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tic Noise Measurements, Approximate Fre
quency (J. R. Cox, Jr.: June, 1953)

And Now - To Monitor Color TV (W. R. Saylor:
April, 1954)

Approximate Frequency Analysis from Weighting
Network Data in Acoustic Noise Measurements
(J. R. Cox, Jr.: June, 1953)

Assembly for Capacitance Measurements, A
Complete (December, 1953)

Audio and Ultrasonic Frequencies, A Labora
tory Amplifier for (Henry P. Hall: November,

1!'53)
Audio-Frequency Testing, A Pocket-size Tran

sistor Oscillator for (Arnold Peterson: August,
1954)

Audio Generator, The Type 1304-B Beat-Fre
quency (c. A. Woodward: June, 1954)

Automatic Display Data, A New System for (E.
Karplus: April, 1955)

Automatic Line-Voltage Regulator, An Accurate,
High-Speed (M. C. Holtje: July, 1954)

Automatic Sweep Dtive for the Slotted Line
(R. A. Soderman: April, 1955)

Automatic Voltage Regulators, Three-Phase
Operation of (M. C. Hottje: November, 1954)

Autotransformers For 350- to 1200-Cycle Service,
New Variac~ (Gilbert Smiley: July, 1954)

Autotransformer for 350- to 1200-Cycle Service,
The Type M-lO-A lO-Ampere Variac'" (No

vember, 1954)
Balanced Modulator for Pulse Applications, A

(W. F. Byers: April, 1954)
Beat-Frequency Audio Generator, The Type

1304-B (c. A. Woodward: June, 1954)
Beat-Frequency Oscillators, Motor Drives for

Precision Dials and (H. C. Littlejohn:
November, 1954)

Belgium and Eygpt, Holland-,New Distributors

(April, 1955)
Branch Office, New (June, 1954)
Bridge - A Versatile Production-Test Instrument,

The Comparison (M. C. Holtje: February,

1954)
Btidge Measurements in the College Labora

tory (J esse B. Sherman: October, 1953)
Cable Testing Consoles Use General Radio

E uipment (October, 1954)

npacitance Measurements, A Complete Assem
bly for (December, 1953)

Capacitors - M"de to Measure, Precision (P.
K. McElroy: January, 1954)

Capacitots, New Precision (January, 1954)
Capacitor Testing at 120 Cycles, Electrolytic

(Noveml,er, 1953)
Catalogs for Student Use (August, 1954)
Choral Directors, Sound-Survey Meter as an Aid

to (Brother Romard Barthel: August, 1954)

Clip-Type Lock for Type 874 Connectors, A
(J une, 1953)

Coaxial Line Measurements, Improved Slotted
Line Increases Accuracy and Convenience of
(R. A. Soderman: December, 1954)

Coaxial Transmission Lines, New Adaptors for
VHF- and UHF-TV (R. A. Soderman: Octo
ber, 1953)

College Laboratory, Bridge Measurements
in the (Jesse B. Sherman: October, 1953)

Color TV, And Now - To Monitor (W. R.
Saylor: April, 1954)

Come To The Fair (February, 1954)
Comparison Bridge - A Versatile Production

Test Instrument, The (M. C. Holtje:
February, 1954)

Complete Assembly for Capacitance Measure
ments, A (December, 1953)

Control for Assembly into Other Equipment,
Unmounted Motor Speed (October, 1954)

Coupling for Precision Dials, Recorder (May, 1955)
Current Transformer, The Variac(!) as an Ad

justable Ratio (March, 1954)
Data Display, A New System for Automatic

(E. Karplus: April, 1955)
Deliveries Are Good (April, 1954)
Detector, A New Sensitive, High-Frequency,

General-Purpose (R. A. Soderman: May, 1954)
Dials and Beat-Frequency Oscillators, Motor

Drives for Precision (H. C. Littlejohn:
November, 1954)

Dials, Recorder Coupling for Precision (May,

1955)
Dielectric Measurements Over a Wide Temper

ature Range, Two-Terminal (June, 1953)
Distributors, New: Holland-Belgium and

Eygpt (April, 1955)
Drives for Precision Dials and Beat-Frequency

Oscillators, Motor (H. C. Littlejohn:
November, 1954)

Eygpt, Belgium and, Holland - New Distribu

tors (April, 1955)
Electrolytic Capacitor Testing at 120 Cycles

(November, 1953)
Five New Variacll\) Speed Controls Round Out

the Line (W. N. Tuttle: December, 1953)
40. to 50-Me Addition to Range of Type 1021-AV

Standard-Signal Generator (March, 1955)
Frequency Analysis from Weighting-Network

Data in Acoustic Noise Measurements, Approx
imate (J. R. Cox;Jr.: June, 1953)

. @NGanged Models of Type V-2 Vanac ow
Available - (November, 1954)

General Radio Equipment, Cable Testing Con

soles Use (October, 1954)
General Radio Sales Engineers (August, 1954)
Generator, 40- to 50-1.1" Addition to Range of

Type 1021-AV Standard-Signal (March, 1955)
Generator for the 900- to 2000-Mc Range, A

Standard- Signal (March, 1955)



Generator for the Unit Line, Pulses in a Small

Package - A Pulse (R. W. Frank: March, 1954)
Generator, The Type 1304-B Beat-Frequency

Audio (c. A. Woodward: June, 1954)
Harmonic Measurements on VHF-TV Trans

mitters (R. A. Soderman: March, 1955)
High-Frequency, General-Purpose Detector,

A New Sensitive, (R. A. Soderman: May, 1954)
High Levels, Sound Measurements at Very

(Arnold Peterson: September, 1954)
High-Quality Performance at Moderate Prices,

The New 97o-Series Potentiometers -
(H. M. Wilson: January, 1955)

High-Speed, Automatic Line-Voltage Regula
tor, An Accurate (M. C. Holtje: July, 1954)

Historic Firsts - The R-C Oscillator
(November, 1954)

Holland-Belgium and Eygpt - New Distibru
tors (April, 1955)

Improved Accuracy and Convenience of
Measurements wiht Type 1602-B Admittance
Meter in VHF and UHF Bands (R. A.
Soderman: August, 1953)

Improved Slotted Line Increases Accuracy and
Convenience of Coaxial Line Measure
ments (R. A. Soderman: December, 1954)

Ink Flow On Rotating Rollers (December, 1953)
Japan, Midoriya to Distribute General Radio

Products in (October, 1954)
Laboratory Amplifier for Audio and Ultrasonic

Frequencies, A (Henry P. Hall: November,

1953)
Laboratory, Bridge Measurements in the College

(J esse D. Sherman: October, 1953)

Lines, with the Amittance eter, Measure
ments on 75-0hm (R. A. Soderman: August,

1953)

Line-Voltage Regulator, An Accurate, High
Speed, Automatic (M. C. Holtje: July, 1954)

Lock for Type 874 Connectors, A dip-Type
(June, 1953)

May - Month of Exhibits (April, 1954)
Measurements, A Complere Assembly for

Capacitance (December, 1953)
Measurements at Very High Levels, Sound

(Arnold Peterson: September, 1954)
Measurements, Improved Slotted Line In

creases Accuracy and Convenience of
Coaxial Line (R. A. Soderman: December,

1954)
Measurements in the College Laboratory,

Bridge (Jesse B. Sherman: October, 1953)
Measurements on 75-0hm Lines with the Ad

mittance Meter (R. A. Soderman: August,
1953)

Measurements on VHF-TV Transmitters,
Harmonic (R. A. Soderman: March, 1955)

Measurements with Type 1602-B Admittance
'feter in VHF and UHF Bands, Improved

Accuracy and Convenience of (R. A.

Soderman: August, 1953)
Megohmmeter Has Two Test Voltages, New

Model of the (A. G. Bousquet: December,
1954)

Midoriya to Distribute General Radio Products
in Japan (October, 1954)

Moderate Prices, The New 97o-Series Poten
tiometers - High-Quality Performance at
(H. M. Wilson: January, 1955)

Modulator for Pulse Applications, A Balanced
(W. F. Byers: April, 1954)

Monitor Color TV, And Now - To (W. R.
Saylor: April, 1954)

Motor Drives for Precision Dials and Beat
Frequency Oscillators (H. C. Littlejohn:
November, 1954)

Motor Speed Controls for Assembly into Other
Equipment, Unmounted (October, 1954)

Mounting for Unit Instruments. Relay-Rack
(S. P. Baldwin: February, 1955)

National Electronics Conference, 10th
(September, 1954)

New Adaptors for VHF- and UHF-TV Coaxial
Transmission Lines (R. A. Soderman:
October, 1953)

New Branch Office (June, 1954)
New Distributors: Holland-Belgium .and Eygpt

(April, 1955)
New Model of the Megohmmeter Has Two Test

Voltages (A. G. Bousquet: December, 1954)

Nf.W Models of Unit Oscillators (April, 1955)
New 970-Series Potentiometers - High-Qualiry

Performance at Moderate Prices, The
(H. M. Wilson: January, 195·5)

New Precision Capacitors (January, 1954)
New Sensitive, High-Frequency, General

Purpose Detector, A (R. A. Soderman:

May, 1954)
New System for Automatic Data Display, A

(E. Karplus: April, 1955)
New Variac@ Autotransformers for 350- to

1200-Cycle Service (Gilbert Smiley:

July, 1954)
Noise Measurements. Approximate Analysis

from Weighting-Network Data in Acoustic
(J. R. Cox, Jr.: June, 1953)

900- to 2000-Mc Range. A Standard Signal
Generator for the (March, 1955)

900-2000Mc Unit Oscillator, A (E. Karplus:
February, 1955)

970-Series Potentiomerers - High-Quality
Performance at Moderate Prices, The New
(H. M. Wilson: January, 1955)

Oscillator, A 900- 2000Mc Unit (E. Karplus:
February, 1955)

Oscillator for Audio-Frequency Testing, A
Pocket-size Transistor (Arnold Peterson:
August, 1954)

Oscillator for the 0.5- to 50-Me Range, A
Unit (A. G. Bousquet: Se?cember, 1953\



Oscillatot, Historic Firsts - The R-C (No
vember, 1954)

Oscillator, Unit R-C - 20 Cycles to 500 Kc
(A. G. Bousquet, A. P. G. Peterson, and
D. B. Sinclair: May, 1955)

Oscillators, Motor Drives for Precision Dials
and Beat-Frequency (H. C. Littlejohn:
November, 1954)

Oscillators, New Models of Unit (April, 1955)
Performance at Moderate Prices, The New

970-Series Potentiometers - High-Quality
(H. M. Wilson: Januaty, 1955)

Phoenix-Boston-Bethesda-Dayton (April, 1955)
Pocket-size Transistor Oscillator for Audio

Frequency Testing, A (Arnold Peterson:
August, 1954)

Potentiometers - High-Quality Performance
at Moderate Prices, The New 970-Series
(H. M. Wilson: January, 1955)

Power Supply, The Unit Vibrator (A. G.
Bousquet: February, 1955)

Power Supply, Type 1263-A Amplitude
Regulating (W. F. Byets: April, 1955)

Precision Capacitors - Made To Measure
(P. K. ~.lcElroy: Januaty, 1954)

Precision Capacitors, New (January, 1954)
Precision Dials and Beat-Frequency Oscilla

tors, Motor Drive s for (H. C. Little john;
November, 1954)

Precision Dials, Recorder Coupling for
(May, 1955)

Prices, The New 970-Series Potentiometers 
High-Quality Performance at Moderate
(H. M. Wilson: January, 1955)

Production Testing, A Simplified System of
Wave Analysis for (W. P. Buuck; July, 1953)

Production-Test Instrument, The Comparison
Bridge - A Versatile (M. C. Holtje:
February, 1954)

Pulse Applications, A Balanced Modulator

for (W. F. Byers: April, 1954)
Pulse Generator for the Unit Line, Pulses

in a Small Package - A (R. W. Frank;
March, 1954)

Pulses in a Small Package - A Pulse Gen
erator for the Unit Line (R. W. Frank:
March, 1954)

Rack Mounting for Unit Instruments, Relay
(S. P. Baldwin: February, 1955)

R-C Oscillator, Historic Firsts, The
(November, 1954)

R-C Oscillator, Unit - 20Cycles to 500 Kc
(A. G. Bousquet, A. P. G. Peterson, and
D. B. Sinclair; May, 1955)

Recorder Coupling for Precision Dials
(May, 1955)

Regulating Power Supply, Amplitude
(W. F. Byers: April, 1955)

Regulator, An Accurate, High-Speed, Automatic
Line-Voltage (M. C. Holtje; July, 1954)

Regulators, Three-Phase Operation of Auto
matic Voltage (M. C. Holtje; November,
1954)

Relay-Rack Mounting for Unit Instruments
(S. P. Baldwin; February, 1955)

Sales Engineers, General Radio (August, 1954)
See the Latest (March, 1955)
Signal Generator for the 900- to 2000-Mc Range,

A Standard (March, 1955)
Signal Generator, 40- to 50-Mc Addition to

Range of Type 1021-AV Standard, (March,
1955)

Simplified System of Wave Analysis for Pro
duction Testing, A (IV. P. Buuck; July, 1953)

Sioned Line, Auromatic Sweep Drive for the
(R. A. Soderman; April, 1955)

Sioned Line Increases Accuracy and Conven
ience of Coaxial Line Measurements, Im
proved (R. A. Soderman; December, 1954)

Sound Measurements at Very High Levels
(Arnold Peterson: September, 1954)

Sound-Survey Merer as an Aid to Choral Di
rectors (Brother Romard Barthel: August,
1954)

Speed Controls for Assembly inco Other Equip
ment, Unmounted Motor (October, 1954)

Speed Controls Round Our the Line, Five
New Variac® (W. N. Turtle: December, 1953)

Standard-Signal Generator, 40- to 50-Mc Addi
tion to Range of Type 1021-AV (March, 1955)

Srandard-Signal Generator for the 900- to 2000
Mc Range, A (March, 1955)

Student Use, Catalogs for (August, 1954)
Sweep Drive for the Slotted Line, Auromatic

(R. A. Soderman; April, 1955)
10th National Electronics Conference

(September, 1954)
Testing, A Simplified System of Wave Analy

sis for Production (W. P. Buuck: July, 1953)
Testing at 120 Cycles, Electrolytic Capacitot

(November, 1953)
Testing, A Pocket-size Transistor Oscillatot

for Audio-Frequency (Arnold Peterson;
August, 1954)

Testing Consoles Use General Radio Equip
ment, Cable (October, 1954)

Three-Phase Operation of Automatic Voltage
Regulators (M. C. Holtje: November, 1954)

Transformer, The Variac@as an Adjustable
Ratio Current (March, 1954)

Transistor Oscillator for Audio-Frequency
Testing, A Pocket-size (Arnold Peterson:
August, 1954)

Transmission Lines, New Adaptors fot VHF
and UHF-TV Coaxial (R. A. Soderman;
October, 1953)

Transmitters, Harmonic Measurements on
VHF-TV (R. A. Soderman; March, 1955)

TV, And Now - To Monitor Color (W. R.
Saylor: April, 1954)



Two-Terminal Dielectric Measurements Over
a Wide Temperature Range (June, 1953)

Type M-lO-A 10-Ampere Variac~ Autotrans
former for 350- to 1200-Cycle Service, The
(November, 1954)

Type V-2 Variac ilP Now Available, Ganged
Models of the (November, 1954)

Type 874-QU3 UHF Adaptor - New Adaptors
fo"r VHF- and UHF-TV Coaxial Transmission
Lines (R. A. Soderman: October, 1953)

Type 1021-AV Standard-Signal Generator,
40- to 50-Mc Addition to Range of (March,
1955)

Type 1263-A Amplitude-Regulating Power
Supply (W. F. Byers: April, 1955)

Type 1304-B Beat-Frequency Audio Generator,
The (C A. Woodward: June, 1954)

Type 1307-A Transisror 0 cillator - A Pocker
size Transistor Oscillator for Audio-Frequen
cy Testing (Arnold Peterson: August, 1954)

Type 1750-A Sweep Drive - A New System for
Automatic Data Display (E. Karplus: April,

1955)

Type 1750-A Sweep Drive - Type 1263-A
Amplitude-Regulating Power Supply
(W. F. Byers: April, 1955)

Type 1803-B Vacuum-Tube Voltmeter, The
(C A. \l'oodward: March, 1955)

UHF Bands, Improved Accuracy and Con
venience of Measurements with the Type
1602-B Admittance Meter in VHF and
(R. A. Soderman: August, 1953)

Unit Instruments - A Laboratory Amplifier
for Audio and Ultrasonic Frequencies
(Henry P. Hall: November, 1953)

Unit Instruments, Relay-Rack iounting for
(S. P. Baldwin: February, 1955)

Unit Instruments - The Unit Vibraror Power
Supply (A. G. Bousquet: February, 1955)

Unit Line, Pulses in a Small Package - A
Pulse Generator for the (R. W. Frank:
March, 1954)

Unit Oscillator, A 900-2000Mc (E. Karplus:
February, 1955)

Unit Oscillatot for the 0.5- to 50-Mc Range,
A (A. G. Bousquet: September, 1953)

Unit Oscillators, New Models of (April, 1955)
Unit R-C- Oscillator - 20 ycles to 500 Kc

(A. G. Bousquet, A. P. G. Peterson, and
D. B. Sinclair: May, 1955)

Unit Vibrator Power Supply, The (A. G.
Bousquet: February, 1955)

Unmounted Moror Speed Control for Assembly
into Other Equipment (Octobe , 1954)

Vacuum-Tube Voltmeter, The Type 1 11>,-r;

(C A. Woodward: March, 1955)
Variac~ as an Adjustable Ratio Current

Transformer, The (March, 1954)
VariacG!> Autotransformers for 350- to 120u

Cycle Service, New (Gilbert Smiley:
July, 1954)

Variac~ Autotransformer for 350- to 1200
Cycle Service, The Type M-10 - A 10
Ampere (November, 1954)

Variac~ Now Available, Ganged Models of
the Type V-2 (November, 1954)

Variacl!!> Autotransformer, Type M-lO 10
Ampere (November, 1954)

Variac@ Speed Controls Round Out the Line,
Five New (W. N. Tutrle: December, 1953)

VH F-TV Transmitters, Hatmonic Measurements
on (R. A. Soderman: March, 1955)

VHF and UHF Bands, Improved Accuracy
and Convenience in ieasuremenrs with the
Type 1602-B Admittance Meter in (R. A.
Soderman: August, 1953)

Vibrator Power Supply, The Unit (A. G.
Bousquet: February, 1955)

Voltage Regulator, An Accurate, High-Speed
Line (M. C. Holtje: July, 1954)

Voltage Regulators, Three-Phase Opetation
of Automatic (M. C Holtje: November, 19"54)

Voltmeter, The Type 1803-B Vacuum-Tube
(c. A. Woodward: March, 1955)

Wave Analysis for Production Testing, A
Simplified System of (W. P. Buuck:

July, 1953)
We Sell Direct (January, 1954)

INDEX BY INSTRUMENT TYPE NUMBER

Type DNT Detector Assemblies - A New
Sensitive, High-Frequency, General-Purpose
Detector (R. A. Soderman: May, 1954)

Type DNT-2 Detector - Harmonic Measure
ments on VHF-TV Transmitters (R. A.

