: The variation of capaci­
tanc with angle of rotation does not exc ed 
±0.3% of full cale. The angular range of 
linear variation i 160°. 

Typical linearity i bett r than ±0.15o/c. 
Dielectric Losses: For th grounded-rotor con­

ne tion, the dielectric loss s corre pond to a 
D0C0 product of le s than .01 x l0-12. The rotor­
to-ground apacitanc has a D0C0 product of 
0. 1 x 10-12. Thi lo component is in parallel 
with the main capacitance only for the 
ground d-stator connection. 
Insulation Resistance: Gr ater than 1011 ohms 
under standard ASTM laboratory onditions 
(23°C, 50% RH). 

Type 

Temperature Coefficient of Capacitance: Approxi­
mately +.003% per degre C. 

Maximum Voltage: 700 volts peak. 

Torque: 2 ounce-inches, maximum., with haft 
verticnJ. 

Net Weight: TYPE 1421-J, l pound, 8 ounces; 
TYPE 1421-K, 1 pound, 14 ounces. 

Dimensions: See sketch. 

"'f0-32TAP 
I 

3 MTG. HOLES 

.----;=.,--,.__L, '..r-> ) 
DEPTH BEHIND AllNEL 
J 3}(6 inches 
K 4Ye inches ">I,. 
SHAFT DIA. �inches ...., -t+----1iB-----l>hf ----1-11--1---1-

Code Word Price 

1 421-J 
1 421-K 

575 µµf, max . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  NABIR 
NABOB 

$ 46.50 
50.00 1 120 µµf, max ............................. . 

AN AUTOMATIC-BALANCING 

CAPACITANCE BRIDGE 
The Automatic Capa ·itan e Indi ator 

(Figure 2) produced by Barnes Dev lop­

ment Company is a self-balancing unit, 
which automatically indicates capaci-

tance and di sipation factor in an aver­

age time of 7 seconds. This instrument 

will measure capa itance from 100 µµf 

to 1. 1 µf in four ranges, and di ipation 

Figure t. Panel view 
of the Barnes Auto­
matic-Balancing Ca-

pacitance Bridge. 
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Figure 2. View of the complete bridge assembly. 

factor from 0 to 16% in thre ranges. 

The basic bridge of the indicator i 

a General Radio TYPE 716- Capaci­

tance Bridge. Serv motors op rating 
through gears accomplish the automatic 

Figure 3. Block diagram of the 
automatic capacitance bridge. 

•c• AMPLIFIER 

PHASE 
DETECTOR 

I NVERTER 

POWER 
AMPLIFIER 

NO VEM BER, 1958 � 
balancing. The accuracy of the auto­

matic unit is equal to that of th capaci­

tance bridge (capacitance, ± 0.1% ± 
1 µµf X apaci ance multiplier setting) 

when the di ipation factor of the un­

known is 1 s than 0.01; dissipation 

factor, ± 0.0005 or ± 2o/c of dial read­

ing, whichever is the larger, for alues 
of D below 0.1. 

The block diagram of the Barnes 

Automatic apa ·1 an· Bridge i hown 

in Figure 3. The error ignal from the 

detector t rminals is separated to feed 

th two channels for "C" and "D" 
balanc . Th " " hannel :i driven 

through an attenuator; the " D "  chann 1 
is fed directly. 

After pa ing through voltage ampli­

fier the ignal are f d to pha e de­

tectors. Phase discrimina ion i ach:i v d 

by d rmination of th pha e ref eren e 
voltage fed to th phas detectors. The 
"C" det tor receives an in-phase ref er­

enc while the "D" detector r c iv s 
a quadrature voltage. 

The outputs of the phase detectors 

are filtered and then inver d into phase­

reversible 60-cycle voltages by syn­

chronous choppers. After power-am­

plification the e ignal are impre s d 
on the control winding of the two-phase 
s rvo mo rs controlling the "C" and 

"D" channels. 

.--------+----t ATTENUATOR 1000 � GENERATOR 

ATTENUATOR 

0D· AMPLIFIER 

PHASE 
DETECTOR 

INVERTER 

POWER 
AMPLIFIER 

PHASE 

SPLITTER 

TYPE 716-C 
CAPACITANCE BRIDGE 

CJ ·c· .D. 

9 � 
I 

I 

I 
I 

I I 
I I 

GEAR TRA;N GiA R  TRAIN 

2-¢ MOTOR z-� MOTOR 

S AMPLE 
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