Soderman: March, 1955)
Type M-2 Variac"- New Variac~ Autotrans

formers for 350- to 1200-Cycle Service
(Gilbert Smiley: July, 1954)

Type M-5 VariaCSl Autottansformer - New
Variac Autotransformers for 350- to 1200
Cycle Service (Gilbert Smiley: July, 1954)

Type M-lO Variac® - The Type M-I0 - A
10-Ampere Variac lID Autotransformer for
350-1200-Cycle Service (November, 1954)

Type V-20M Variac@ Autotransformer - Cable
Testing Consoles Use General Radio
Equipment (October, 1954)

Types 480-P Relay-Rack Panels - Relay
Rack Mounting for Unit Instruments
(S. P. Baldwin: February, 1955)

Type 716-C Capacitance Bridge - Cable
Testing Consoles Use General Radio Equip
ment (October, 1954)



Type 7l6-CR Capacitance Bridge - A Com
plete Assembly for Capacitance Measure
ments (December, 1953)

Type 7l6-P4R Guard Circuit - A Complete
Assembly for Capacitance Measurements
(December, 1953)

Type 722-MD Precision Capacitor - New
Precision Capacitors (January, 1954)

Type 722-ME Precision Capacitors -New
PrecisJOn Capacitors (January, 1954)

Type 723-C lOOO-Cycle Vacuum-Tube Fork
Cable Testi'lg Consoles Use General
Radio Equipment (October, 1954)

Type 759-1'25 Dy"omic Microphone Assembly
Sound Measuremems at Very High Levels
(Arnold Peterson: September, 1954)

Type 874-Coaxial Connectors - New Adaptors
for VHF- and UHF-TV Coaxial Transmission
Lines (R. A. Soderman: October, 1953)

Type 874 Connectors - A Clip-Type Lock for
Type 874 Connecrors (June, 1953)

Type 874-C8 and 874-C62 Cable Connectors;
Type 874-LK Constant-Impedance Adjust
able Line; Type 874-WO, 874-W03, 874-WN,
874-WN3 Terminations - Measurements on
75-0hm Lines with the Admittance Meter.
(R. A. Soderman: August, 1953)

Type 874-FR Rejection Filters - Harmonic
Measurements on VHF-TV Transmitters
(R. A. Soderman: March, 1955)

Type 874-LBA Slotted Line - Automatic
Sweep Drive for the Slotted Line (R. A.
Soderman: April, 1955)

Type 874-LBA Slotted Line - Improved
Slotted Line Increases Accuracy and Conven
ience of Coaxial Line Measurements
~December, 1954)

Type 874-LK ConstanHmpedance Adjustable
Line, Type 874-M Component Mount 
Improved Accuracy and Convenience of
Measurements with Type 1602-B Admittance
M~ter in VHF and UHF Bands (R. A. Soder
man: August, 1953)

Type 874-MD Slotted-Line Motor Drive 
Automatic Sweep Drive for the Slotted Line
(R. A. Soderman: April, 1955)

Type 874-MR Mixer Rectifier - A New Sensi
tive, High-Frequency, Gen~ral-Purpose

Detecror (R. A. Soderman: May, 1954)
Type 874-QV2A Adaptor - New Adaptors for

VHF- and UHF-TV Coaxial Transmission
Lines (R. A. Soderman: October, 1953)

Type 874-Y Cliplock - A Clip-Type Lock for
Type 874 Connectors (June, 1953)

Type 907 and 908 Gear-Drive Precision Dials 
Recorder Coupling for Precision Dials (May,

1955)
Type 908-1'1 and -1'2 Dial Drives - Motor

Drives for Precision Dials and Bear-Fre
quency Oscillators (H. C. Littlejohn:

November, 1954)
Type 970-Series Potentiometers - The New

970-Series Potentiometers - High-Qualiry
at Moderate Prices (January, 1955)

Type 1000-1'7 Balanced Modulator - A Balanced
Modulator for Pnlse Applications (W. F.
Byers: April, 1954)

Type lO21-AV Standard-Signal Generator 
40- to 50-Me Addition to Range of Type
1021-AV Standard-Signal Generaror (March,
1955)

Type 1021-AW Standatd-Signal Generator
A Standard-Signal Generator for the 900- to
2000-Mc Range (March, 1955)

Type 1021-1'4 Power Supply - A Standard
Signal Generator for the 900- 2000Mc Range
(March, 1955)

Type 1021-1' 3B Oscillator Unit - 40- to 50-Me
Addition to Range of Type 1021-AV Standard
Signal Generator (March, 1955)

Type 1I81-AT Color Subcarrier Monitor 
And Now - To Monitor Color TV (W. R.
Saylor: April, 1954)

Type 1202-A Vibrator Supply - The Unit
Vibrator Power Supply (A. G. Bousquet:
February, 1955)

Type 1203-A Unit Power Supply - The Unit
Vibrator Power Supply (A. G. Bousquet:
February, 1955)

Type 1206-B Unit Amplifier - A Laboratory
Amplifier for Audio and Ultrasonic Frequen
cies (Henry P. Hall: November, 1953)

Type 1208-B Unit Oscillator, 65-500 Me -
New Models of Unit Oscillators (April, 1955)

Type 1209-B Unit Oscillator, 250-920Mc 
New Models of nit Oscillators (April, 1955)

Type 1210-B Unit R-C Oscillator - Unit R"C
Oscillator - 20 Cycles to 500Kc (A. G. Bous
quet, A.P.G. Peterson, and D. B. Sinclair:
May, 1955)

Type 1210-1' 1 Detector and Discriminator 
Unit" R-C- Oscillator - 20 Cycles to 500 Kc
(A. G. Bousquet, A.P .G. Peterson, and D.B.
Sinclair: May, 1955)

Type 1211-A Unit Oscillator - A Unit Os
cillator for the 0.5- to 50-Me Range (A.p.
Bousquet: September, 1953)

Type 1215-B Unit Oscillator, 50-250Mc - New
Models of Unit Oscillators (April, 1955)

Type 1216-A Unit I-F Amplifier - A New
Sensitive, High-Frequency, General-Purpose
Detector (R. A. Soderman: May, 1954)

Type 1217-A Unit Pulser - Pulses in a Small
Package - A Pulse Generator for the Unit
Line (R. W. Frank: March, 1954)

Type 1218-A Unit Oscillator - A 9OD-2000Mc
Unit Oscillator (E. Karplus: February, 1955)

Type 1231-B Amplifier and Null Detector
Cable Testing Consoles Use General Radio
Equipment (October, 1954)



Type 1231-BRFA Amplifier and Null Detector
and Filter - A Complete Assembly for Capa
citance Measurements (December, 1953)

Type 1231-P5 Filter - Cable Testing Consoles
Use General Radio Equipment (October, 1954)

Type 1263-A Amplitude-Regulating Power
Supply - Type 1263-A Amplitude-Regulating
Power Supply (W. F. Byers: April, 1955)

Type 1302-A Oscillator - A Complete Assem
bly for Capacitance Measurements (December,
1953)

Type 1302-A Osctllator - Cable Testing Con
soles Use General Radio Equipment (Octo
ber, 1954)

Type 1303-A Two-Signal Audio Generator 
Recorder Coupling for Precision Dials
(May, 1955)

Type 1303-A Two-Signal Generator - Motor
Drives for Precision Dials and Beat- Fre
quency Oscillators (H. C. Littlejohn; Novem
ber, 1954)

Type 1304-A Beat-Frequency Audio Generator
Motor Drives for Precision Dials and Beat
Frequency Oscillators (H. C. Littlejohn;
November, 1954)

Type 1304-B Beat-Frequency Audio Generator 
Recorder Coupling for Precision Dials
(May, 1955)

Type 1304-B Beat-Frequency Audio Generator
The Type 1304-B Beat-Frequency Audio Gen
erator (c. A. Woodward: June, 1954)

Type 1530 Microflash - Ink Flow On Rotating
Rollers (December, 1953)

Type 1551-A Sound-Level Meter - Sound Mea
surements at Very High Levels (Arnold
Peterson: September, 1954)

Type 1551-P 1 Condenser Microplnne System 
Sound Measurements at Very High Levels
(Arnold Peterson: September, 1954)

Type 1551-P 11 20db Pad - Sound ~feasure

mems at Very High Levels (Arnold Peterson:
September, 1954)

Type 1555-A Sound-Survey Meter - Approxi
mate Frequency Analysis from Weighting
Network Data in Acoustic Noise /.feasure
menrs (J. R. Cox, Jr.: June, J.953)

Type 1555-A Sound-Survey ~Ieter - Sound'S,ir
vey Meter as an Aid to Choral Directors
(Brother Romard Barthel: August, 1954)

Type 1;70-A Automatic Voltage Regulator -

An Accurate, High-Speed, Automatic Line
Voltage Regulator (M. C. Holt;e: July, 1954)

Type 1570-A 'Automatic Voltage Regulator 
Three-Phase Operation of Automatic Voltage
Regulatots (M. C. Holtje: November, 1954)

Type 1602-B Admittance Meter - Impr ved
Accuracy and Convenience of Measurements
with Type 1602-B Admittance Meter in VHF
and UHF Bands (R. A. Soderman: August,
1953)

Type 1604-B Comparison Bridge - The Com
patison Bridge - A Versatile Production
Test Instrument (M. C. Holtje: February,
19·54)

Type 161O-A Capacitance Measuring Assembly
A Complete Assembly for Capacitance
1easurements (December, 1953)

Type 1611-AS2 Capacitance Test Btidge 
Electrolytic Capacitor Testing at 120 Cycfes
(November, 1953)

Type 1690-A Dielectric Sample Holder - A
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ments (December, 1953)

Type 1690-A Dielectric Sample Holder - Two
Terminal Dielectric Measurements Over a
Wide Temperature Range (June, 1953)

Type 1700, 1701, 1702,1703,1704, and 1705
Variac® Speed Controls - Five New Variac
Speed Controls Round Out the Line (W. N.
Tuttle: December, 1953)

Type 1700, 1701, 1702, 1703, 1704, and 1705
Variaclll>Speed Comrols - Unmounted Motor
Speed Controls fot Assembly into Other
Equipment (October, 1954)
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April, 1955)

Type 1803-B Vacuum-Tube Voltmeter - The
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(c. A. Woodward: March, 1955)
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Figure 1. View of the Type 1215-A Unit Oscillator.

IEduard Karplus, "Y-lI-F and l~-lI-F l-nit Oscillators," Gl'1Hral Radio E'rptrinlf'uttT. '·01. XXIV,
Ko. 12, page 7, :\1ay, 19.>0.
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A NEW UNIT OSCILLATOR-50 to 250 Me
(TYPE 1215-A)

• GENERAL RADIO Unit Os<;illators,'
particularly those covering the v-h-f and
u-h-f ranges, have found a \\'ide acceptance
in the electronics industry as po\\'er sources
for use in measurements and testing, These
compact, lo\\'-priced units co\'er \\'ide fre
quency ranges wi th single-dial control, fur
nish adequate po\\'er for measurement pur
poses, and are equipped \\'ith coaxial fit-
ting at the output terminal to facilitate

connection to coaxial equipment.
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Two models have hitherto been avail
able, the TYPE 1209-A, which has a fre
quen 'y range of 250 to 920 megacycles,
thu including all u-h-f television chan
nel , and the TYPE 1208-A, 65 to 500
megacycles. A new model, TYPE 1215-A,
\\'hich will be available for sale next
month, covers a frequency range of 50
to 250 megacycles. Both the TYPE
1209-A and the TYPE 1215-A Unit Oscil
lators u e butterfly'-type tuning units
that are, essentially, the same as those
used in the oscillator sections of the
TYPE 1021-AU and 1021-AV Standard
Signal Generators.

3
Their frequency

stability and their precision of setting
are very good. Hence they can be used
with confidence for applications that in
volve heterodyning the operating fre
quency to produce low-frequency beats.

The TYPE 1208-A Unit Oscillator has
the important advantage of a consider
ably wider frequency range, which is
obtained at some sacrifice of stability
and ease of setting. The tuned circuit in
this unit is a sliding contact type, which
is inherently less stable than the butter
fly. There has, therefore, been a definite
need for a more stable unit oscillator
in the v-h-f range.

Figure 2. Interior view of the Type 1215-A Unit Oscil
lator with shield cover removed.

Like other General Radio Unit Oscil
lators, the TYPE 1215-A operates from
the TYPE 1203-A Unit Power Supply,'
connection being made through a multi
point connector. The oscillator tube is a
12AT7-type twin-triode miniature, op
erating in a push-pull circuit. The oscil
lator unit with its cast aluminum sup
port is mounted on an L-shaped bracket
which serves as panel and base. A cylin
drical shield is clamped over the oscil
lator to keep leakage to a minimum. As
in the TYPE 1209-A, the output coupling
system is a short length of50-ohm coaxial
line with a coupling coil at one end and
a TYPE 874 Coaxial Connector at the
other end. The assembly is mounted on
the cylindrical shield, and the output
level is set by rotating or retracting the
output assembly. A large wing nut per
mits clamping the output coupling as
sembly firmly in any selected position.

Modulation terminals are provided
in the cathode circuit for amplitude
modulating the new oscillator over the

2Eduard Karplus, "The Butterfly Circuit," General
Radio Experimenw, Vol. XIX, No, 5, October, 1944.

3Eduard Karplus and E. E. Gross, "A Standard-Signal
Generator for Frequencies between 50 and 920 l\Ic,"
General Radio Experimenter, Vol. XXIV, r o. 10, March,
1950.

..... ew Unit lnstruments- Power upplies-l\Iodula
tor," General Radio Experimenter, Vol. XXVI, No.2, July,
1951.

Figure 3. Elementary schematic circuit diagram of the
oscillator.

6f./rrERFLY rUNING VNIT\
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TYPE 874-V1
VOLTMETER
INDICATOR

TYPE 874-R20
PATCH CORD

TYPE 874-WN
SHORT CIRCUIT

TYPE 874-VR
VOLTMETER RECTIFIER

TYPE 874-GA
ADJUSTABLE
ATTENUATOR

TYPE 874-LA
ADJUSTABLE

LINE

ONE TO FOUR
TYPE 874 - L20

AIR LINE

1215-A
UNIT

OSCILLATOR

Figure 4. The Unit Oscillator can be assembled with simple auxiliary equipment
to form a test-signal generator.

audio frequency range. The TYPE 1214-A
Unit Oscillator' (400 and 1000 cycles) is
well suited for use as the modulating
oscillator and provides about 25 per
cent amplitude modulation. If ampli
tude modulation with no significant inci
dental f-m is desired, the output can be
modulated with the TYPE 1023-A Modu
latorS (up to 220 Mc) or with the TYPE
1000-P6 Crystal Modulator."

USES
The usefulness of General Radio u-h-f

and v-h-f unit oscillators is greatly en
hanced by the availability of coaxial
accessories, by means of which the oscil
lators can be conveniently adapted for
specific purposes. Important among
these are the TYPE 1000-P6 Crystal
Diode Modulator" and the TYPE 874-MR
Mixer Rectifier: The crystal modulator
permits the output to be picture modu
lated, thus converting the oscillator to a

sD. B. Sinclair, "A Versatile Amplitude Modulatorfor
V-H-F Standard Signal Generators," General Radio
Experimenter, Vol. XXIV, No.6, November, 1949.

·W. F. Byers, "An Amplitude Modulator for Video
Frequencies." General Radio Experimenter, Vol. XXIV,
No. 10, March, 1950.

test-signal generator for television fre
quencies. With the mixer rectifier, the
unit oscillator is used as the local oscil
lator of a heterodyne converter system
with a communications receiver as the
i-f detector. This system is a universal
null detector for high frequencies. It has
the further advantage that much less
shielding is required than is necessary
when the detector and the generator
operate at the same frequency.

The output connector is a General
Radio TYPE 874 Coaxial Connector
which allows connection to be made
directly to the various coaxial elements
of the TYPE 874 series, as well as the
TYPE 874-LB Slotted Line and the
TYPE 1602-A U-H-F Admittance Meter.
Connection to other coaxial types can
be made through TYPE 874_ps Adap
tors, which are available for both plug
and jack types of N, BNC, C, and
U-H-F connectors.

- A. G. BOUSQUET

7W. R. Thurston, "Simple, Complete Coaxial Measur
ing Equipment for the U-H-F Range," General Radio
Experimenter, Vol. XXIV, No.8, January, 1950.

8R. A. Soderman, "New Coaxial Accessories," General
Radio EX)Jerimenter, Vol. XXVII, No.5, October, 1952.

Figure 5. The Crystal Diode Modulator permits the oscillator to be modulated at video frequencies
for testing television receivers.

UNIT
OSCILLATOR

"'TYPE 874-GF
FIXED ATTENUATOR

TELEVISION
j:t1J======,==R~E~~CEIVER

TEST OUTPUT
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Figure 6. Typical curves of output vs. frequency for
the Type 1215-A Unit Oscillator.

Figure 7. The Unit Oscillator and Mixer Rectifier used
as a frequency converter.

SPECIFICATIONS
55 volts at 400 or 1000 cycles and will yield
about 25 ppr cent modulation. The TVPE
1000-P6 Crystal Diode Modulator can be lL~ed

for modulation at video frequencies essentially
free of fm. TVPE 1023-A Amplitude Modulator
can be used (up to 220 Mc) to obtain accurately
calibrated amplitude modulation with no
incidental fm.
Tube: TYPE 12AT7 miniature twLn-triode which
is supplied with thc instrument.
Mounting: The oscillator is mounted in an
aluminum casting and is shielded with a spun
aluminum cover. The assembly is mounted on
an L-shaped panel and chassis.
Accessories Supplied: TYPE 874-R20 Patch Cord,
TVPE 874-C Cable COlmector, TYPE 874-P
Panel Connector, and TVPE CDMS-466-4
Multipoint COlmector.
Accessories Available: TVPE 1000-P6 Modulator,
TVPE 1023-A Modulator, TVPE 1203-A Power
Supply, TVPE 1204-B Power Supply, TYPE
1214-A Oscillator, and the TVPE 874 CoaxiflJ
Elements uch as adaptors, attenuators, volt
meters, mixer, etc.
Dimensions: 7 X 8 x 9Y2 inches, over-all.
Net Weight: 7Y2 pounds.

Frequency Range: 50-250 Mc.
Tuned Circuit: A scmi-butterfly with no sliding
contact.
Frequency Control: A 6-inch dial with direct fre
quency calibration over 140 degrers. Slow mo
tion drive, 4:1 ratio.
Frequency Colibration Accuracy: 1 prr crn t at no
load.
Warm-up Frequency Drift: 0.4 pCI' cent.
Output System: Short coaxial linr with a cou
pling loop at one end and a TYPE 874 Coaxial
Conncctor on the other end. Maximwll powrr
can be delivcrrd to load impedance. normally
encountered in coaxial ·ystems.
Output Power: At least 80 milJiwatts into a
50-ohm load.
Power Supply Requirements: 370 volts doc at 25
rna and 6.3 volts a-c or doc at 0.3 ampere. The
TVPE 1203-A Unit Power Supply is recom
mended.
Modulation: Direct amplitude modulation over
the audio-frequency range can be obtained with
an pxternal audio oscillator. The impedance at
the modulation terminals is about 15,000
ohms. A convenient audio source i the TVPE
1214-A Unit Oscillator which will deliver about

Type

1215-A \ Unit Oscillator, *50 to 250 MC \
1203-A Unit Power Supply ....................•......

·U. S. Patents No.,. 2.:J67.fi81; 2.548A57; 2,125.816.

Code Word

ADOPT
ALIVE;

Price

$190.00
47.50

SOUTHWESTERN I.R.E. CONFERENCE

General Radio products will be ex
hibited in Booths 6 and 7 at the South
western I.R.E. Conference and Elec
tronic Show to be held at the Pla.za
Hotel, San Antonio, February 5, 6, and
7. The General Radio exhibit will in
clude equipment for the measurement

of sound and noise, u-h-f impedance
measuring devices, and bridges for pro
duction testing. Members of our en
gineering staff will be in attendance.
Drop in and talk over your measure
ment problems with us.
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MEASUREMENTS

OIL

FACTOR
TRANSFORMER

TEST CELL FOR POWER

ON
An improved test cell for the power

factor testing of insulating oil used in
transformers is described in a recent
article in Electric Light and Power.' The
conventional test cell gave results that
were often erratic and too low for ac
curate reading when the water content
in the oil was small.

To improve the accuracy of the
measurements, the oil samples were
passed through filter paper, and the
filter paper was then tested between
flat-plate electrodes. The consistent re
sults obtained led to the design and con-
truction of the test cell shown in Figure

]. A disk of filter paper, previously
heated to eliminate moisture, is clamped
between metal electrodes, which are
perforated to allow the oil to pass
through. The dissipation factor is meas
ured on a General Radio TYPE 740-BG
Capacitance Test Bridge: An initial
reading without oil is taken as a check
on the dryness of the paper.

A sample of the oil to be tested is then
poured in the upper container. The

Figure 2.

,

I 1/,
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~V _
~·---I·-EmPty cell with dry filter popel"
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~
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o....
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5 15 20

WATER ADDED -PARTS PER MILLION

ol--l-.,l-.,.l.--[.l.--.L..-.L..-..L..-..L..-...L..-J
o 20 40 60 60 100

% OF SAMPLE PASSED THRU FIL TER

moisture is held by the filter paper,
while the oil passes through, and the
power factor rises in proportion to the
moisture content of the oil, a shown in
Figure 2.

According to the author, absorption
of moisture by the filter paper simulate
the actual conditions in a transformer,
in which ,vater carried by the oil is ab
sorbed by the organic insulating ma
terials on the winding. The filter paper
soaks up water to about the same ex
tent as the transformer insulation.

IE, C. Schurch. "Improved Test Cell Stabilizes Oil
:Nleasurmnents," Electric Light and Power, July, 19.52.

"This bridge ba been discontinued. but the current
TYPE 1611-A Capa('itanc'c T('st Bridge ra.n be used
equally well.

Pressure
plunger."

I~~Effii~~j_~~'"\T .)Low loss
• insulating

materiel.

-.Filter popel"

Capacitance

Bridge

Receiver

Figure 1.
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VARIAC® SPEED CONTROL HELPS TO

DEMONSTRATE SIMPLE HARMONIC MOTION

6

The close adjustment of d-c motor
speed obtainable with the Variac® Speed
Control is well illustrated by a demon
stration used by the Physics Depart
ment of Cornell University. A horizontal
turntable is rotated just below an oscil
lating pendulum, and, when the turn
table speed is properly adjusted, the
shadow of a ball mounted on the periph
ery of the turntable will track closely
with the shadow of the pendulum. This
demonstration aptly illustrates theequiv-

alence of simple harmonic motion and
the projection of uniform circular mo
tion, a concept on which mathematical
analysis of periodic mechanical motion
and a-c electrical operation is based.

The Physics Department informs us
that this experiment had been unsuc
cessful in the past because of the diffi
culty in making the turntable speed
correspond precisely to the period of
the pendulum. The Variac Speed Con
trol now does the job perfectly.

AIR CURRENTS MADE VISIBLE

This interesting Strobolume photo
graph comes to us through the courtesy
of Prof. F. N. M. Brown, Head of the
Department of Aeronautical Engineer-

ing at the University of Notre Dame,
and was taken in the wind tunnel at
that institution. The propeller (left) is
one foot in diameter and is turning at



7

4080 rpm. The air speed is about 45 feet
per second, design advance for the
model propeller.

The smoke that makes the air cur
rents visible is produced by burning
wheat straw under a slight pressme, but
with insufficient oxygen. Tars are re
moved from the smoke by condensation
in a bank of water-cooled pipes and by
filtering.

The General RactioTYPE 1532-B Strob
olume i the light source used for pho
tography. The duration of the light flash
from this instrument is about two one
hundred-thousandths of a second. Con
ventional camera equipment was used,
with a lens opening of f6.3. The film was
Eastman Type B. To produce extreme
contrast, the film is overdeveloped in
D-ll, developing time being fifteen min
utes instead of the usual five.

JANUARY, 1953

Smoke teclmiques in this wind tunnel
have been used for the study of many
phases of fundamental aerodynamics, re
sults of which were reported by Professor
Brown in a paper presented at the
Second Midwestern Conference on Fluid
Dynamics.

NEW BRANCH PLANT
(concluded)

In our last issue we noted the opening
of our new manufacturing branch in
West Concord, Massachusetts, which
first went into operation in April, 1952.

Production has been steactily increas
ing, and now the plant is in virtually full
operation.

It i by no means a simple operation
to increase the production of precision
equipment. It is necessarily a careful
process if the quality and accuracy of
the finished products are to be main
tained. Operations of the new plant are
now, however, going smoothly, and the
beneficial effect of this added capacity
is already attested by the fact that many
popular items, inclucting Variacs, Strob
otacs, and impedance bridges, are avail-

able either from stock or with no more
than thirty days' delay in delivery.

Our main offices and about two-thirds
of our manufacturing operations are still
at the Cambridge plant where all com
munications to the Company should be
addressed.
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MISCELLANY

8

RECENT VISITORS from o\"er ea to
the General Hadio plant and labora
tories include 1\11'. Michael Nomikos,
Director of ommunications, Civil Avia
Lion Department, Greek Ail' Ministry,
Athens; Mr. Andre Danzin, Director
General of Societe Le Condensation
Ceramique, Paris; and Mr. Paul Fabri
cant of Radiophon, Pari , exclu ive rep
resentative for General Radio product
in France and the French Colonies.

CREDITS-The TYPE 14 2 Standard
Inductor described in the November
Experimenter were originally developed
by Robert F. Field. Manufacturing
techniques and mechanical design were
handled by II. S. Wilkins. After 11'.
Field's retirement in December, 1950
the project \Va completed by H. W.
Lam on.

Like the TYPE 1652-A Resistance
Limit Bridge de cribed in the January,
1952, Experimenter, the TYPE 160.J:-A
Comparison Bridge described la t month
i the outgrowLh of a survey of General

nadio's own production-te't require
ments. Prototype version have been in
use in our own laboratories and shops
for several year.

Several engineers contributed to the
development of this instrument. The
early development was done by A. M.
Eames under the direction of D. B.
Sinclair. Several features of mechanical
design \\'ere contributed by H. C. Little
john, wrule the author of the foregoing
article completed the over-all develop
ment.

INSTRUCTION MANUAL
FOR THE ADMITTANCE METER

A complete instruction manual for
the TYPE 1602-A U-H-F Admittance
Meter is now available. Copies have
been sent to all who returned the card'
that were enclosed with admittance
meter already rupped. If you are u ing
the admittance meter and have not yet
received a copy of the instruction book,
plea e request it on your company
letterhead.

TilE General Nadio EXPERIME TB/{ is nwiled wit/wnt charge each
Inonth lo engineers, scientists, technicians, and others interested

in conunnnication-jreqnency rneasurelnent and control proble1ns.
""hen sending requesls jor snbscriptions and address-change notices,
please supply the jollowing injornwtion: ncune, cOlnpany address, type
of business company is ell gaged in, and title or position oj individnal.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH0 NE: TR owbrldge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6. NEW YORK

90 WEST STREET
TEL.-WOrth 2·5831

LOS ANGELES 38, CAliFORNIA
1000 NORTH SEWARO STREET

TEL.-HOllywood 9·6201

CHICAGO 5, ILLiNOtS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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TYPE 1212-A UNIT NULL DETECTOR

• THE ADDITION of the TYPE 1212-A
"Cnit l\ull Detector to the unit instruments
already announced' marks another step to
wards the completion of a comprehensive
set of building-block instruments.

In recogni tion of the increasing com
plexity of measuring equipment, the unit
instruments have been designed, indi\'idu
ally, to perform fundamental ta ks simply
and \\·ell. Taken in combination, they have
al 0 been planned to \\'ork cooperatively in
y tems of greater complexity. Sound elec

trical circuitry, combined with mechanical de ign that incorporates
only the e sential features, makes these in tl'uments the equal in
quality of any made by General Radio. They are mall in size, light.

Figure 1. Panel view of the Unit Null Detector. The plug at the left connects ta the Type 1203,A
or Type 1204,8 Unit Pawer Supply. At the option of the user, the power supply may be plugged
in far easy assembly and disassembly or permanently bolted to the instrument to farm a com-

plete rigid assembly.
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in weighL, and basically "miniaturized,"
since Lhe Lwo ::;Landard cabinets have
been found, in general, to be about as
small, for the heat developed within
them, as good engineering practice will
allow.

In the unit instruments the user there
fore receives, at modest cost, laboratory
quality for accuracy, dependability, and
sturdiness; miniaturized packaging for
maximum convenience and minimum
use of bench space; straightforward,
simple design for easy utility; and versa
tility that permits wide application in
either imple or complex measuring
systems.

The TYPE 1212-A Unit Null Detector,
intended primarily as a balance indi
cator for a-c bridges, is useful generally
as a sensiti ve, wide-frequency-range vol t
age indicator. Its frequency character
istic is flat within about 1 db from 50 c
to 500 kc, and it is satisfactory as an
indicator at frequencies between about
20 c and 5 Mc. Its over-all gain is about
70 db, and it provides a deflection of one
per cent of full scale for an input signal
of Ie s than 40 }JoV. An approximately
logarithmic relationship between input
voltage and meter reading is displayed
on an arbitrary 0-100 scale, and the
combination of high sensitivity at low
input levels with a full-scale deflection
of about 100 volts yields an on-scale
range of approximately 120 db. Typical
frequency-response and voltage-response
curves arc shown in Figure 2 and 3.

For a bridge detector, there are Lwo
important advantages of an instrument
having these characteristics. The wide
frequency range makes possible its use
not only with such audio-frequency
bridges as the TYPE 716-C Capacitance
Bridge, TYPE 667-A Inductance Bridge,
and TYPE 561-D Vacuum-Tube Bridge
but also with the medium-frequency
TYPE 916-AL Radio-Frequency Bridge
and, for the lower part of their frequency
ranges, with the TYPE 916-A Radio-Fre
quency Bridge and the TYPE 821-A
Twin-T Impedance-Measuring Circuit.
The quasi-logarithmic input-output re
lationship prevents overload caused by
large unbalances from masking the ap
proach to balance, and increases the
sensitivity automatically as the balance
is approached, with con equent maxi
mum precision at the time it is wanted.

These advantages are offset, to some
extent, by the noise level resulting from
the wide frequency range, which limits
the maximum sensitivity that can be
usefully supplied, but this limited sen
sitivity in turn can be offset by an in
crease in generator voltage to maintain
adequate over-all system sensitivity. In
fact, it is desirable to obtain the nec
essary over-all sensitivity by increasing
the generator voltage to as high a level
as the measuring equipment or the de
vice to be measured will allow, so that
any extraneous voltages entering the
measUl'ing system will cause minimum
disturbance, and the sensitivity of the

Figure 2. Frequency response charocteristic of the Unit Null Detector.
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TYPE 1212-A Unit Null Detector under
these conditions will normally yield
precision of balance for all General
Radio bridges ,veIl within the bridge
accuracy ratings. However, when extreme
precision is desired, for instance in deter
mining very small differences in capaci
tance 01' dissipation factor with the TYPE
716-C Capacitance Bridge, the use of
head telephones ""vill provide approxi
mately 20 db more ensitivity than the
meter. Terminals for head telephones are
provided at the rear of the in trument.

Even 'when atisfactorily high levels
of input voltage are used, however, ex
traneous signals and noise can be bother
some with a detector of 40 J.l.v sen itivity
and 5 Mc band width, and it is often
de irable to use a filter tuned to the
generator frequency to obtain maximum
precision. Two filters, de cribed in ac
companying articles, are available as
accessories to remedy commonly en
countered difficulties.

The first of these, the TYPE 1212-Pl
High-Pass Filt r, is a simple R-C filter
designed to reduce the gain of the TYPE

FEBRUARY, 1953

1212-A Unit Null Detector by about 50
db at 60 cycles. With thi filter, measure
ments can be made at any frequency
above about 10 kc without difficulties
arising from pickup of power-line fre
quencies, even in relatively open measur
ing assemblies. A plot of attenuation as
a function of frequency for this filter is
shown in the article describing it.

The second of these, the TYPE 1951-A
Filter, is intended to provide, at the
common 400-cycle and 1000-cycle audio
test frequencies, rejection both of ex
traneou pickup and of harmonics pres
ent in the generator voltage 01' developed
in non-linear elements in the bridge
itself. Taken in combination, the TYPE
1214-A Unit Oscillator, which provides
substantial power output at 400 cycles
and 1000 cycles, the TYPE 1951-A Filter,
and the TYPE 1212-A Unit Null Detector
form an excellent generator-detector sy 
tem for all General Radio audio-fre
quency bridges.

An interesting application of this sort,
in illustration, i found with the TYPE
667-A Inductance Bridge. The relatively

Figure 3. Voltage response curve for the Unit Null Detector.
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low impedance of this bridge often re
quires particularly high sensitivity in the
detector to assure adequate precision of
balance. The TYPE 1951-A Filter, which
is provided with a "tap-down" arrange
ment to match different impedances,
actually provides voltage gains of the
order of 20 to 30 db from resonant rise
at these low impedance levels. Even in
this exacting use the combination of the
TYPE 1951-A Filter and the TYPE 1212-A
Unit Null Detector therefore makes a de
tector of entirely satisfactory sensitivity.

Another special application occurs
when the combination of the TYPE
1214-A, TYPE 1951-A, and TYPE 1212-A
is used with the TYPE 561-D Vacuum
Tube Bridge. Two problems arise with
this system. The first comes about be
cause the generator voltage is limited to
a level that will not cause shift in meas
ured tube coefficients caused by too
large excursions over the non-linear tube
characteristic curves, with consequent
limitation of over-all sensitivity. The
second comes about from noise generated
by the tube being measured. The net
effect is a signal-to-noise ratio consider
ably larger than that encountered with
other bridges, and an exaggerated diffi
culty in realizing the inherent bridge
accuracy. For the most precise balances,
under these conditions, it is sometimes

desirable to use head telephones so that
the extra discrimination of the ear in
separating signal from noise can be used
to supplement the electrical filtering.

The TYPE 1212-A Unit Null Detector
is provided with a meter to make pos
sible bridge balancing over a frequency
range far in excess of that to which the
ear will respond. For most tube measure
ments, the meter is entirely satisfactory
but, for unusually noisy tubes, it may be
desirable to accept the inconvenience of
head telephones to obtain extra discrimi
nation, which is useful not only in re
jecting noise but in identifying sources
of pick-up and distortion.

For frequencies above the audio range,
the TYPE 1212-A Unit Null Detector is
useful for most laboratory applications
either with no filter or with the TYPE
1212-Pl High-Pass Filter when hum
pickup is bothersome. For field applica
tion, however, particularly when physi
cally large devices are to be measured,
tuned-circuit filters are frequently de
sirable. Simple home-made filters of the
type shown in Figure 5 can be easily
constructed to fit the particular require
ments of the problem at hand.

For the most exacting applications,
such as antenna measurements in the
broadcast band, high-grade communica
tion-type radio receivers are recom-

Figure 4. Elementary schematic circuit diagram of the Unit Null Detector.
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mended to supply the desired selectivity
and sensitivity. For less difficult meas
urement problems, however, the small
ize and easily read meter of the TYPE

1212-A Unit ull Detector make it a
preferable detector.

Figure 4 is an elementary schematic
of the TYPE 1212-A. The instrument is
seen to be a relatively conventional
three-stage broad-band amplifier using
series-peaking compensation. The un
conventional feature is the use of germa
nium-diode clippers to obtain the quasi
logarithmic input-output relationship.
This method of shaping is important to
the proper operation of the instrument
since it eliminates the long time-constant
that would be necessary to secure proper
automatic-volume-control action at low
audio frequencies and in ure a speed of
'Edward Karplu , "V-H-F and U-H-F nit Oscillators,"

General Radio Experimenter, XXIV, 12, l\1ay, 1950.
"New Unit Instruments-Power Supplies-Modulator,"

General Radio Experimenler, XXVI, 2, July, 1951.
Robert B. Richmond, "The Unit Crystal Oscillator,"

General Radio Experimenter, XXVI, 9, February, 1952.
A. G. Bousquet, "A New Unit Oscillator-50 to 250 1\Ic,"

General Radio EX1Jerimenter, XXVll, 8, January, 1953.
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tc T. ~LL DETECTOR

Figure 5. Simple tuned-circuit filter.

response that is limited only by the
ballistics of the meter u ed: These bal
listics are so chosen that the instrument
is critically damped to make bridge
balancing easy and rapid. The balanced
meter circuit, combined with regulation
of the tube voltage, maintains good
stability of meter deflection as the line
voltage is varied, and inherent noise in
the amplifier is just enough to cau e a
small meter deflection which can be
corrected by the ADJUST ZERO adjust
ment on the panel. A METER SENSI'l'IV
ITY control on the panel can be u ed to
et the full- cale meter readina- for the

voltage range to be displayed.
- ROBERT B. RICHMOND

2It should be noted that the clipping destroys the wave
shape of the output signal e"cept at very low input levels.
Head telephones should, therefore, be used to study distor
tion or pick-up only near bridge balance.

SPECIFICATIONS
Sensitivity: Le s than 40 microvolt input at 1 kc
is required to deflect one per cent of full scale
on the meter.
Voltage Response: See Figure 3.

Frequency Response: See Figure 2.

Tubes: The in trument requires three Type

Type

6AK5, one Type 12AX7, and one Type OA2
Tube which are shipped installed.
Accessories Available: TYPE 1212-Pl and 1951
A Filter. TYPE 1203-A nit Power Supply.
Dimensions: (Width) 9 \1 X (height) 5% x (depth)
6 inches, over-all.
Net Weight: 5;1 pounds.

Code Word Price

1212-A I Unit Null Deteclor* ••.•.••..•................
1203·A Unit Power Supply ............•........•.....

·U.. Patents N01!. 2.125,816 and 2,548,457.

ALACK
ALIVE

$160.00
47.50

TYPE 1212-Pl HIGH-PASS FILTER

The TYPE 1212-Pl lO-kc High-Pass
Filter is designed primarily for use with
the TYPE 1212-A Unit Null Detector to
attenuate low-frequency noise and hum.
It is a shielded R-C type filter and pro
vides about 50 dh attenuation at 60

cycles when u ed in conjunction with
the TYPE 1212-A and fed from a low
impedance source.

It can be used equally well with other
equipment, provided the load impedance
is of the order of one megohm or hia-her.
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Figure 1. Attenuation characteristics of the Type 1212-Pl High-Pass Filter.
The circuit diagram is shawn at the upper right.

At lower load impedances 01' at ,ource
impedances of several thousancl ohms,
the attenual ion characteristic will be
modified, but useful rejerLion of low
frequency noise and hum will be found
in most ca es.

The attenuation characteri tic plot
ted in Figure 1 "'a mea ured with a

load impedance of one megohm and a
source impedance of GOO ohms. The
circuit diagram is sholl-n in the inset.

The filter is houseu in a TYPE 87-!-X
Insertion Unit Case, equipped \\'ith
TYPE 874 Coaxial Connector at each
end. The filter is ymmetrical and either
end may be u ed a input 01' output.

SPECIFICATIONS

Attenuation Characteristic: ee curve (Figurc 1).

Nominal Load Impedance: 1 megohm.
Input Voltage Limit: 150 volts maximum.

Terminals: TYPE 74 Conncctor at cach end.
Dimensions: V inch diamcter by 4~8 inches long.
Net Weight: 3 ounce .

Type Code Word
---

1212-Pl I High-Pass Filter ....................•........ I u '(')."
IT. H. PatrntR No~. 2, 12.),H1G and 2,.l-lR,457.

TYPE 1951-A FILTER

Price

$12.00

The TYPE 1951-A Filter is a parallel
re onant L-C circuit which is tuned to
400 or 1000 cycles per second ±2 per
cent. It is de igned to operate at the
input to high-gain amplifiers such as
the General Radio TYPE 1212-A or

Figure 1. Panel view of the Type 1951-A Filter.
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TYPE 1231-B. In this position, laro'e
amplitude spuriou signal such a 60
cycle pickup arc attenuated before they
have an opportunity to overload the
amplifier. This feature is particularly
u eful when measuring direct capaci
tance by the 3-terminal method or when
using other methods in which portions
of the circuit under te t are floating
above ground and subject to pickup of
external voltages. A capacitive divider
on the input side allow the filter to be
operate I at clo e to optimum conditions
regardles of the impedance it ee at
it input.

The in ertion gain or 10 s, working
into a one megohm load, and the second
harmonic rejection are hown in the
curves, Figure 2.

The inductor of the TYPE 1951-A

Filter is wound on a molybd num-per
malloy dust-core toroid and enclo cd in
a permalloy shield. All circuit elements
are shielded against electrostatic pick
up. These precaution are taken so that
the filter may be u ed at the very low
voltage level encountered at the input
to high-gain amplifier uch a the Gen
eral Radio TYPE 1212-A or TYPE 1231-B.
Any pickup that remain can usually be
eliminated by prop rly positioning and
orienting the filter.

If a shielded input i de ired, the
TYPE 274-MB and TYPE 274-N D Double
Plu rr may be used. The output cord
may be terminated in the TYPE 74-Q6
Adaptor for TYPE 74 Connectors, the
TYPE 274-MB or TYPE 274- D for %
inch paced binding po ts, or left un
terminated for telephone tip lead.

SPECIFICATIONS
Frequency: 400 cycle and 1000 cycles.
Maximum Allowable R-M-S Input Voltage:

Input Impedance Range 1000~

o 5KI1 10 v
5KI1- 50KI1 40 v

50KI1- 500KI1 145 v
5001\:11- 200 v

400~

4v
IG v
5 v

1G5 v

Insertion Lass: ee Figure 2.
Second Harmonic Rejection: See Figur<' 2.
Accessories Supplied: One TYPE 274-MB Double
Plug, one TYPI~ 274-ND Shielded Plug, and one
TYPE 874-Q6 Adl1ptor*.
Dimensions: 31L X 3X1" X 4;V inche . over-all.
Net Weight: 1~4 pounds.

Type

1951-A I Filter ......................•.........•....
*l~.:::>. l'alt'lils Nos. 2,12.),810 and 2,fi18,4~'j7.

rode Word

FIUIn:

Price

$65.00

THE MEASUREMENT OF CABLE CHARACTERISTICS

Coaxial cables play an important role
in today' electronic world. They are
vital c1 ments in television circuits, ra
dar, Glind landing device', and practi-

cally e\'ery other electronic device em
ploying high frequencie . The electrical
characteri tics of th cables u ed in
these applications mu.-t meet very rigid
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specifications
l

and the problem of ac
curately measuring the characteristics is
important to the cable designer to en
able him to check his designs, to the
cable manufacturer to inspect the cable
being produced, and to the cable user
to make it possible for him to determine
accurately the properties of the cables
\rith which he is working.

There has for some time been an evi
dent need for published information on
'Joint Army-Navy pccifications, JAN-C-17A, dated
July 25, 1946, "Cables, Coaxial and Twin-Conductor, for
Radio Frequency."

the methods of makin lT the e measure
ments and the selection of the necessary
equipment. We are pleased to announce
that this information is now available,
in the form of a paper entitled "The
Measurement of Cable Characteristic ,"
by William R. Thur ton of the General
Radio engineering staff.

This paper will be of interest to all
manufacturers and users of coaxial, dual
coaxial, and shielded twin-conductor
cables. A copy will be sent free on
request.

"UNIVERSAL" COAXIAL ADAPTORS
Since the introduction of the new

General Radio 874-Q Coaxial Adaptors/
it ha been called to our attention that
the e adaptors provide the basis for a
truly universal adaptor system for UG
type coaxial connectors. Interconnection
between any pair of connector systems
i po ible with only a limited number
of adaptor units.

For example, to connect a TYPE-N
Jack to a TYPE-C Plug, two adaptors
are needed, the TYPE 874-QNP and the
1" J. cw Coaxial Accessories," General Radio Experimen
ter, XXVII, 5, October, 1952, pp. 1-4.

TYPE 874-QCJ. These are plugged into
the respective TYPE-N and TYPE-C
terminals and the TYPE 874 fittings are
then plugged together.

The advantages of TYPE 874-Q Adap
tors for this purpose are twofold. First,
only a limited number of adaptors is
needed to make any desired connection
between the different UG types and,
second, the joint thus formed has a very
low standing-wave ratio, owing to the
excellent electrical characteristics of the
adaptors.

TIlE General Radio EXPEJUME TER is mailed without churge euch
nwnth to engineers, scientists, techniciuns, and others interested

in cOlnmunicution-frequency nwusuretnent and control probleu'ts.
lJ7hen sending requests for sLLbscriptions and uddress-chunge notices,
pleuse supply the following informution: nume, compnny nddress, type
of business compnny is engnged in, und title or position oj individuul.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH0 NE: TR owbridge 6·44 00

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TE L.-W Orlh 2 ·5831

lOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOllywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2·3820
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lEdward H. Green, uA Precise Labora.tory Exercise
Using a Vacuum-Tube Bridge," American Journal oj
Physics, Vol. 16, 1 o. 3, pp. 151-155, March, 1948.
2L. J. Giacoletto, "Transis·tor Characteri~tics at Low
and ;\(edium Frequencies," Tele-Tech, ~Iarch, 1933.

ISS UET HISIN

TRANSISTOR MEASUREMENTS
WITH THE VACUUM-TUBE BRIDGE

• WHILE FOR MANY YEARS the
Type 561-D Vacuum-Tube Bridge has
been used mainly for measuring vacuum
tube coefficients, it has also proved useful
for determining the characteristics of more
complex circuit arrangements under differ
ent load conditions.' The advent of the
transistor emphasizes the vel' atility of this

bridge. Low-frequency coefficients are as easily determined for tran-
i tors a for vacuum tubes: The bridge indicates the input and output

re i tance of tran istors, their forward and reverse transfer conductance,
and their voltage-amplification factors. The current-amplification
factor is the product of two of the coefficients indicated by the bridg~.

\Then vacuum-tube coefficients are being measured, the plate
resistance, forward transconductance, and forward voltage ampli
fication are the only coefficients of interest, because the input (grid) re-
istance is essentially infinite at the measuring frequency (1000 cycles);

the reverse transconductance and
rever e amplification are negligible.
The forward and reverse parameters
of the transistor are much more inter
dependent. The input resistance can
be quite low, and its value is defi
nitely a function of the load at the
output terminals. Gain in both direc
tions is also important. Indeed, under
carefully chosen operating conditions,
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Figure 1. Functional diagram of a four-terminal trans
ducer.

equal power gains in the two directions
are feasible,' though admittedly this
is not the usual circuit application.
However, to obtain sufficient design
information even for normal applica
tions, both the forward and the reverse
coefficients of the transistor are needed.

In spite of the tremendous range in
parameters found for the various types
of transistors, the Type 561-D Bridge is
entirely adequate. It will measure re
sistance (input or output) from 10 ohms
to 100 Megohms; the transconductance
range is from 0.001 to 100,000 micro
mhos; the voltage amplification range is
from 0.0001 to 10,000.

The transistor, the vacuum tube, the
amplifier (single- or multi-stage), the
attenuator can each be represented as
a four-terminal transducer (Figure 1).
When known voltages are applied to
the terminals and the resultant currents
are noted, two equations are sufficient
to define the characteristics of the
transducer. The impedance or ad
mittance parameters that interrelate
the voltages and currents are useful for
intercomparing transducers and for de
vising circuits to use them.
3R. M. Ryder and R. J. Keicher, "Some Circuit Aspects
of the Transistor," B.S.T.J., Vol. XXVIII, pp.367--401,
July, 1949.

In standardizing methods for testing
tubes,' the Institute of Radio Engineers
adopted the nodal form of equations and
expressed the parameters as admit
tances. At the low frequency (1000
cycles) used for the Type 561-D Bridge,
the conductance component is of pri
mary interest. The equations are, then,

i 1 = gl1V1 + g12V 2

i 2 = g22V 2 + g21V 1

gl1 and g21 are the input conductance
and the forward transconductance ob
tained with the output terminals
shorted. g22 and g12 are the output
conductance and the reverse transfer
(feedback) conductance obtained with
the input terminals shorted.

When these parameters are measured
on the Type 561-D Bridge, the recipro
cals of the input and output conduct
ances are obtained (rp on the bridge).
The bridge is not limited to resistance
(or conductance) measurements of net
works with short-circuit terminations,
however. It is immaterial to the bridge
what the termination is.

The forward and reverse transcon
ductances (gm on the bridge) and the
voltage-amplification factors for both
directions (,u) are indicated directly at
bridge balance.

The various amplification factors can
be derived from the conductance values
as follows:

Forward current-amplification factor,
g21

ex: 21 = --
gl1

'''Standards on Electron Tuhes: Methods of Testing,"
Proceedmus of the I.R.E., Vol. 38, Nos. 8 and 9, August
and Septemher, 1950.

Figure 2. Two-generatar, nodal-derived, equivalent network.
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Reverse current-amplification factor,
g12

ex: 12 = --
g22

Forward voltage-amplification factor,
g21

/-L21 = --
g22

Reverse voltage-amplification factor,
g12

/-L12 = --
gl1

Forward power-amplification factor,
A. _ (g21)2
'1'21 -

4 gl1g22

Reverse power-amplification factor,
(gd 2

rf>12 = --
4 gl1g12

The current-amplification factor is
a significant coefficient of the transistor,
just as the voltage-amplification factor
is important in the vacuum tube. The
current-amplification factor of a
junction-type transistor, common-base
connected, is usually very nearly unity.
For a point-contact-type transistor, it
is sometimes between two and three.

The vacuum tube can be operated
with grounded cathode, grounded grid,
or grounded plate (cathode-follower).
Similarly, the transistor can be con
nected with grounded emitter, grounded
base, or grounded collector. The Type
561-D Bridge can be used to measure
the transistor coefficients for any of
these circuit connections. If the coef
ficients have been determined for any
one circuit arrangement, the coefficients
for the other circuit arrangements can
be computed from simple transforma
tion equations.·

MARCH, 1953

When a picture of the equivalent
circuit of a transducer is attempted,
the nodal equations lead to a two
generator network as shown in Figure 2.

The parameters of the nodal equa
tions can be transformed very simply"
to new parameters that are depicted by
a one-generator ll'-network.

In the measurement of vacuum-tube
coefficients with the Type 561-D Bridge,
the third significant figure can usually
be determined unless the tube under
measurement is very noisy. Transistors
have acquired the reputation of being
noisier than tubes, though noise meas
urements on some newer designs indi
cate definite improvements. However,
many junction-type transistors have
noise figures of about 20-25 db and the
figure for point-contact-type transistors
is around 40-50 db. It is gratifying,
therefore, to find that even point
contact-type transistors are readily
measured on the Type 561-D Bridge and
yield results that are entirely satis
factory for design-information purposes.

While the junction transistor is very
stable, the point-contact type, because
of inherent positive feedback, can be
unstable. Stable operation is obtained
either by confining operation to known
stable circuit conditions or by intro
ducing some positive external resistance
in series with one of the electrodes to
counteract the effects of the internal
negative resistance. Manufacturers usu
ally advise 500 to 1000 ohms.

.See the recent issue of the Operating Instructions for the
Type 561-D Vacuum-Tube Bridge.

Figure 3. One-generator, loop-derived, equivolent network.
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In the measurement of transistors on
the Type 561-D Bridge, the input signal
must be restricted to a level that does
not overload the transistor; otherwise

This external resistor is a factor
which led to the early adoption of
measurement methods that stressed
constant current at the transducer
terminals rather than constant voltage.
The voltage-current equations are then
of the loop (mesh) variety; parameter
measurements are under open-circuit
termination conditions, the parameters
are expressed as impedances (or re
sistances at low frequencies), and the
equivalent one-generator circuit is a
T-network as in Figure 3.

The measurement of these parameters
becomes difficult because the equations
assume open-circuit-termination condi
tions. This can be accomplished, how
ever, by the use of parallel-feed choke
coils that are of sufficiently high im
pedance at 1000 cycles or by feeding
through the plate circuit of a pentode
which has a very high plate resistance.
The supply voltage must, of course, be
relatively high.

Fortunately, the junction-type tran
sistor will very likely be the preferred
type for use in oscillators and amplifiers.
Since it is, in many respects, analogous
to the vacuum tube, it can be expected
that the equivalent network adopted by
the IRE Standards for the vacuum tube
will also be found most useful for
transistor applications. In any event, it
is a simple matter to translate from one
form of equivalent circuit to the other:

Nodal

gll = r22--;-t.r
g12= -r12~t.r

gn = -rn--;-t.r

g22=rU--;-t.r
t.r = rUr22 -rnr 12

Loop

rll = g22~t.g

r12= -g12--;-t.g
rn = - gn--;-t.g
r22= gll--;-t.g

t.g = g llg22 - g21g12

the indicated value of coefficient will
be in error. This is also true in vacuum
tube measurements. The obvious way
to determine the safe level is to apply
increments of voltage and note the
level at which the measured coefficient
no longer remains constant. This method,
though correct, can be tedious and time
consuming. A quicker method is to
obtain an approximate balance and to
advance the voltage level to a point
where distortion just becomes notice
able (in the detector headphones).
This has been found to be a safe operat
ing level.

Incidentally, when noisy transistors
are being measured, the high sensitivity
of the ear to the signal in the presence
of noise yields surprisingly satisfactory
results. The use of filters is less trying
on the operator but does not greatly
improve the balance condition. The new
Type 1212-A Unit Null Detector", when
used with phones, provides an excellent
detection system since the clipping
inherent in the logarithmic response
reduces the noise but does not affect the
low level signal at balance.

A recommended signal source is the
General Radio Company Type 1214-A
Unit Oscillator. Since the d-c voltages
required for measuring the transistor
are low and current drain is small, the
use of batteries as power supplies is
feasible. Sockets for the transistors can
easily be mounted on the universal
adapter plate furnished with the bridge.

The operating instructions for the
Type 561-D Vacuum-Tube Bridge have
been expanded considerably to include
much information pertinent to tran
sistor measurements. Copies are avail
able on request.

- A. G. BOUSQUET

"RobertB. Richmond, "Type 1212-A Unit Null Detector,"
General Radio Experimenter, XXVII, No.9, February,
1953.
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MODERNIZATION OF VACUUM-TUBE BRIDGES

In the course of the last few years,
several changes have been made in the
Type 561-D Vacuum-Tube Bridge in
order to meet the test requirements of
the latest types of vacuum tubes. Our
Service Department is equipped to

make these changes in existing older
type bridges or to supply kits and
directions to the user who wishes to do
the work in his own shop. Write to the
Service Department for further in
formation.

1953 RADIO ENGINEERING SHOW

General Radio will be in the same
location as in previous years in the
Radio Engineering Show at Grand
Central Palace, March 23-26.

The GR Display will include a
demonstration of the remarkable over
load characteristics of the Variac®
autotransformer, resulting from General
Radio's new Duratrak process for
stabilizing the brush track. Also on
display will be the new Type V-2
Variac® autotransformer, a new 2
ampere model.

The Type 1602-A Admittance Meter
will be set up for operation at ultra
high frequencies, with all necessary
accessories for impedance measurements
on receiver input circuits, components,
lines, antennas, etc. If you are working
with u-h-f TV receiving or transmitting
circuits, be sure to see it and operate it.
No other impedance-measuring device
combines the accuracy and convenience
of the admittance meter.

Unit Instruments, an impressive line
of high quality, low-priced items for
the laboratory, will be displayed. These
building-block instruments now number
some ten different models with several
more soon to be announced.

Transistors - the Type 561-D
Vacuum-Tube Bridge will be set up to
measure the characteristics of tran
sistors, both point-contact and junction
types. Measurements of impedance and
gain of a complete transistor amplifier

will also be demonstrated. An experi
mental transistor oscillator will be set
up for operation with General Radio
Decade Capacitors and Inductors as
the frequency-determining elements.

Type 874 Coaxial Elements, including
many types of adaptors, will be dis
played. Be sure to see the new adaptors
to the u-h-f and v-h-f coaxial lines used
on TV transmitters. The low VSWR
of these adaptors is typical of GR
Coaxial Elements, designed for accurate
measurements over wide ranges of fre
quency.

Limit bridges for production testing
- the Type 1652-A Resistance-Limit
Bridge for d-c resistor measurements and
the Type 1604-A Comparison Bridge for
audio frequency measurements on capac
itors, inductors, and resistors are con
venient, rapid, test instruments for pro
duction line or laboratory that will speed
up the selection of close-tolerance com
ponents for electronic circuits.

GR's famous TV Monitor, for check
ing the frequency of both transmitters
and the modulation percentage of the
aural transmitter, will also be on display.
This monitor, for both v-h-f and u-h-f
stations, has had a wide acceptance of
transmitter manufacturers and station
engineers. This accurate, dependable
monitor is used by some 95% of all TV
stations now on the air.

See these outstanding General Radio
instruments at Booths 1-121 and 1-122.
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A source of manually controlled
variable low voltage is required for
many tests and maintenance activities
associated with the operation of a
power system. Over the past several
years the Tennessee Valley Authority
has purchased a number of continuously
variable autotransformers to meet such
needs in its power organization. Most
of them have been in the 2.4-kva class
although some smaller ones are used on
light test work.

The General Radio Type V-20HM
Variac is one type of variable auto
transformer that has been made into a
convenient, portable, general test in
strument, as shown in the attached
photograph by the Authority's develop
ment laboratory. Input and output
connections are brought out to terminal
posts to provide adequate facilities for
connections. A voltage selector switch
is installed to reduce the chances of
incorrect connections in a test setup.
Input and output connectors are also

made to a Jones plug, which allows
rapid, complete connections of the
Variac into a standard relay test setup
by merely plugging in a multiconductor
test cable. Full fuse protection is pro
vided, using ::;low-blow fuses in both
input leads and in the brush lead. The
slow-blow-type fuse takes care of the
surge current when power is turned on,
yet protects the Variac from overloads.
A special magazine-type spare fuse
holder keeps proper size replacement
fuses at the test engineer's finger tips.
The whole instrument is protected from
mechanical damage by a metal enclosure,
which also provides suitable mounting
for a convenient carrying strap.

It has been found that fusing these
devices has reduced burn-outs to practi
cally zero whereas, previous to the
time fuses were installed, burn-outs
occurred rather regularly mainly be
cause of improper connections into test
circuits.

A single fuse is installed in the brush
lead of the Type V-5 Variac without
external visual evidence of such addition
to the Variac. For example, in the
V-5HM Variac, the fuse holder is
strapped to the central post of the base
plate with the end of the holder acces
sible for replacing the fuse from the
bottom of the Variac.

Probably one of the most important,
and certainly the most frequent, uses to
which this device is put is in the testing
and adjusting of the many protective
relays found on a power system. In
many of these testing operations, the
autotransformer supplies power directly
to the relay up to its rated current
carrying capacity. When heavier cur
rents are needed, the autotransformer
is used to control a loading transformer,
which may furnish current of 100
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amperes or more to the relay under test.
In addition to the many general and

usual uses to which these devices are
put by the Authority are occasional
out-of-ordinary uses such as its use with
a special 4-prong test prod and milliam
meter as a bar-to-bar tester in motor
work. For a controllable source of 100

amperes at low voltage and IIDOlmum
weight and space for use in a micro
ohmmeter, a few turns of heavy con
ductor to serve as a secondary winding
are added around an adjustable auto
transformer's core over a non-used
portion of the regular winding.

- R. F. BENNINGTON

Mr. Bennington is Supervisor of Laboratories Section, Electrical Laboratory and Test Branch,
Tennessee Valley Authority, Chattanooga, Tennessee. The publication of this material with the
approval of the Tennessee Valley Authority does not constitute an endorsement of the General
Radio Company's product by the Authority.

MISCELLANY
RECENT VISITORS to the General
Radio Plant and Laboratories - Dr.
Ing. Agostino Belotti of Ing. S. Belotti
and Co. of Milan, our exclusive repre
sentative for Italy; Eric Monsted, Test
Engineer, E.M.A.I.L., Sydney, Aus
tralia; Dr. Itaro Umeda and Mr. Katso
Hogino of Oki Electric Engineering Co.,
Tokyo, Japan.
PAP ERS - "Testing and Adjusting
Speaker Installation with the Sound-

Survey Meter," by William R. Thurston,
at the Audio Fair, New York, 1952;
"Steady-8tate Measurement - A Sur
vey of Basic Methods," by William R.
Thurston, at the Study Group on meas
urement techniques, New York Section,
A.I.E.E., February 3, 1953; "Measure
ment and Its Place in Engineering," by
William M. Ihde, at a meeting of the
Student IRE Section, Valparaiso Tech
nical Institute, December 11, 1952.
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STEPHEN W. DEBLOISROBERT E. BARDMYRON T. SMITH

Three recent appointments will be of
interest to our customers.

Myron T. Smith, formerly Sales
Engineering Manager of the General
Radio Company, has been named Sales
Manager. S. W. DeBlois has been
appointed Export Manager.

Mter his graduation from M.I.T. in
1931, Mr. Smith came with the General
Radio Company as a development
engineer. He served in this capacity
until he was appointed manager of the
New York district office. He subse
quently managed the Los Angeles and
Chicago districts, becoming Sales En
gineering Manager in 1944.

Mr. DeBlois was graduated from
Cornell University in 1936, and was
later associated with Armco Inter
national. He served in the Signal Corps,
U. S. Army, in the Mediterranean
Theater during the war and was
discharged a captain in 1945. He came
to General Radio in 1946 as a sales

engineer specializing in export work
and has been in charge of export sales
activities for the past three years.

Robert E. Bard, formerly Associate
Professor of Electrical Engineering at
the Fournier Institute of Technology,
has joined the General Radio Company
staff as Sales Engineer. Mr. Bard
received his B.S. degree in Electrical
Engineering from the Illinois Institute
of Technology in 1942, after which he
taught electrical engineering at that
institution. He was associated with
C. G. Conn, Ltd., as Engineer in the
Research Department, leaving to enter
the U. S. Navy, where he taught a
course in Radar Fundamentals. From
1945 to 1948, he was employed by the
American Phenolic Corporation as
Senior Engineer in the Development
and Research Divisions, and from
1948 to 1952 he has been on the
faculty of the Fournier Institute of
Technology.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TRowbridge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEl.-WOrth 2·5837

LOS ANGELES 38, CALIFORNIA
tODD NORTH SEWARO STREET

TEL.-HOIlYWDDd 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2·3820
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Durofrok, the new General Radio brush-track surface for VARIAC® oUlotronsformers,
is the most imporlont advance since the original development of the variable auto
transformer by General Radio twenty years ago. Todoy's VARIAC® autotransformer
truly sels a new standard of reliability for the industry.
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A· NEW STANDARD OF RELIABILITY
IN VARIABLE AUTOTRANSFORMERS

VA RI A C® WITH D U RAT RA K

2

The Variac® continuously adjustable
autotransformer was first introduced by
General Radio in 1933. It found ready
and rapid acceptance as a laboratory
instrument for the control of alternating
voltages. For a given rating, it was
more efficient, less cumbersome, cooler,
and had better regulation than resistive
controls previously employed for such
service.

These same features proved to be
equally attractive in the industrial field,
and the Variac rapidly moved out of the
laboratory and into the industrial plant.
This trend was accelerated by the rapid
expansion of the electronic and electrical
control industries during and after
World War n. Off came the "lab" coat
and on went the overalls.

This new usage was vastly different
from the original laboratory service.
Variacs were expected to operate twenty
four hours a day, month after month
in some cases, year in and year out
often at some particular fixed setting.
Ratings were pushed to the limit (and
often beyond) in ambient temperatures
and contaminating atmospheres that
could not be tolerated in a laboratory
but that are industrial commonplaces.
As a result, Variacs were subjected to
service conditions far more severe than
those for which they were originally de
signed. The relatively few service failures
under these conditions have been a con-

tinuing tribute to their inherently con
servative design, and the prompt adjust
ment of these few failures by our Service
Department has meant a minimum of
inconvenience to our customers.

Service experience over the years has
shown that perhaps 99% of the failures
that do occur in continuously adjustable
autotransformers are caused by over
heating at the brush or, more specifically,
at the winding underneath the brush,
resulting in a cumulative deterioration
of the brush track. This field experience
checks well with what would be expected
from the known design limitations of
such devices.

This problem has now been solved
as the result of an intensive develop
ment program started several years ago.
General Radio's new Duratrak process
makes the Variac as durable as a fixed
ratio transformer.

DESIGN CONSIDERATIONS
A Variac autotransformer is similar to

a conventional autotransformer or two
winding power transformer in many re
spects. It is also similar to a motor in
having a carbon brush, and a moving
element and commutator. It differs
from a motor, however, in two funda
mental respects: (1) The brush is often
left in a fixed position drawing full cur
rent for long periods of time, and (2)
Variac brushes operate at current densi-

ALSOl NTH ISIS SUE Page
EXPANDED REPAIR SERVICES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . • • • 6
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ties many times those encountered in
motor practice due to the dimensional
limitations of a commutator formed
from the winding itself, the segments of
which are spanned by the brush. The
heating that occurs at the brush-to
commutator interface is thus localized,
whereas in a motor the heat is distrib
uted uniformly about the periphery of
the commutatOl:.

This localized heating at the contact
is inherent in the device. In fact, control
of this heating was the key to making
the Variac a practical commercial de
vice. In continuously adjustable auto
transformers, the brush makes contact
with two or more adjacent turns. There
is therefore a circulating current flowing
through the brush, in addition to the
load current. The problem is to minimize
the net power loss by balancing power
loss in the short-circuited turn against
the power loss due to load current drawn
out through the brush. I Analysis has
shown that the proper design calls for a
brush contact drop such that the power
dissipated is equal approximately to the
full load current multiplied by the volts
per turn of the winding.

The actual temperature rise that re
sults from the power dissipation can be
reduced by proper radiator design but,
because of the relatively low thermal
conductivity of carbon materials, only a
portion of the generated heat can flow
into the radiator and the balance must
flow into the copper winding.

Cumulative Deterioration

With proper design of brush and radi
ator strueture, the temperature rise can
be held to a reasonable value. Under
severe load conditions, however, the
exposed copper to which contact is made
tends to oxidize if the brush is left at a
IKarplus and Tuttle. U. S. Patent No. 2.009.013.
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Variacs are precision wound on toroidal winders of our
own design and manufacture.

fixed setting for a long period of time.
The oxides of copper have relatively
high resistance, and this causes a cumu
lative heating effect under conditions of
fixed load. It is obvious that a potential
ly destructive cycle exists in this situa
tion. Under certain adverse conditions
(high ambient, high load, fixed brush
setting, continuous operation, i~requent
maintenance), a destructive cycle can be
initiated which will ultimately lead to
failure.

The Remedy, Duratrak - an Improved
Commutator Surface

Intensive study of this problem led to
the realization that the solution lay in
developing a commutator surface whose
contact resistance or voltage drop would
remain relatively constant in the face of
long-time exposures to elevated temper
atures. A silver coating is, within the
limits of our present knowledge, com
pletely stable, and a method has now
been developed of applying it to the
brush track. In the course of the experi-



GENERAL RADIO EXPERIMENTER 4

mental work, it was determined that a
large number of alloys and noble metals
met the requirement of stable contact
resistance. It should be noted that the
use of silver and precious metal alloy
materials in general for electrical contact
processes is as old as the electrical art
itself. It is important to note, however,
that in the usual application these ma
terials are used for an entirely different
reason. The usual objective is to obtain
a low contact resistance, but in the
Variac low resistance is of no help at all
- the required resistance is prescribed
by minimum loss considerations and
must be high enough to limit circulating
currents to safe values. A non-deteriorat
ing surface is used to insure that the
initial value of voltage drop is main
tained even if, under heavy load, the
brush is allowed to remain at a fixed
setting.

FIELD TESTS
For three years Variacs with the

treated track surface have been under
extensive and tortuous tests in General
Radio laboratories. While controlled
laboratory tests are important, every

Rock, with load of Variacs, then goes into an oven to
bake the thermosetting varnish.

engineer concerned with industrial de
vices knows that field tests under a wide
variety of conditions are even more im
portant. Accordingly, these new Variacs
have been extensively field tested in
increasing numbers as our confidence in
performance and method of manufacture
has grown. Field tests have been con
ducted under conditions of unusually
severe service where old-style Variacs
had required an exorbitant amount of
maintenance or had actually failed.

In contrast, not a single field failure
has been reported to date with the
several thouf;and Duratrak units in
service.

Lighting Control

One of the earliest uses of these new
Variacs was in the new liners S. S. Con
stitution and S. S. Independence. Variacs
are used to provide complete and flexible
control of the lighting in salons and
dining rooms of these luxurious ships. It
is obvious that the nature of the service
places a high premium on reliability. To

After winding, Variac coils are dipped in baking
varnish in specially designed rocks.
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achieve the necessary reliability is par
ticularly difficult because of the con
ditions of installation and use. High
ambient temperature, salt air, enclosed
mounting, and a minimum of main
tenance combined with fixed settings
and the high inrush currents of incan
descent lamp loads conspired to make
this service about as severe as anything
that one would expect to encounter.
Yet the installations are functioning
satisfactorily after two years.

Laboratory Tests

Under laboratory test, the perform
ance of the treated Variacs has been
quite spectacular, and any user of ad
justable autotransformers will recognize
from the description of these tests the
tremendous improvement that has been
realized. He may also recognize that
one of the tests was inadvertent.

In one instance a TYPE V-20 Variac,
conventionally rated at 20 amperes, was
subjected to a load current at mid-point
setting of 30 amperes for a period of
approximately one month. There was no
visible damage to the Variac winding
and, to make a more severe test, the
unit was enclosed in a thorougWy insu
lated cubicle to simulate conditions of
unusually poor ventilation or heat trans
fer. Mter several days at 30 amperes,
the current was raised to 45 amperes
and held there for a period of four days.
The ambient temperature within the
box under these conditions was about
55°C., and the temperature rise in the
winding of the Variac estimated at the
order of 175°C. Clearly, this tempera
ture is well beyond the safe limits for
Class A insulation, but the important
point is that no damage occurred to the

The Duratrale process, which follows baking, coats the
brush track with the silver surface shown on these

partially assembled units.
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brush track. As a final test, a current of
100 amperes was drawn for a few minutes
at a low voltage setting. The brush heat
ing from this current was sufficient to
cause the carbon to become incandescent.
Failure of the Variac still did not occur,
although, of course, the organic (Class
A) insulation was very badly charred by
the high temperatures developed. With
this extreme test, a slight discoloration
and damage of the brush track occurred,
but not sufficient to have any serious
effect on the performance of the unit.

Another startling comparison between
the new Variacs and a conventional unit
was obtained in the process of operating
a new unit and an untreated unit on a
"pump-back" test. In this connection,
the circuit current is limited only by
internal impedance of the two units, and
the voltage difference between the two
brushes must be kept small. In one
instance the brush of one unit was ro
tated far enough to develop practically
full line voltage in the low impedance
circuit. The resulting circulating current
burned out the untreated unit almost
instantaneously. The treated. unit was
substantially undamaged.
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Prior to shipment, all Variacs must pass a series of rigid
electrical tests to assure conformance to specifications.

Testing, which is continuous, has in
dicated to date a mechanical life of
many millions of brush traverses under
severe overload witluJut detectable de
terioration. Surge and inrush currents at
least twice as great as before can be.
safely handled. While deliberate over
load for extended periods gradually
affects insulation condition (as with any
transformer), there is no accelerated
deterioration of the brush track, as in
variably occurs with an unstabilized,
copper brush track.

With this new development, the limi
tation of the brush and track has
essentially been removed from the ad
justable transformer, and the rating mination of practical overload or short
and use of such a device are therefore term, high-temperature ratings.
limited solely by the same considera- We sincerely believe that this new
tions that control the use of any fixed development is the most significant ad
ratio transformer, namely the tempera- vance in the adjustable autotransformer
ture rating of the electrical insulation art since the conception of the Variac
used therein. itself some twenty years ago. General

Ratings, which are conservatively Radio is proud to offer these new units,
based on accepted (NEMA, AlEE) which are already establishing new high
standards of temperature rise, remain standards of reliability and durability.
unchanged. We leave for time and even -GILBERT SMILEY
more extended field experience the deter- I VAN G. EASTON

The authors wish to extend their thanks and credit to the members of the General Radio
Company staff, without whose cooperation this development could not have been brought to
fruition. Particular credit is due to:

MR. HAROLD S. WILKINS for patient, step-by-step testing of materials and methods in the
development of production techniques.

MR. HAROLD M. WILSON for the de ign of materials handling equipment to put the process
on an economic basis.

MR. CHARLES A. TASHJIAN for his cooperation and supervision in adapting the pilot-plant
techniques to full-scale manufacture.

EXPANDED REPAIR SERVICES
Since the opening of our new branch

plant in West Concord, Massachusetts,
in April, 1952, a considerable number
of our instruments are being manufac
tured and repaired there. Because of
this, it is important that our customers
write to the Service Department, 275
Massachusetts Avenue, Cambridge 39,

Massachusetts, giving the type and
serial number of their instrument, before
returning it for reconditioning, recalibra
tion, or for any other reason. A return
material tag will then be mailed with
shipping instructions for the return of
the equipment to either our repair faGili
ties in Cambridge or our West Concord
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plant, depending upon the type of in
strument involved. If this procedure is
followed, the time consumed in handling
can be held to a minimum.

Customers in Canada should write to
Bayly Engineering Limited, 5 First
Street, Ajax, Ontario, or phone WAverly
6866 through the Toronto exchange. This
firm is our authorized repair service and
is equipped to give prompt and com
petent attention to all General Radio
instruments.

West Coast users of General Radio
instruments can have their equipment

APRil, 1953

repaired and recalibrated in California
by writing to the Western Instrument
Company, 826 I orth Victory Boule
vard, Burbank, California, or phoning
ROckwell 9-3013. Thi firm is also an
authorized repair ervice for General
Radio products.

Each of these companies has a well
equipped shop and laboratory, and can
give prompt and satisfactory repair serv
ice on all General Radio instruments.
The repairs and calibrations are made
to the same specifications and standards
as are used at our own repair facilities.

HANDBOOK OF NOISE MEASUREMENT

A new publication, the "Handbook of
Noise Measurement," is now available,
replacing the old "Noise Primer." This
new book, consisting of over 100 pages,
covers thorougWy the measurement of
noise and other airborne sounds, includ
ing definitions, standards, measuring
equipment, measurement procedure,
and interpretation of results. The au
thors, Dr. A. P. G. Peterson of the
General Radio Engineering Staff and
Dr. Leo L. Beranek of M.LT., are well
known in the field of acoustic measure
ment, and their treatment of the subject
of noise measurement is based on many
years' experience.

Copies of this handbook are available
from the General Radio Company at a
price of $1.00 each postpaid.

RECENT VISITORS TO GENERAL RADIO

Mr. Erland Cossel, Instructor, De
partment of Theoretical Electrical En
gineering, University of Stockholm,
Sweden; Dr. Ing. Agostino Belotti, of
Ing. S. Belotti and Co., of Milan, our
exclusive representatives for Italy; Mr.

Harald Molinari, Engineer, Seyffer and
Co., Zurich, our exclusive representa
tives for Switzerland; Dr. Toyohiko
Okabe, of Tokyo Shibarua Electric Co.,
Ltd., Tokyo. Japan; and Dr. Shigeru
Nakajima, Japan Radio Co., Tokyo.
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NEW INSTRUCTION MANUAL FOR SLOTTED LINE

8

Users of the TYPE 874-LB Slotted
Line will be glad to learn that the com
plete instruction book for that instru
ment is now available. Copies have been
sent to all who returned the cards that
were enclosed with slotted lines already
shipped. If you are using the General
Radio Slotted Line and have not yet
received a copy of the instruction book,
please request it on your company letter
head.

This book is a more comprehensive
operating manual on slotted-line meas
u,ements than any other that we have
speno It should be very useful for class
]''lom and laboratory instruction, and
we shall be glad to send a copy to any
teacher who requests it on his college
or university letterhead. Additional
copies for student use are available at

a nominal price to cover the cost of
printing.

RESEARCH EQUIPMENT EXHIBIT

The Third Annual Research Equip
ment Exhibit, sponsored by the ational
Institute of Health, will be held April
27-30, 1953, at the Clinical Center Build
ing, Bethesda, Maryland.

Gener:,l Radio instruments will be on

display at Booth 56, and General Radio
sales engineers will be on hand to discuss
your measurement problems and to
answer your questions. A cordial invi
tation to visit this display is extended to
all our readers in the Washington area.

GENERAL RADIO COMPANY
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NEW YORK I, NEW YORK
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figure 1. Designed for panel
mounting. the new Type Y-2
Variac Autotransformer gives
more wotls per dollar than its

pred ecessor.
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TYPE 1551-Pl CON-

DENSER MICRO-
PHONE SYSTEM ... 2

A NEW 2-A M PER EVA RI A C®
TWICE THE POWER FOR THE SAME PRICE

eA NEW VARIAC, theTYPEV-2,isthe
latest addition to the General Radio line
of adjustable autotransformers. Designed
to supplant the older TYPE 200-B, with
which it is generally interchangeable, TYPE
V-2 offers twice the power rating for the same

price. In addition, TYPE V-2 incorporates such desirable features of
V-line Variacs as the GR unit brush and Duratrak, the stable brush
track that resists deterioration from use and abuse.

Like the TYPE 200-B, the new TYPE V-2 is intended primarily for
panel mounting, and so is supplied with a reversible dial-plate (0-115
volts; 0-135 volts) and pointer knob for panel installation. Although
the depth behind panel is slightly greater, mounting bolts and bolt
locations for TYPE V-2 are the same as for TYPE 200-B, as is the radial
clearance required back of panel. This latter was accomplished by
operating the brush on the face of the winding, instead of on the
periphery, and by optimum use of copper and modern core material.

Unlike TYPE 200-B, TYPE V-2 has a metal base for improved cooling
and strength and a terminal board on which the circuit is clearly indi
cated. This unit can be operated at both 50 and 60 cycles for either line
or overvoltage connections. _
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Figure 2. Dimensions of
the Type Y·2 Yariac.
Mounting dimensions
and radial clearance
are the same as for
the older Type 200-8.
Depth behind panel is

slightly greater.

~ MAX PANEL
14----3 ..zAPPROX I

8 16
-I

SEE INSTRUCTIONS ~I

UNDER "BRUSH" 11

:~-~Il r
I "I r-r---'1l11L i I
I fiT I --, I "'110 "'l

~
-11 --

11 11 I
11 1 1--

III LJ

I~~~;;=~~ I II'L:: I r
l) 120· [

TV REMOVE SHAFT LOOSEN SCREWS~~ t~~~ 11
IN RADIATOR AND COLLAR. WHEN R~ 2
RE-ASSEMBUNG BE SURE RADIATOR 1/2·0RILL

IS PUSHED TOWARD COIL. SET
SCREWS REQUIRE ALLEN 120.· <P DIAL DRILLING
WRENCH 3/32 ACROSS FLA TS. "'--l

- GILBERT SMILEY

The TYPE V-2 assembly is a strong,
simplified design that will withstand
shock and vibration tests such as those
under MIL-T-945-A. With its rating of

0.345 KVA and its many desirable
features, TYPE V-2 Variac offers excel
lent value for your autotransformer
dollar.

SPECIFICATIONS

Price

Input Yoltage: 115 volts.
Load Rating: 0.345 kva.
Line Frequency: 50 to 60 cycles.
Output Yoltage: Overvoltage connection, 0 to 135
volts; line-voltage connection, 0 to 115 volts.
Rated Current: 2 amperes.

Type

Maximum Current: Overvoltage connection, 2
amperes; line-voltage connection, 3 amperes.
No-Load Lass at 60 Cycles: 3.5 watts.
Driving Torque: 15 to 30 inch-ounces.
Dimensions: See Figure 2.
Net Weight: 331 pounds.

Code Word

Y-2 1 2-Ampere Variac@ 1 BEADY $12.50

TYPE 1551-Pl CONDENSER MICROPHONE SYSTEM
TINY MICROPHONE EXTENDS USEFUL FREQUENCY RANGE OF

TYPE 1551-A SOUND-LEVEL METER TO 15 KILOCYCLES

During the development of the TYPE
1551-A Sound-Level Meter,' much
thought was given to the choice of micro
phone. Because of its low cost, high
sensitivity, and good frequency re
sponse, the Rochelle-salt crystal micro
phone was chosen as standard equip-

ment. It was recognized, however, that
no one microphone would satisfy all the
demands that would bemade on a sound
level meter and that special purpose or
accessory microphones would be needed.
A dynamic microphone has already been
made available

2
for those applications

'E. E. Gr058. Jr.. "TYPE 1551-A Sound-Level Meter,"
General Radio Experimenter, Vol. XXVI, No. 10, March,
1952.

2E. E. Gr058, Jr., "A Dynamic Microphone for the Sound
Level Meter," General Radio Experimenter, Vol. XXV,
No. 11, April, 1951.
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reqwrmg a long cable between micro
phone and sound-level meter. There are
also many measurements where a wide
frequency range is essential. For ex
ample, when response measurements
are to be made over the full range of
high-fidelity loud-speaker systems, the
measurement microphone must be usable
from 20 to about 15,000 cycles per sec
ond, which is well beyond the require
ments of the standard3 on sound-level
meters. Similarly, when noise measure
ments are made on jet engines, air blasts,
knitting and weaving rooms in textile
mills, or when they are made to evaluate
deafness risk' or to aid in solving an

3ASA, American Standard for Sound-Level Meters for
Measurement of Noise and Otber Sounds, Z-24.3, 1944.

'Gordon D. Hoople. "Unsolved Problems Relating to
Hearing Loss in Industry," Journal of the AcoU8tical
Society of America, Vol. 24, No.6, pp. 765-766, Novem
ber, 1952.
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annoyance problem, good high frequency
response is essential.

The new TYPE 1551-Pl Condenser
Microphone System was developed to
satisfy this need for making sound meas
urements over wide frequency ranges.
It takes advantage of the wide frequency
range of the amplifier in theTYPE 1551-A
Sound-Level Meter, and the combina
tion has a good frequency response
characteristic from 20 to 15,000 cycles
per second.

This new accessory is a portable,
battery-operated unit just as the sound
level meter is, so that the complete
measuring equipment is readily portable.
The basic elements are the condenser
microphone, a preamplifier, an extension
cable, and a battery unit. As shown in
Figure 1, the condenser microphone

Figure 1. View of the Type 1551-A Condenser Microphone System ottoched to the Type 1551-A Sound-Level
Meter. Inset shows microphone, microphone base, and preomplifler.
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mounts on a small cylindrical base which
houses a sub-miniature tubepreamplifier.
The microphone base plugs into one end
of a lO-foot extension cable which has a
tripod fitting. The other end of the cable
plugs into a compact, battery-operated
power supply, which is readily fastened
to the end of the sound-level meter cab
inet. Connection is made to the sound
level meter input or microphone socket
by a short flexible cable on the power
supply.

MICROPHONE CHARACTERISTICS
The Altec TYPE 21-C Condenser Mi

crophone used with this system is well
suited to making acoustic measurements
over wide frequency ranges. It is similar
to the earlier TYPE 21-B Microphones, 6,

but modifications in the cap have
extended the high-frequency response.
The typical response curves in Figure 2
show that the response of the microphone
to sounds normal to its diaphram (0°
or perpendicular incidence) is smooth
and essentially flat from frequencies
below 20 cycles to 8 kilocycles. The re
sponse then remains within ±3 db to
14 kilocycles. The small size of this mi
crophone is a distinct advantage from
the measurement standpoint since, as
the curves show, it limits variation in
response with changes in the angle of
incidence of sound striking the dia
phragm. Figure 2 shows that this vari
ation is less than 6 db for frequencies up
to 10 kilocycles. Larger microphones

5J. K. Hilliard, llMiniature Condenser Microphone,"
J. of the Soc. of Motion Picture and Tele;vision Engineers,
Vol. 54, pp. 303-314, March, 1950.

6R. J. Carrington, "Miniature Capacitor Microphone
Omnidirectional at All Frequencies," Electrical M anu
facturing, Vol. 48, No.4, pp. 128-133, October, 1950.

commonly used in sound measurements
are much poorer in this respect. For
example, the difference between grazing
(90°) and perpendicular (0°) incidence
response for the standard crystal micro
phone or the dynamic microphone (TYPE
759-P25)2 is 6 db at approximately
4,000 cycles. By making such com
parisons, it can be seen that this new
microphone shows a substantial im
provement in response over the micro
phone furnished with the sound-level
meter or the TYPE 759-P25 Dynamic
Microphone. The sensitivity of the mi
crophone is approximately -48 db (re
1 volt per Ilbar) which is 10 db greater
than the crystal microphone normally
used with the sound-level meter. The
output impedance is approximately
61l1lf. At low frequencies this is an ex
tremely high source impedance (over
1,000 megohms at 20 cycles), so an
amplifier with high input impedance is
required to derive maximum usefulness
from the microphone.

PREAMPLIFIER
The microphone base, shown in inset

of Figure 1, provides mounting for the
condenser microphone and houses a sub
miniature tube (TYPE CK-512-AX) con
nected as a cathode follower or imped
ance transformer. Use of the tube in this
fashion produces an output voltage near
ly equal to the signal voltage generated
by the microphone but at an impedance
level of approximately 6,000 ohms in
stead of the very high impedance of the
microphone. At this relatively low im
pedance level, cables up to 25 feet in
length can be used between microphone

Figure 2. Frequency
response chorocteris
tics for different di·
rections of incidenl
sound. These charac
teristics show the over
all response of the
Type 1551-Pl Condens
er Microphone System
with the Type 1551-A

Sound-Level Meter.
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Figure 4. The consenser microphone system is furnished
in 0 compact leather corrying cose of top-groin

cowhide.

base and sound-level meter without cable
correction. Figure 3 is an elementary
chematic diagram of the system. As is

indicated, no external grid-leak is used
to determine the bias for the preampli
fier. The insulating material supporting
the back plate structure of the micro
phone i a glass-bonded mica with a
leakage resistance of more than 107

megohms and is specially treated to re
move and seal out moisture. So long a
the leakage resistance is maintained at
this high value, the grid bias is establi hed
by the voltage gradient within the elec
tron cloud surrounding the cathode.
Under these conditions it has been found
that the bias is stable and the noi e level
over the 20-kilocycle band at the output
of the preamplifier is approximately 20
I'volts or low enough so that sound levels
of 40 db (re 0.0002 I'bar) can be meas-

MAY, 1953

ured with the system. The output of a
50-db microphone is 20 I'volts for a
sound-pressure level of 30 db (re 0.0002
I'bar).

POWER SUPPLY
The battery-operated power supply

furnishes the filament and plate supply
for the CK-512-AX tube in the pre
amplifier and the 200 volts necessary to
polarize the condenser microphone.
Polarization is achieved by raising the
cathode 200 volts above ground. The
200 volts is accurately determined by
using a precision cathode resistor and
measuring the cathode current with the
panel meter. The normal grid bias is ap
proximately -1 volt, so that when the
cathode voltage is 200 volts the polar
izing voltage is actually 199 volts. If
for any reason the grid bias increases
beyond approximately -12 volts, the
voltage drop across the preamplifier tube
exceeds 100 volts and, since theB battery
is 300 volts, it becomes impossible to set
the cathode voltage to 200 volts. Thus a
warning is given if the polarizing voltage
is in error by 6 per cent 01' more.

The power supply is contained in a
simply formed aluminum case finished
with black lacquer. As indicated in
Figure 1, it can be fastened to the end
frame of the sound-level meter. In ad
dition to the short flexible cable on the
power supply, which connects the output
of the system to the input of the sound
level meter, there is an OUTPUT jack to

Figure 3. Elementary schemotic circuit diogrom of the condenser microphone system.

CONDENSER
MICROPHONE ~'£AMPLIFIER

--:1. L_-_-_-_J --._--. L C1!s~~ TO

-Jl '_-7---+--'}---T-+---IT .r~~------~
MICROPHONE 10' CABLE OR

BASE DIRECT CONN. OUTPUT FOR
15S0-A OR 760-B

POWER SUPPLY
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facilitate connection of the microphone
system to the input of other instruments
such as analyzers or recorders.

CALIBRATION
The frequency response of the micro

phone is checked in our testing labora
tory, and the 400-cycle level of the
system is supplied. In addition, a cali
bration adaptor is included which per
mits measurement of the 400-cycle level
at any time by using the TYPE 1552-A
Sound-Level Calibrator:

APPLICATIONS
The TYPE 1551-Pl Condenser Micro

phone System offers in a small, battery
operated, and convenient package a
wide-range pickup for the sound-level
meter that will prove useful in many
sound measurements. It extends the use
ful range of the sound-level meter from
an upper limit of 8 or 9 kilocycles to 15
kilocycles. Not only is its high-frequency
operation superior to previous micro
phones that we have offered, but its low
frequency response remains constant to
20 cycles. It should prove useful in the
7E. E. Gross, Jr., "An Acoustic Calibrator for the Sound
Level Meter." Ge:neral Radio Experime:nter, Vol. XXIV,
No.7, December, 1949.

Figure 5. High.frequency sound, produced by 0 power
saw, is meosured with the sound·level meter ond con·

denser microphone system.

fields of industrial noise measurements,
checks on high-fidelity sound systems,
measurements of jet-engine noises, or
noise and sound measurements of any
type where low-, medium-, or high-fre
quency components are of special in
terest. Owing to the small size of the
microphone and microphone base, the
response is relatively independent of
sound incidence when the microphone is
mounted on a tripod and separated from
the sound-level meter. The mechanical
impedance of the microphone diaphragm
is high enough for measurements of
sound pressures in cavities, making the
microphone useful for measuring ear
phone characteristics in earphone-cou
pling cavities and for measurement of
acoustic impedance. The small dimen
sions and cylindrical shape of the micro
phone and base make the unit easily
adaptable for use as a probe microphone
for the study of noise levels in ventilating
ducts.",9

Probe tubes'O can be used with the
microphone for exploring sound fields in
small cavities where even this small mi
crophone offers an obstruction.

A probe tube can also be used where
the temperature of the sound field to be
explored is extremely high and it is
desirable to maintain some distance be
tween the microphone and the probe
point in the field."

Because of its uniform response, this
pickup system should prove especially
useful in all measurements where ac
curate analysis of all components pres-

8L. L. Beranek, J. L. Reynolds, and K. E. Wilson,
"Apparatus and Procedures for Predicting Ventilating
System Noise," J oumal of the Acoustical Society of
America, Vol. 25, No.2, pp. 313·321, March, 1953.
9Clifford E. Piestrup and John E. Wesler, "Noise of
Ventilating Fans," J oumal of the Acoustical Society of
America, Vol. 25, No.2, pp. 322·326, March, 1953.
'ORobert W. Benson, "Calibration and Use of Probe-Tube
Microphones," Journal of the Acoustical Society of
America, Vol. 25, No. I, pp. 128-134, January, 1953.
"J. K. Hilliard, "Microphone for the Measurement of
Sound·Pressure Levels of High Intensity over Wide
Frequency Range," Transactions of the IRE Professional
Group on Audio, PGA·7, pp. 38-45, May, 1952.
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ent in the noise is desired. The micro
phone is very rugged and durable and
will withstand very high sound-pressure
levels without damage. The upper limit
of measurement before its output be
comes noticeably distorted is 140 db.
When higher sound-pressure levels are
to be measured, other versions of this
microphone,12 the Altec TYPES 21BR
180 and 21BR-200, can replace the
TYPE 21-C on the microphone base for
measurements up to 180 db. For ex-
12J. K. Hilliard, "Applications of High-Intensity Micro
phones," presented at IRE National Convention, Session
38, March 26, 1953, New York City, N. Y.
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ample, the 21BR-180 can be used for
sound levels from about 60 db to 160 db.

To make the use of the condenser mi
crophone system as convenient as pos
sible, a leather carrying case, illustrated
in Figure 4, is supplied as a part of the
system. Compartments are provided for
each unit for handy storage and trans
portation of the system. With a case
such as this, the problem of keeping all
necessary components together and
easily available, whether in the labora
tory or on field trips, is neatly solved.

- E. E. GROSS, JR.

SPECIFICATIONS

Frequency Response: Useful range of the TYPE
1551-A Sound-Level Meter with TYPE 1551-P1
Condenser Microphone System is 20 cycles to
15 kilocycles. Typical frequency response curves
are shown in Figure 2.

Sensitivity: Open circuit output of typical micro
phone and preamplifier is 48 db below one volt
per microbar. This sensitivity is about 10 db
greater than the crystal microphone supplied
with the sound-level meter. When the levels of
the sound components exceed 60 db (re 0.0002
pbar) , the Condenser Microphone System can
be connected directly to the TYPE 760-B Sound
Analyzer or the TYPE 1550-A Octave-Band
Noise Analyzer.

Calibration: The output level of the microphone
system is measured at several frequencies against
a standard microphone that is calibrated peri
odically by the National Bureau of Standards.
The measured level at 400 cycles is supplied. A
Calibration Adaptor is provided for use with
the TYPE 1552-A Sound-Level Calibrator.

Maximum Safe Sound-Pressure Level: At levels
above 140 db the output of the microphone
becomes non-linear. For levels up to 180 db the
Altec TYPE 21-BR-200 can be used in place of
the Altec TYPE 21-C. (The TYPE 21-BR-200 is
not furnished as part of the TYPE 1551-Pl.)

Cable Correction: 0 correction is necessary for
the 10-foot cable supplied.

Internal Noise Level: Under normal conditions
the noise level of the TYPE 1551-P1 Condenser
Microphone System is low enough to permit
satisfactory measurements of sound-pressure
levels as low as 40 db (re 0.0002 pbar).

Output Terminals: A short flexible output cable
on the power unit plugs into the microphone
socket of the TYPE 1551-A Sound-Level Meter
in place of the standard crystal microphone. In
addition, a jack located on the side of the power
supply provides a direct connection to the
TYPE 76D-B Sound Analyzer or the TYPE 1550-A
Octave-Band Noise Analyzer.
Ba"eries: One 1~-volt size-D flashlight cell
(Eveready 950 or equivalent) and one 300-volt
B battery (Eveready 493 or Burgess V-200)
are supplied.
Tubes: One Raytheon Type CK-512-AX is
supplied in the TYPE 1551-Pl-25 Mierophone
Base.
Mounting: Microphone on microphone base
plugs into one end of 10-foot cable, which has
fitting to mount on the tripod. Other end of 10
foot cable connects to power supply unit, which
fastens to the end frame of the Sound-Level
Meter.
Dimensions: Microphone - (diameter) % x
(length) 2~4 inches; Microphone Base - (di
ameter) ~ x (length) 3 inches; Power Supply
(height) 7 x (length) 3U x (width) 7~ inches.

Leather carrying case with compartment for
microphone and microphone base, power supply,
1D-foot cable, and calibration adaptor has over
all outside dimensions of approximately (height)
7 x (length) 5~ x (width) 8~ inches.
Net Weight: Altec 21-C Microphone, less than
~ oz.

Microphone and Base, 1.2 oz.
Power Supply, 3 lbs. 11 oz.
Complete System in Carrying Case, 7 lbs.

6 oz.

Type Code Word Priu

1551-Pl I Condenser Microphone System I NONAL $225.00
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VISITORS FROM OVERSEAS

8

The recent annual convention of the
Institute of Radio Engineers afforded a
welcome opportunity to greet many of
our friends from overseas. Among those
visiting our plant after the convention
were:

Mr. Marius Berlin, of Radiophon,
Paris, exclusive distributors for General
Radio products in France and the
French colonies; Mr. John C. Lager
crantz, of Stockholm, exclusive dis
tributor for Sweden; and Mr. Harnam
V. Montwane, of Eastern Electric and
Engineering Co., Bombay, exclusive
distributors for India.

We were also privileged to have as
guests at our booth in the Radio En
gineering Show, and later at our factory,
a group of nine over eas business men
from Latin America and European coun
tries, who are now on a five-weeks' tour
of electronic plants in the United States.
This group, all engaged in selling elec
tronic equipment of U. S. manufacturers
in their respective countries, are repre
sentatives of Ad. Auriema, Inc., New
York export agents for U. S. firms. The
accompanying photograph shows the
group in the General Radio booth at the
Radio Engineering Show.

(left to right) Mr. Mario R. Aguilar, Mexico City; Mr. John Dorman, Ad. Auriema, Inc.; Mr. Richard Bohn, Ad.
Auriemo, Inc.; Mr. Edmund C. Paca, Ad. Auriema, Inc.; Mr. Nathan Blomhof, Brussels, Belgium; Mr. Guillermo lucas
Royo, Havana, Cuba; Mr. Joseph Sedacca, Ad. Auriema, Inc.; Mr. Angel Mokuvos, Montevideo, Uruguay; Mr.
Barnett Phillips, Ad. Auriema, Inc.; Mr. Leopolda Brandt, Buenos Aires, Argentina; Mr. Andres Lora Saenz, Madrid,
Spain; Mr. Anthony Forani, Brussels, Belgium; Mr. Ad. Auriema, President, Ad. Auriema, Inc.; Mr. R. C. Auriemo,
Ad. Auriema, Inc.; Mr. J. Augusto Gerlinger, Sao Paulo, Brazil; Mr. Richard Minnich, Ad. Auriemo, Inc., and Mr.
S. W. DeBlois, Export Manager, General Radio Company.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TRowbridge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WOrth 2·5837

LOS ANGElES 38, CALIFORNIA
1000 NORTH SEWARO STREET

TE l.-H Ollywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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APPROXIMATE FREQUENCY ANALYSIS

FROM WEIGHTING-NETWORK DATA

IN ACOUSTIC NOISE MEASUREMENTS

-Editor

Fi9ure 1. View of the Type 1555
A Sound·Survey Meter. When
noise measurements are made
with this instrument, the approxi
mate frequency analysis is par-

ticularly useful.
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• IN THE EVALUATION of the char
acter of a noise, there is no adequate sub
stitute for a frequency analy is by either
a continuous-spectrum analyzer or an
octave-band analyzer, whether the purpose
of the measurement be to determine the
characteri tics of a noise source or to es
timate the effect of a noisy environment,
In ome noi e urveys, however, which are

commonly made with a single instrument, such as the TYPE 1555-A.
Sound-Survey Meter, it is often helpful to be able to estimate the
spectral distribution of the noisp,

The following article by :\lr. .Jprome R. Cox, Jr., of the Loss Pre
vention Department,
Liberty Mutual Insur
ance Company, ou tlinrs
a method of making this
pstimate.
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The standard sound-level meter' has
three weighting networks, which have
the frequency characteristics shown in
Figure 2. One of these is usually selected
for a given measurement according to
the observed level, so that only one
reading is taken. Actually, of course,
ince these weighting networks differ

in frequency response, one can expect
to learn more about the noise by taking
three readings than by taking only one.
Consequently, many engineers regu
larly use all three weighting networks
whenever they measure a noise.

On the basis of the relative readings
obtained by using the three weighting
networks, some estimate of the distri
bution of noise energy as a function of
frequency is often made. This estimate
is usually colored by the experience
and intuition of the engineer, particu
larly when he is guided by a subjective
estimate of the sound.

It is possible, however, to set up a
systematic procedure to estimate the
approximate frequency distribution. As
an initial attempt in this direction, the
set of charts shown in Figure 3 has been
prepared. Obviously, this method of de
termining the spectrum of a noise is

'ASA Z24.3-1944. Sound-Level l\Ieters. American
Standards Association.

not an accurate one; the weighting
networks are not designed to perform
the function of frequency analysis, and
the tolerances on the response of the e
networks are comparatively large.

Division into Three Bands

Since there will be three readings for
each noise, it has been assumed that
approximate levels in three bands could
be obtained. A study of the network
characteristics led to a division of the
spectrum as follows: A low-frequency
band from 20 to 150 c; a middle fre
quency band from 150 to 600 c; and a
high-frequency band from 600 to 8,000 c.
For comparison, the eight bands of the
octave-band analyzer are 20 to 75 c,
75 to 150 c, 150 to 300 c, 300 to 600 c,
600 to 1200 c, 1200 to 2400 c, 2400 to
4800 c, and 4800 to 10,000 e.

The band from 600 to 8,000 c seems
unusually wide, but it is easy to see that
this width is dictated by the network
characteristics. Figure 2 shows that
the response of the three networks is
essentially the same above 600 c. Thus
a noise that has no components below
600 c would give nearly the same read
ings on a sound-level meter for all three
weighting networks, and one could not
tell directly from the three level read-

Figure 2. Frequency reo
sponse chorocteristics for
sound-level meters. Ameri
can Standard for Sound
Level Meters, Z24.3-1944.
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LC = level reading obtained when using the C-weighting network =Over-alf Level.

Lc - LA =Difference in readings of level with C-weighting and A-weighting networks.

LC - LB =Difference in readings of level with C-weighting and B-weighting networks.

Lc - LI =level to be subtrocted from the C-weighting level to obtain "low-Band" (20-150 c.p.s.) level.

Lc -Lm =level to be subtracted from the C-weighting level to obtain "Middle-Band" (150-600 c.p.s.) level.

Lc - Lh =level to be subtracted from the C-weighting level to obtain "High-Band" (600-8,000 c.p.s.) level.

Figure 3. Curves for calculating an approximate
frequency analysis in three bands from level read
ings taken when using the three sound-level meter
weighting networks. The measured volue of Lc - LA is
entered at the abscissa of each graph, proceeding
vertically to the curve labeled with the measured
value of Lc - LB, then horizonially to the ordinate
value for each of the three bands corresponding
to the difference between the individual band levels

and the over-all level.

iugs anything about the distribution
within this broad band. Here is where
an experienced engineer can use his
subjective estimate of the noise to dis
tinguish between a broad-band hiss and
a narrow-band, pitched noise. Fre
quently, he can in this way make a good
estimate of how the noise energy is
distributed in this high-frequency band.

Incidentally, the directivity charac
teristics of the microphone at high
frequencies can also be helpful in mak
ing this estimate, but a discussion of
that procedure will not be attempted
here.

HIGH BAND (600-8,OOOcps)
Lc- La: 2 :3 4 5 6 7 deci bels
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Description of Charts

The charts of Figure 3 were prepared
by a method of successive approxima
tions from the characteristics of the
three weighting networks. This method
used experimental data taken on in
dustrial noise spectra to make the final
adjustment of the curve. The distri-
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Figure 4. Rating cha rt for office noises. (Courtesy
Beranek and Newman)

Examples of Use

An analysis of the frequency distri
bution of the noise energy is usually
essential for the satisfactory solution

proximate level III each of the three
bands.

Accuracy of Technique

A number of field measurement,
which included both octave-band analy
ses and sound-level readings on all three
networks, have been used to test the
validity of these charts. The band levels
computed from these charts were com
pared with levels for the same bands
computed from the octave-band analy
ses. The comparison indicates that band
levels corresponding to solid portions
of the curves on the graphs are usually
accurate to ±3 db. There is a significant
percentage of irregular cases, however.
For example, if the noise energy is con
centrated in a narrow band, which is
true for a pure tone, or if the noise
fluctuates markedly in level with time,
larger errors than ±3 db can be ex
pected. If the A, B, and C readings can
not be repeated within 0.5 db, good ac
curacy cannot be expected.

Certain noises in which the energy
is localized at one end or the other of
the lower and middle bands cannot be
analyzed by this method. Usually this
type of spectrum will result in Le-LJl
values that do not fall on the Le-LB

curves. Here, again, an experienced ob
server can sometimes use a subjective
estimate of the noise to guide him in
estimating the spectrum when the
charts fail, but little confidence should
be attached to extrapolation of these
curves. Similarly, the dotted portions of
the curves are regions of poor accuracy.
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UNSATISFACTORY
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bution of energy in these spectra did
not vary rapidly with frequency.

The charts use the symbol L for a
level in decibels (all with respect to
the standard reference level of 0.0002
ILbar) , and a subscript on this symbol
i used to designate a particular level.
For example, Le i the level reading
obtained when using the weighting net
work labeled C, and Le-L/1 is the dif
ference in readings of level with C
weighting and A-weighting networks.
The subscripts l, 1n, and h are used to
designate the low-frequency band (20
150 c), the middle-frequency band (150
600 c), and the high-frequency band
(600-8000 c), respectively.

The charts are used as follows:
1. Obtain the difference in readings

of level with the C-weighting and A
weighting networks (Le-LA ) and with
the C-weighting and B-weighting net
works (Le-LB ).

2. On each graph find the point on
the abscissa that corresponds to the
observed level difference Le-LJl. Pro
ceed vertically from this point to an
intersection with a line labeled with the
observed level difference Le-LB . Then
proceed horizontally from this point of
intersection to find the level to be sub
tracted from Le.

3. Subtract from Le the level ob
tained in this fashion on each of the
three graphs. The result is then the ap-

VERY
Qmrr

omrr

VERY NO

WOO£RAT
NOlSY
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.000

20 30 ~ so eo TO "
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of a noise problem. The analysis ob
tained from the charts of Figure 3 i
only a partial tep in providing the in
formation required for a solution, but
it usually gives a better idea of the
magnitude of the problem than one can
obtain from a single sound-level read
ing. In addition, subsequent measure
ments and analyses can be more ade
quately planned after the preliminary
survey has been made.

In order to interpret the band levels
given by this partial analy i , it is us
ually helpful to convert the levels into
values similar to those used for the oc
tave-band analyzer. For example, the
speech-interference level

2
,3 is a useful

reference value that can be obtained
from an octave-band analysi. With
slightly less accuracy than the band
charts have, this speech-interference
level is approximately equal to the level
in the high-frequency band Ie s 6 db
2 Leo L. Beranek, .. Noise Control in Office and Factory
Space." Tran.Ractions of Chemical-Engineering Confer
l"Tlces, Bulletin No. 18, 1950. Industrial Hygiene Founda·
tion, ~Iellon Institute, pp. 26-33.
3JI. O. Parrack, "Physiolog.ical and Psychological
Effects of Noise," Proceedings of the Second Annual Noise
Abatement Symposium. October 5, Hl51. pp. 21-38.
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(speech-interference level = Lh -6). If
thi::; speech-interference level is high,
the ability to conver e will be eriou ly
interfered with. For example, if you are
trying to give involved instructions to a
workman two feet away, your voice will
have to be very loud to be heard satis
factorily when the noise produces a
speech-interference level of 70 db.

Another use of speech-interference
level is in rating office noises

2
a shown in

Figure 4. The e curve can be u ed to de
termine the desirability of noise control.

An analysis of the noise is also im
pOl-tant for planning the steps nece sary
for reducing noise levels, since the mo t
suitable control measures depend on
the frequency spectrum of the noise.
For example, the ordinary acoustic
treatment has little effect at low fre
quencies. Because this simple three
band analysis does indicate ho\\- the
noi e energy is distributed, one can usc
the results of the analy is a a guide in
selecting the noi e reduction technique
to be tried in a given situation.

-J. R Cox, .JR.

Figure 5. Determining noise level and speech-interference level in a business office with the Type 1551-A Sound
Level Meter.
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Figure 1. View of the modifled dielectric sample
holder with the special cover plates installed.

To simplify the measurement of solid
dielectric samples over a considerable
range of temperature, the Research Lab
oratories of the Tennessee Eastman
Company, Division of Eastman Kodak
Company, have developed an interest
ing modification of the TYPE 1690-A Di
electric ample Holder. This modifica
tion avoids the long leads usually asso
ciated with a conditioning oven, which
ordinarily requires a three-terminal sys
tem to eliminate the effects of lead
capacitance.

As indicated in Figure 1, the remov
able covers at the ends of the main body
of the sample holder have been replaced
by specially designed covers fitted with
tubular connections to permit the circu
lation of heated or cooled air through
the holder.

The covers, which are shown in detail
in Figure 2, are hollow chambers. Air

is fed into the tubular intake and ex
hausted at lower velocity into the sample
compartment through a slot of five times
the intake area. Air leaves the sample
compartment through the slot in the
other cover. The entire cell is thus a
plenum chamber in which the pressure
is maintained well above atmospheric
level. The location of the slots (intake
at the bottom of the cover, outlet at the
top) produces sufficient turbulence to
avoid hot spots.

The compressed air supplied to the
cell is heated by passage through a spiral
copper tube in intimate contact with
an electrically heated aluminum block.
This modified sample holder has been
used successfully at temperatures up
to 110°C.

The complete measurement setup,
consisting of a TYPE 716 Capacitance
Bridge, a TYPE 1231 Amplifier and ull
Detector, and a TYPE 722 Precision
Condenser, is shown in Figure 3.

Although used by Tennessee Eastman
at audio frequencies, the arrangement
described has particularly interesting
possibilities at higher frequencies. The
measuring circuits may be used in a nor
mal manner, obviating the problems of
placing the specimen holder or the

Figure 2. Close-up view of the covers, showing the
slots through which air is pumped into, and exhausted

from, the sample compartment.
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measuring circuits themselves in a con
ditioning chamber.

Editor's Note:

The information on which the fore
going article is based was furnished by
Mr. R. G. Devany of the Research Lab
oratories, Tennessee Eastman Com
pany. The covers for the sample holder
were made by Mr. Blake Chapman of
the Instrument Development Shop,
Tennessee Eastman Company, Kings
port, Tenn.

Figure 3. View of the measuring assembly at the
Tennessee Eastman Company laborotories, showing
the modlfled sample holder connected to a Type 716

Capacitance Bridge.

JUNE, 1953

A CLIP-TYPE LOCK FOR TYPE 874 CONNECTORS
General Radio TYPE 874 Connectors

have been designed for best electrical
performance and greatest convenience
in use in the laboratory. The screw lock
found on most coaxial connectors has,
therefore, been omitted, because the
sliding friction between mated connec
tors is sufficient under ordinary con
ditions to prevent accidental opening.

In setupswhere line length must bead
justed frequently, some kind of lock be
tween connectors may be desirable. The
flared ends on the outer conductors of the
TYPE 874 Connectors make it possible to

Type

use an extremely simple locking device.
The TYPE 874-Y Cliplock, designed

for this purpose, consists of a flat, stain
less-steel spring, which is easily rolled
over the joint of two connectors to pro
duce a compact, neat, locked joint. The
edges of the spring fit betwee!?- the over
lapping flanges of a mated connector
pair and prevent it from pulling apart.
To increase the holding power of the
lock, the spring has been pre-stressed
to make it a Negator.'
'w. J. Cook and P. C. Clark, Product Engineering. July,
1949; H. Mankonen, InstrumentB, 1952; F. A. Votta, Jr.•
Paper No. 51-F-ll. The American Society of Mechanical
Engineers, June, 1951.

Code Word Price

874-Y I Cliplock · • 1 COAXLOCKER I 10 for $1.75

The Cliplock before installation. To install, simply roll the spring around the mated connectors. Spring clings
tightly to connectors, holding them flrmly together.
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SUMMER CLOSING

Vacation - During the weeks of July
27 and August 3 most of our employees
will be vacationing. Manufacturing de
partments will be closed, and other de
partments will be manned by a skeleton
tafT. Every effort will be made to take

care of urgent busines , but repair can
not be made, except in hardship cases.
Our Service Department requests that
shipments of material to be repaired be
scheduled either to reach us well be
fore this vacation period or delayed until
afterward.

Recent Visitors to the General Radio
Plant and Laboratories - Mr. Harold
Page, Head of Radio Section, Re earch
Department, Briti h Broadca bng Cor
poration; Dr. Otto Brune, Principal
Re earch Officer, Xational Physical

Laboratory, Pretoria, outh Africa;
and Dr. Tatsuo Hayashi, Director,
Radio Precision Corporation, Osaka
Fu, Japan.

ERRATA

Our attention has been called to an
error in the diagram on page 7 of the
March issue of the Experimenter, in the
article entitled, "Portable Test Auto
transformers."

In the leads to the selector switch,
the lead to the witch arm shown as
230V should have no markings; the lead
shown as 270V should be 230V; the lead
to the other point on the switch should
be marked 270V.

On page 1 of the March issue, the
date of publication of Mr. Giacoletto's
article (footnote 2, page 1) hould have
been given a March, 1953.

TilE General Radio EXI'ERIME TER is mailed without charge each
month to engineers, scientists, technicians, and others interested

in comrnunication-frequency measurement and control problems.
When sending requests for subscriptions and address-change notices,
please supply the following information: name, company address, type
of business company is engaged in, (md title or position of individual.
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NEW YORK 6, NEW YORK

90 WEST STREET
TEl.-WOrth 2·5831
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REPAIR SERVICES
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920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2·3820

WEST COAST
WESTERN INSTRUMENT CO.

826 NORTH VICTORY BOULEVARD
BURBANK, CALIFORNIA
TEl.-ROckwell 9·3013

CANADA
BAYlY ENGINEERING. LTD.

5 FIRST STREET
AJAX. ONTARIO

TEl.-Toronto WA·6866



~ n a~O

~~1 PEBIMENTEB
~

VOLUME XXVIII No.2 JULY, 1953
Copyright, 1953, General Radio Company, Cambridge, Mass., U. S. A.
~--~

Figure 1. Panel view of the Type 1932·A Distortion and Noise Meter.
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'The TYPE 1931-A Modulation Meter i8 used from.5 to 60 megacycles, the TYPE 874-VR Voltmeter
Rectifier plus a simple L-C filter at VHF and UHF.

A SIMPLIFIED SYSTEM OF WAVE
ANALYSIS FOR PRODUCTION TESTING

• ALTHOUGH DESIGNED principally
for measuring distortion and noise in broad
cast systems, the TYPE 1932-A Distortion
and Noise Meter has also been found to
be an indispensable laboratory tool for
making quickly and accurately any adjust
ment that affects the distortion, hum, or
noise output of communications apparatus.

Properly used, this instrument provides a rapid, visual, complete, and
continuous analysis of the undesirable by-products appearing in the
output of such equipment.

In the General Radio Standardizing Laboratory, the TYPE 1932-A
is used for testing audio oscillators, amplifiers, power supplies, and, in
conjunction with suitable demodulating equipment,' ignal generators
of all frequencies. It is also used as a voltage indicator in attenuator
and filter measurements, as a null indicator for audio-frequency bridge
work, and as a frequency meter. Because of its reliability and its ease of
operation, it has, wherever applicable, completely supplanted other
types of wave analyzing equipment.

-.I
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CR.O

2

SIGNAL SOURCE
UNDER TEST

TYPE 1932-A

V H

Figure 2. Test Setup for Visual Wove Analysis (top view).

The procedure is as follows: Set the signal source to any frequency in the range of SO cycles to IS kilocycles,
and to any output within the range of 1.05 10 100 volts; calibrate the Type 1932-A, using its 100 Kfl input;'
adjust the CRO gain controls to give a 1:1 Lissajous pattern (a diagonal line at most frequencies); cut in the null
network of the Type 1932-A, and adjust it to eliminate the fundamental frequency component of the signal; set
the push-button attenuator to give an on-scale meter indication. The distortion and noise by-products of the
signal will now be presented graphically on the CRO in a form that can readily be analyzed, as well as being
numerically summed up by the panel meter of the Type 1932·A.

2The 6OO-ohm input i~ a bri~ging (tcansformer) input, intended for broadcaBt use on. program !ineo. It should be used
only when a balanced lDput IS requued, for It restncts somewhat the frequency and distortion range of the lDstrument.
It ia not a matching network for 600-0hm allatema.

The TYPE 1932-A Distortion and
oise Meter consists of a high-gain am

plifier with an R-C interstage coupling
unit that balances to a sharp null, a cali
brated attenuator for adjusting the sensi
tivity, and a vacuum-tube voltmeter.
The null network, which is continuously
adjustable in frequency, eliminates the
fundamental of the audio-frequency
signal, and the distortion products that
remain are indicated on the panel meter.
The null network is switched out of the
circuit for noise and hum measurements,
so that the instrument operates as a
highly sensitive voltmeter.

When the null network is tuned to
the fundamental frequency of a signal
in the frequency range of 50 cycles to
15 kilocycles, the meter indicates the
total value of all by-products present:
harmonics, hum, and noise. The simple
expedient, however, of connecting an
oscilloscope to plot these by-products
versus the total input signal enables

the user to recognize, to evaluate, and, if
necessary, to correct for whatever distor
tion or noise components happen to pre
dominate. The only special skill required
of the operator is the ability to recognize
a few simple Lissajous patterns.

ANALYSIS OF WAVE FORMS

The Lissajous pattern appearing on
the CRO will contain two components,
the one stationary, the other in motion.
The stationary component comprises the
distortion, stationary because of the
synchronism between x-axis and y-axis
signals; the moving component com
prises the noise (usually hum), moving
because a non-synchronous or random
relationship exists: In a given noise
distortion test, therefore, a glance at the
CRO pattern immediately resolves the
problem into either one of distortion or
one of noise.
3In the special case where the signal itself is derived from,
and harmonically related to the power frequency, no
distinction between hum and distortion can, of course,
be made.



3

Assume the problem is one of distor
tion. Since this test procedure is limited
to communications equipment, or rather
to nominally sine-wave signals, the only
harmonics that need be considered are
the second and the third. The only
Lissajous patterns, therefore, that enter
into the analysis of the distortion, regard
less of the fundamental frequency in
volved, are the simple 2:1 pattern, the
simple 3:1 pattern, and various com
binations of the two in which, generally,
one or the other will predominate. Hence
the principal skill required of one who
uses this method of analysis is to be able
to discern whether the Lissajous pattern
is primarily 2:1 or 3:1. Having deter
mined this (at a glance), he will know

JULY, 1953

what corrective action to take-whether
to shift an operating point or bias (second
harmonic), or to replace a component
with limited dynamic range (third har
monic). Furthermore, the total effect of
any such action will appear immedi
ately. Typical distortion patterns are
illustrated in Figure 3.

When the problem is primarily one of
noise, the moving part of the pattern
will be larger than the stationary part
(see Figure 3). Where noise (hum) ad
justments are provided, they can be
set to minimize this component. Should
analysis of the noise be desired, the
horizontal axis of the eRO can be
switched to the power frequency to
"stop" the hum components (see Figure

Figure 3. Typical distortion and hum patterns. In each case the patlern on the left is produced with power-line
frequency synchronization, the pattern on the right with signal-frequency synchronization.

(1) 5 kc fundamental
Second harmonic 5 times third

egligible hum

(2) 5 kc fundamental
Second and third harmonics about equal
Hum (second harmonic) about 10% of total

(3) 5 kc fundamental
Third harmonic 10 times second
Negligible hum

(4) Line-frequency hum predominant
Distortion same as in (2) above
This pattern was produced by introducing

line voltage into the grid circuit of the
oscillator under test

Figure 3 (continued on page 4)
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3). If in a given problem both distortion
and hum are appreciable factors, both
horizontal axes can be supplied simul
taneously by means of an electronic
switch.

Thus a single setup, with one quick
adjustment, supplies all the information
required to adjust bias controls, drive
controls, B+ voltages, hum-bucking con
trols, and any other variables that may
affect the linearity and hum-content of
the equipment under test. The effects

of such adjustments are monitored in
stantly, continuously, and completely.
From the standpoint of speed as well as
of thoroughness and accuracy, the sys
tem leaves little to be desired.

A serious limitation can occur when
one attempts to measure very low values
of distortion and noise, unless the normal
test procedure is modified. The resid
ual distortion and hum of the distortion
meter itself can be as high as 0.1% on
some ranges, if operated in the normal

Figure 3 (continued)

(5) 1 kc fundamental
Power supply ripple predominates because

plate voltage regulator is not functioning
properly. Total distortion is 1.5%; third
harmonic is twice second. Relative hum
amplitudes are:

Frequency 1~1120 /180 1240 1300
Amplitude 100 100 60 80 50

(6) 1 kc fundamental
Second harmonic 8 times third
Negligible hum

(7) 1 kc fundamental
Second harmonic 12 times third
Negligible hum

(8) Second harmonic 2 times third, plus higher
order harmonics

(9) 1 kc fundamental
All hum and distortion products about

equal. This is the output of a TYPE
1301-A Low-Distortion Oscillator at
optimum adjustment.

Total noise and distortion at this frequency
was 0.05%.
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manner. Hence, in evaluating distor
tion and hum in the order of .5% or
less, the user can be misled as to both
the quantity and the nature of the un
desired signal by-products. Means are
provided on the distortion and noise
meter, however, both to determine the
magnitude of the residual voltages and
to make them negligible as a factor in
measurements of .1% or less"

Residual hum (in the distortion
measuring circuit) causes a residual
meter indication when no input signal
is present, and is therefore easily recog
nized. It is most pronounced on the
lowest frequency range and on the lowest
(most sensitive)' attenuator position. An
adjustment is provided to minimize it,
but it is still an important factor in
making noise-distortion measurements
of the order of .1% or less. To minimize
error in analyzing the hum content of
such signals, the hum should be evalu
ated at a signal frequency above 150
cycles, if possible, and with the TYPE
1932-A calibrated at its normal (1.5
volts) input level. In any event, when
ever the distortion pattern exhibits a
high hum content, the input signal
should be disconnected momentarily to
determine whether the hum is residual
or is a signal by-product.

Residual distortion can be virtually
eliminated simply by operating at a sig
nallevel 10 db below the 1.5-volt normal
input. In practice, this consists merely
of using a different attenuator setting
from that normally used, and a corre
sponding meter scale. All General Radio
TYPE 1301-A Low-Distortion Oscillators
(rated at not more than .1% total distor
tion and noise) are tested by this method.
'The residual hum described here applies only to dis
tortion measurements, because it is introduced in the
distortion-measuring circuits of the TYPE 1932-A. In
noise measurements, when the noise constitutes the total
signal being measured. this circuit is not used, and conse
quently residual noise and hum are negligible (more than
80 db below zero dbm level).
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A further limitation must be consid
ered when measurements are attempted
in the presence of r-f voltages, as in
demodulated carrier signals, beat-fre
quency oscillator outputs, and the like.
No provision for radio-frequency filter
ing is made in the TYPE 1932-A, and
such filtering, if necessary, must be in
serted ahead of the input. The same
considerations apply as for any high
gain audio-frequency amplifier.

SOME EXAMPLES OF
USES OF VI SUAL ANALYSIS

A typical example of the usefulness
of this system of wave analysis is the
laboratory adjustment of the TYPE
1302-A (R-C) Oscillator. In this instru
ment nineteen variables must be set
correctly to give the desired operating
conditions at all frequencies. To adjust
them by conventional methods at one
time required a great deal of painstaking,
point-by-point analysis of circuit be
havior. When the test procedure was
modified to employ the visual-analysis
system described above, it was quickly
learned that all information :o.ecessary
to make the adjustments appeared on
the CRO distortion pattern at certain
settings of the panel controls, and that
adjustments optimized by eye (visual
analysis), even without regard to the
numerical values involved, always re
sulted in a level of performance that was
well within specifications. Currently,
using this method, the average test time
on this instrument is half what it for
merly was.

Even in the design and development
field, this system has proved valuable.
A recently developed audio oscillator
incorporated a push-pull output circuit
supplied by a direct-coupled driver.
Conventional methods of wave analysis
indicated that the circuit, as first set up,
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Figure 4. Elementary schematic circuit diagram of the distortion and noise meter.

would develop, at best, almost .5% dis
tortion at rated output. Examination
of the distortion by-products by visual
analysis, however, indicated that some
thing was wrong; to achieve minimum
distortion required an abnormal, seri
ously unbalanced bias in the push-pull
stage. Upon further investigation, a cir
cuit error was located and corrected.
The revised circuit developed rated out
put with greater efficiency and with less
than half the distortion originally pres
ent. The conventional wave analysis
had, of course, correctly measured the
distortion of the original circuit, but had
failed to indicate optimum circuit condi
tions.

SO MUCH INFORMATION,
SO FAST!

To sum up, therefore:
The TYPE 1932-A Distortion and
oise Meter, when used in conjunction

with a CRO so connected as to plot its
output versus its input, supplies the

following useful information concerning
a nominally sinusoidal signal supplied
to it:

1. An approximately rms summation
of the distortion and noise by-products
of the signal, in per cent or in db below
some reference.

2. A distinction between distortion
and noise, immediately apparent to the
eye.

3. A distinction between second har
monic and third harmonic distortion
when one or the other predominates.
Only two basic Lissajous patterns apply.

4. An indication of optimum condi
tions, whenever adjustments are made
that affect distortion or noise.

When the x-axis of the CRO is switched
to a voltage of line frequency, further
information is supplied regarding the
hum components present. If the x-axis
switching is done continuously, as with
an electronic switch, all of the above
information is supplied instantly and
continuously, as adjustments are made.
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While precise numerical values of
these various frequency components are
not defined, their relative magnitudes are
accurately portrayed. Wherever this
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amount of information is adequate for
the purposes at hand, as, for instance,
in production testing, the system leaves
little to be desired.

-W. P. BuucK

VARIAC CONTROL OF HEATERS
The Variac® autotransformer offers

a convenient means of controlling the
input to electrical heaters. The Variac
circuit shown here can be used in auto
matic control to maintain constant tem-

2

I

LINE
3

perature in ovens and baths, and is par
ticularly useful where an adjustable
thermostat is used to obtain successive
temperature settings.

THERMOSTA7:.

LINE OR
BATTERY
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W
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MISCELLANY
Papers - By Harold B. Richmond,
Chairman of the Board, General Radio
Company: "Incentives as a Tool of
Management," at the May 7 meeting of
the Professional Group on Engineering
Management, Washington, D. C., Sec
tion, Institute of Radio Engineers; and

"Patents and Licenses," at the Elec
tronics Group Meeting, Scientific Ap
paratus Makers' Association, White
Sulphur Springs, West Virginia, May 25.
Since neither of these papers has been
prepared for publication, copies are not
available for distribution.
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General Radio products will be on
display in Booths 913 and 914 at the
Western Electronic Show and Conven
tion to be held in the Civic Auditorium,
San Francisco, August 19, 20 and 21.

Among the General Radio instru
ments shown will be:

Type 1217-A Unit Pulse Generator 
a small, compact, inexpensive generator
of pulses, with rise time as short as 0.05
microsecond and repetition rates be
tween 30 and 100,000 cps.

Type 1000-P7 Balanced Modulator 
a crystal-diode modulator designed to
operate on the output of standard-signal
generators to produce 100% amplitude
modulation without incidental fre
quency modulation. Carrier frequency
range is 60 to 2500 megacycles, and
modulating frequencies up to 20 mega
cycles can be used. Pulse modulation

can also be applied, with rise times as
short as 0.02 microsecond.

Limit bridges for measuring d-c re
sistance and for comparing resistors,
capacitors, and inductors at audio-fre
quencies.

Sound-measuring equipment - a com
plete line of sound-level meters, ana
lyzers, and accessories for the measure
ment of noise and other sounds.

Type 1602-B U-H-F Admittance Meter,
with a full line of accessories, set up to
measure television transmitting an
tennas.

Variac® autotransformers with General
Radio's new Duratrak contact surface
that stands up under punishing over
loads - an outstanding development
that makes the variable autotrans
former as durable as a fixed-ratio
transformer.

SUMMER CLOSING

Vacation - During th~ weeks of July
27 and August 3 most of our employees
will be vacationing. Manufacturing de
partments will be closed, and other de
partments will be manned by a skeleton
staff. Every effort will be made to take

care of urgent business, but repairs can
not be made, except in hardship cases.
Our Service Department requests that
shipments of material to be repaired be
scheduled either to reach us well before
this period or delayed until afterward.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH 0 NE: TR owbridge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEl.-WOrth 2·5831

LOS ANGELES 38, CALIFORNIA
1000 NORT H SEWARD STREET

TEL.-HOllywood 9·6201

REPAIR SERVICES

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2·3820

WEST COAST
WESTERN INSTRUMENT CO.

826 NORTH VICTORY BOULEVARD
BURBANK, CALIFORNIA
TEl.-ROckwell 9·3013

CANADA
BAYLY ENGINEERING, LTD.

5 FIRST STREET
AJAX, ONTARIO

TEL.-Toronto WA·6866
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figure 1. Close-up of the Type 1602-8 U-H·f Admillance Meter.

IMPROVED ACCURACY AND CONVENIENCE
OF MEASUREMENTS WITH TYPE 1602-B ADMITTANCE

METER IN VHF AND UHF BANDS

• IN ITS THREE YEARS of field use,
the TYPE lG02-A Admittance Meter'
has proved to be a valuable and flexible
instrument for the measurement of im
pedance and admittance at frequencies
between 20 and 1500 ~1c.

Its inherent utility has been greatly in
creased by the availabibty of accessories'

Page
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75-01Hl LIN'::;; WiTH
THE AJ):\ll'rTANCE
METEl~ 7

,4140
IN THIS ISSUE

1\\,. R. Thurston, "}\. Direct-RcadioA" Irnpedancc :\Ieasuring Instrument for the U-Jl-F Range,"
General Radio Experimenter, Vol. 24, o. 12, :\Iay, 1950.
2"New Coaxial Acce sories - Adaptors. Line Stretcher, Component l\lount, Balun, Terminatious,
and Insertion Unit," General Radio Experimenter, Vol. 27, o. 5. October, 19.)2.
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GENERAL RADIO EXPERIMENTER 2

Figure 2. View of the Admittance
Meter and balun as assembled
for the measurement of a

balanced transmission line.

to eliminate corrections and to facilitate
the measurement of components, an
tennas, and balanced circuits. These
acce sories include:

(1) The TYPE 874-LK Constant-Im
pedance Adjustable Line, which can be
adjusted to a half- or a quarter-wave
length to make the Admittance Meter
direct reading in the admittance or im
pedance at the point where the unknown
impedance i connected, without the use
of Smith charts to correct for line length.

(2) The TYPE 874-M Component
Mount, which provide a convenient
means of connecting resi tors, capacitors,
and inductors to the 50-ohm coaxial line
throughwhich theimpedanceis measured.

(3) The TYPE 874-LB Balun, a bal
anced-to-unbalanced impedance trans-

former, which makes possible the
measurement of impedance and VSWR
of balanced 300-ohm circuits and of HF
receiving antennas.

(4) Low-reflection adaptor to most of
the commonly used types of coaxial con
nectors, to facilitate connections to
equipment fitted with connectors other
than the General Radio TYPE 874.
Adaptors are al 0 available for connec
tion to VHF and UHF television trans
mitting antenna systems.3

RECENT IMPROVEMENTS
Since the original model was intro

duced, several method of adding to the
operating convenience and accuracy
have been developed. One of these im
provements eliminates the effect of the
junction inductance, which causes errors
at the higher frequencies; another one
makes possible higher accuracy when
multipliers larger than unity are u ed;
and a third extends the directrreading,
low-frequency range and also eliminates
the need for the long awkward stub. The
type number of the improved instru
ment has been changed to the TYPE
1602-B Admittance Meter to avoid con
fu ion with previous models.

Junction Inductance
The basic principle behind the method

used to eliminate the effect of junction
3To be described in a future issue of the Experimenter.

Figure 3. View of the Admittance Meter as set up for measurement of a resistor,
showing the line stretcher and component mount.

I
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inductance is similar to that used on the
TYPE 1601-A VHF Bridge to compen
sate for the capacitance of the unknown
terminals. However, the applicability of
this principle to the Admittance Meter
was first realized and suggested by
Messrs. G. D. Monteath and P. Knight
of the British Broadcasting Corpora
tion. The understanding of the method
used to compensate for the junction in
ductance requires a knowledge of the
principle of operation of the Admittance
Meter. For convenience it will be briefly
reviewed in the following paragraphs.

In the Admittance Meter, the currents
flowing in three branch coaxial lines, fed
from a common voltage source at a com
mon junction point, are sampled by
three independently adjustable loops,
which couple to the magnetic field in
each line as shown in Figure 4. One of
the branch lines is connected to a con
ductance standard, one to a susceptance
standard, and one to the unknown cir
cuit. The outputs of the three loops are
connected in parallel, and the coupling
of each loop to its respective branch line
is adjusted by rotating the loop until a
null is obtained. At a null the settings of

Figure 4. Schematic diagram of the Admittance Meter,
showing the arrangement of coupling loop.

the loops are direct indications of the
magnitudes of the conductance, the
susceptance, and a multiplying factor.

The basic principle of operation a.
sumes that the voltage at a point under
the center of the coupling loop on each
branch line is the same. However, in the
practical case, the loops must be located
at least a short distance from the actual
common junction point and, hence, a
short length of line exists between the
common junction point and the center
of each pickup loop as shown in Figu're 4.

Figure Sa. Equivalent circuit of the junction.

(Cill 11 11'

(Cjl2 11 11 '

Lj
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The current flowing through the capaci
tance on the load side of the junction
line does not induce a voltage directly
into the loop since it doe not flow in the
line under the loop. This current does,
however, produce a voltage drop when it
flows through the junction inductance
and, hence, has an effect on the voltage
applied to the unknown circuit. In the
actual instrument, the capacitive react
ance is so large compared to the induc
tive reactance that the voltage drop
caused by the capacitive current can be
neglected and, hence, C,. can be elim
inated from the circuit.

The current flowing to the unknown
circuit passes through the junction in
ductance and causes a voltage drop
which can have an appreciable effect on
the measurements when the measured
admittance is large compar d to 20
millirnhos.

Since the pickup loop responds only to
the current flowing in the line under the
loop, the junction inductance can be
shifted to the unknown side of the
coupling loop without affecting the per
formance as shown in Figure 5c.

The same junction inductance appears
in each branch, and, hence, when the
unknown impedance is equal to the
characteristic impedance of the line, it,s
effects cancel. The magnitude of the
effect of the inductance increases with
frequency and with the magnitude of
the unknown admittance. This junction
inductance is minimized by bringing the
outer conductor as close as is practicable
to the inner conductor as shown in Fig
ure 7. The junction inductance under
these conditions is approximately 1.2
millimicrohenries. Correction can be
made for its effect on the measurements,
and correction charts for the older
TYPE 1602-A Admittance Meters are
contained in the instruction book.

Figure 5c. Revised circuit of Figure 5b, with junction
inductance shifted to the load side of the coupling loop.

The approximate equivalent circuit
of this arrangement is shown in Figure
5a. The series inductance of the line be
tween the actual junction and the center
of each loop is L,.. The total capacitance
of the section of line is C,.. In a 11" equiva
lent of the very short section of line,
half of this capacitance can be placed at
either end of the series inductance. The
capacitance appearing directly across
the voltage source has no effect on the
accuracy and, hence, can be neglected.

Figure 5d. Equivalent circuit showing the location of
the compensating capacitance.

Figure 5b. Approximate equivalent circuit of each
branch with junction capacitance neglected.
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~ EFFECTIVE LINE LENGTH-CM

Figure 6. Curves showing the error in measured length
of a short-circuited line as a function of its electrical
length when the junction inductance is ignored, as
measured by both the older, uncompensated Type
1602-A Admittance Meter and the new Type 1602-8

compensated model.

---.... 874
~;;~=~ CONNECTOR

Figure 7. Sketch of modifled junction showing the
location of one of the compensating capacitances.

JUNCTION FROM
GENERAl R TO DETECTOR

t OUPLING LOOP

A New Low-Frequency
Susceptance Standard

A new susceptance standard has been
designed for use at the lower frequencies
to replace the long adjustable stub. The
new standard is a small, shielded, vari
able air capacitor, shown in Figure 1,

SPRING
CONTACTS

ing point is increased by about 0.7 cm.
as a result but, since the corrections or
adjustments are always made for the
over-all length of 50-ohm line when the
actual impedance or admittance is de
sired, the increase does not complicate
the situation, but does eliminate a time
consuming correction. Besides the sim
plification in correction procedure ob
tained when admittance is measured, the
VSWR is now unaffected by the junc
tion inductance as VSWR is independent
of line length and, hence, a greater ac
curacy is obtained.

The compensation is independent of
frequency as long as the length of line
added is short compared to a wave
length. Figure 6 shows the results of
measurements of electrical line lengths
with a compensated instrument.

Improvements to Multiplying
Factor Scale

Another improvement that has been
made in the Admittance Meter is the
addition of several calibrated points on
the multiplying-factor scale as shown
in Figure 1. The additional points make
greater accuracy possible in many cases
by permitting t.he use of a lower multi
plier setting.

I I I I I I I

~
----0 UNCOMPENSATED MODEL (1602-A)_~
" • COMPENSATEO MOOEL (1602-8) /'

"'I'\.. /
"\,

/
FREQ. 750 Me

""-
~

/ IV

• ,b • ·2C0 4 8 I

The capacitance must be added on
the unknown side of the coupling loop so
the capacitive current will flow through
the line under the loop.

In the new model, the desired addi
tional capacitance is obtained by adding
a polystyrene bead to the line, as shown
in Figure 7. The electrical length of line
between the unknown and the measur-

The errors caused by ignoring the
junction inductance in determinations of
electrical line length from admittance
measurements with the line short-cir
cuited are shown in Figure 6. As pre
viously mentioned, corrections can be
made for this effect, but its elimination
would be preferable. The effect can be
eliminated by adding a shunt capaci
tance of the proper value to form, with
the inductance, a short section of arti
ficial transmission line, having the same
characteristic impedance as the true
line. For reactances small compared to
the characteristic impedance, the induct
ance and capacitance are related by the
equation:

:::<
u
i
~
W
...J +0.8
wz
:J

8 +0.4
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which is calibrated directly in frequency
from 41 to 150 Me. Measurements at low
frequencies will be facilitated by the
extended frequency range and small size
of the new standard.

The Admittance Meter has earned a
deserved reputation for speed, conven-

ience, and accuracy in measurements of
VSWR impedance and admittance in
the -H-F range. The improvement
discussed above increase still further it
utility and acceptability for the e meas
urements.

- R. A. SODERMAN

SPECIFICATIONS
Range: Theoretically, zero to infinity; prac
tically, the lower limit is determined by the
smallest readable increment on the cale which
is 100 micrornho (0.1 millimho). The upper
limit is 1000 millimhos. Range is the same for
both conductance and susceptance, but u
ceptance can be either positive or negative, i.e.,
the susceptance dial is calibrated from -20 to
+20 millimho . Multiplying factors from 1 to
20 are provided, and factors from 20 to 100 can
be determined approximately.

Frequency Range: 41 to 1000 Mc, direct
reading. Range can be extended downward to
20 Mc, if a frequency cOlTcction iR applied to
the susceplance reading, and upward to about
1500 !\Ic.
Accuracy: For both conduc-tancc and sus
('eptance (up to JOOO ~Ic):

From 0 to 20 millimhos ±(3~ + 0.2
millimho)
From 20 to a> millimbos ±(3V~Io/i + 0.2
millimho) whcrc ~I i the scale multiplying
factor.
Above 1000 1\Ic, crrors incrcase slightly and,
at 1500 Mc, the basic figurc of 3% in the
expression abovc becomes 5 Q. For compar
ing impedance, the accuracy is ±3% up to
2000 Mc.

Accessories Su ppl ied: One TYPE 1602-P4
50-n Termination, for use as conductance

Type

standard, and one TYPE 1602-P1 Adjustable
tub and one TYPE 1602-P3 Variable Air

Capacitor, for usceptance standards; two
TYPE 874-R20 Patch Cords for connections to
generator and detector; and one TYPE 874-PB
Panel Connector for installation on detector.
A wooden storage case is furni hed.
Additional Accessories Required: Generator
and detector. Generator should cover desired
frequency range and deliver between 1 volt and
10 volts. TYPE 1208-A (65 to 500 Mc), TYPE
1215-A (50 to 250 Mc), and TYPE 1209-A (250
to 920 Mc) Unit Oscillators are recommended.
The TYPE 1021-AU and AV Standard-Signal
Generators are al 0 satisfactory.

Detector sensitivity should be better than
10 microvolts. Recommended detector i a
hcterodyne system consisting of the TYPE
74-MR Mixer Rectifier with a low-frequency

receiver or an i-f amplifier and a econd unit
oscillator to provide the heterodyning ignal.
Other Accessories Available: TYPE 874-Q

oaxial Adaptors, TYI'E 874-LK Constant
Impedance Adjustable Line, TYPE 874-UB
Balun, TYPE 874-M Component Mount.
Terminals: All terminals are TYPE 874 Coaxial
Connectors. Adaptors are available for other
coaxial systems.
Dimensions: 7}2 X 5}2 X 5}2 inches, without
standards and unknown connected.
Net Weight: 8~ pounds.

Code Word Price

1602-8 I U-H-F Admittance Meter .................•....•..
U. S. Patent Nos. 2,125.816 and 2,548,457.

MISCELLANY

BONEY $295.00

RECENT VISITORS FROM OVER
SEAS to our plant and laboratories
Mr. Virgilio Floriani, President and
Technical Director, Telettra, Milan,
Italy; Dr. Fred Bahli, niversity of
Rangoon, Rangoon, Burma; Profes or
K Iigima, niver ity of Tokyo, Tokyo,
Japan; and Mr. Yoshinori Chatani, Vice
Pre ident, Kishimoto Shoten, Ltd.,
Tokyo, Japan; Mr. Chiyoe Yamonaka,

Department of Electrical Engineering,
Osaka University, Osaka, Japan.
PAP ERS - "A Balanced Cry tal
Diode Modulator for UHF," by William
F. Byers, Engineer, at the 1953 ational
Conference on Airborne Electronics,
Dayton, Ohio, ay 12, 1953. 0 copie
of this paper are as yet available, but an
abstract appears in the Conference Pro
ceedings.
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MEASUREMENTS ON 75 OHM LINES WITH
THE ADMITTANCE METER

In many television receiving systems,
72- or 7S-ohm transmission lines are
u ed. The impedance or VSWR of the
line can be easily measured, using either
the old or new model of the Admittance
Meter. Means must be devised, however,
for connecting the 7S-ohm line to the
Admittance Meter, which is equipped
with SO-ohm connectors. One solution
to this problem is to fit the 7S-ohm line
with a General Radio TYPE 874 Con
nector. TYPE 874-C8 Cable Connectors
are suitable for use with RG ll/U Cable
and TYPE 874-C62 Cable Connectors
are suitable for use with RG S9/U Cable.
The TYPE 874 Connectors are SO-ohm
connectors, and the junction between
the SO-ohm line and 7S-ohm line is made
at the point indicated in Figure 1. There
is a slight discontinuity at the junction
due to stray reactances, but in most
cases the effect is negligible.

The effect of the SO-ohm line in the
connectors and the Admittance Meter
can be eliminated by adjusting it to a
half- or quarter-wavelength by means
of a TYPE 874-LK Constant Impedance
Adjustable Line. To obtain the propel'
half-wavelength adjustment, the 50
ohm line should be open-circuited at the
7S-ohm line junction, the Admittance
Meter set to balance at zero admittance,
and the line length adjusted until a null
is obtained. For a quarter-wavelength
adjustment, the same procedure is used
with the exception that the line is short
circuited at the junction. In the prac
tical case, it is difficult to open-circuit
or short-circuit the line at the proper
point, but the TYPES 874-WO or WO-3
Open-Circuit Terminations and 874-WN

Figure 1. Sketch of Type 874-C63 Coble Connector
with 0 75-ohm co ble attached.

or WN-3 Short-Circuit Terminations
can be used to advantage for this pur
pose. These units do not produce an
open-circuit exactly at the desired point,
but minor adjustments of the line length
can be made to compensate for the
difference.

In this application, the termination is
connected to the end of the adjustable
line in place of the line under test, and
the line length is adjusted as outlined
above. Then, if the TYPE 874-WO Open
Circuit Termination or TYPE 874-WN
Short-Circuit Termination is used, the
adjustable line should be decreased in
length 2.6 cm, and if the TYPE 876-W03
Open-Circuit Termination or TYPE 874
WN3 Short-Circuit Termination is used,
the length of the adjustable line should
be increased 0.6 cm. If the termination
is removed and the line under test con
nected, the length of SO-ohm line be
tween the measuring point and the point
at which the 75-ohm line is connected is
now exactly a half- or quarter-wave
length long. For the half-wavelength
adjustment, the admittance measured
by the instrument is the admittance
seen looking into the 7S-ohm line at the
junction. For the quarter-wavelength
adjustment, the unknown series resist
ance and reactance are equal to the
indicated conductance and susceptance
respectively, multiplied by 2.5.

RUBBER BOOT CAN BE
OMITTED IF

DESIRED

874-C8 or C62
~ABLE CONNECTOR

r:=~E~~i.@~~:s.'S~/L;,:r5 OHM CABLE

~ BRAID

1 -I CLAMPING FERRULE

"-.. JUNCTION POINT BETWEEN
50 OHM LINE a 75 OHM LINE
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The VSWR on the 75-ohm line can be
calculated from the measlll'ed admit
tance, using the equation or Smith chart
as outlined in the instruction book. Re
flection coefficient and, hence, VSWR
can also be measured directly by a
voltage-ratio method similar to that
outlined for 50-ohm lines in the in
struction book.

For this measurement, the 75-ohm
line under test with its associated adjust
able line should be connected to the
branch line usually connected to the
conductance standard. The branch line
usually connected to the unknown
should be open-circuited and the multi
plier set at infinity. These connections
are the reverse of those used when meas
uring 50-ohm lines and are necessary
because the coupling to the unknown
must be adjusted to be a specific value
less than unity to compensate for the
difference in characteristic impedance,
and the conductance coupling is more
finely calibrated than is the multiplier
coupling and hence can be set more
accurately.

Type

The over-all 50-ohm line length should
then be adjusted to be a quarter-wave
length, using the method previously
described with the exception that the
conductance indicator is set to maximum
coupling, or 20, and the multiplier left at
infinity. The susceptance standard is
then removed and replaced by the con
ductance standard, the conductance

indicator set at 20 X ~~, where Zo is the

characteristic impedano.e of the line
under test. 3

,' The ratio of the detector
voltages obtained with the susceptance
indicator first set to -20 and then to
+20 is equal to the reflection coefficient
r on the 75-ohm line, and

J.+r
VSWR75 = --.

1 - r
- R. A. SODERMAN

3This method was suggested by Mr. B. Parzen of Federal
Telecommunication Laboratories.
4This metbod can be used for any line having a cbarac
teristic impedance greater than 50 ohms. For lines having
characteristic impedances less than 50 ohms, tbe same
method can be used with the length of 5O-ohm line set at
a half-wavelength, and the conductance indicator set at

20X~'

Code Word Price

874-C62 Connector for RG62/U Cable ..............••..• 1 COAXCANDOR $1.70

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH 0 NE: TRowbridge 6- 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEl.-WOrth 2·5837

LOS ANGELES 38, CAliFORNIA
1000 NORTH SEWARD STREET

TEL.-Hollywood 9·6201

REPAIR SERVICES

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820

WEST COAST
WESTERN INSTRUMENT CD.

826 NORTH VICTORY BoULEVARO
BURBANK, CALIFORNIA
TEL.-ROckwell 9·3013

CANADA
BAHY ENGINEERING, LTD.

5 FIRST STREET
AJAX, ONTARIO

TEL.-Toronto WA·6866
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OSCILLATOR FOR THE
TO 50-MC RANGE
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eTHE TYPE 1211-A Unit Oscillator, lat
est addition to the rapidly growing line of
General Radio Unit Oscillators', extends
the frequency range covered by the ver-
satile units downward by a factor of 100.

This new oscillator has a frequency span of 0.5-50 Me, which is
covered in two logarithmic ranges. The output power is well over one
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Figure 1. View of the Type 1211-A Unit Oscillatar.
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watt over the 0.5-to-5 Mc range and is
at least 200 milliwatts over the 5-to-50
Mc range. The frequency is indicated
directly on a six-inch dial, and approxi
mate increments of frequency expressed
in percentage are given on a 37.4,'-inch
slow-motion-drive dial.

To avoid the necessity of frequent
rangl:l switching, the tuning ranges have
been made as wide as possible. The span
of each of the two ranges in the TYPE
1211-A Oscillator is 10 to 1. This wide
frequency range is obtained by varying
simultaneously the capacitance and the
inductance as the frequency dial is
turned. A frequency change of about 5
to 1 is due to the variable capacitor,
and the remaining 2 to 1 frequency
change results from inductance varia
tion.

Electrical Circuit

The TYPE 1211-A Unit Oscillator uses
a Hartley circuit with a TYPE 5763 os
cillator tube. This tube type was se
lected because it can handle all the
power provided by the TYPE 1203-A
Unit Power Supply. The output circuit
is coupled inductively to the oscillator
tuned circuit and includes a voltage
divider as output control.

An audio oscillator can be connected
to terminals in series with the plate
supply for direct amplitude modulation
of the oscillator. A convenient audio
source is the TYPE 1214-A Unit Oscil-

lator which yields about 25 per cent
modulation at 400 or 1000 cycles. The
envelope distortion at this modulation
level is around two to four per cent, de
pending on the carrier frequency.

Since modulation is accomplished
directly in the oscillator circuit, some
unwanted frequency modulation is un
avoidable. Amplitude modulation prac
tically free of frequency modulation can
be obtained at carrier frequencies above
10 Mc by using the TYPE 1000-P6
Crystal Diode Modulator.

Construction

The oscillator circuit is assembled on
an aluminum casting with filtering com
ponents mounted within the casting. A
spun-aluminum cylindrical cover com
pletes the shielding much more effec
tively than would a conventional rec
tangular dust cover. The output control
and the coaxial output connector are
at the rear of the cover; the entire as
sembly is mounted on an L-shaped panel
and base.

The tuning capacitor and the switch
contacts are the same as those used in
the TYPE 100l-A Signal Generator and
TYPE 1330-A Bridge Oscillator.

The 0.5- to 5-Mc and the 5- to 50-Mc
oscillator coils are arranged in a plane
perpendicular to the tuning capacitor
shaft, and range selection is obtained by
switching in the appropriate coil by
means of a rocker arm on the panel. The

Figure 2. Elementary Schematic Diagram of the Type 121l-A Unit Oscillator.
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Figure 3. Frequency versus rotation angle showing the
effect of the metal cores.

o 60 120
ANGULAR ROTATION- DEGREES

frequency ranges are engraved at the
arm extremities, and the main frequency
dial shields one end of the arm so that
only the range selected is indicated.

The core assembly, which helps to
produce the wide frequency span, is con
centric with the coils and is mounted
to turn with the capacitor shaft.
This assembly consists of a dust core
and an aluminum core, both of a
sickle shape, to produce a smooth
transition from full iron-dust core for
maximum inductance through a mini
mum of core to a full aluminum core for
minimum inductance. The cores and
the tuning capacitor plates are shaped
to yield an approximate logarithmic re
sponse of frequency with angular rota
tion over the lO-to-l frequency span.
(See Figure 3.) The iron-dust core in
creases the circuit Q, while the aluminum
core reduces it.
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Features

The major features of this oscillator
are the compact unit design, the lO-to-l
frequency range for each switch position,
and the approximately logarithmic fre
quency response of the main dial with
a smaller auxiliary dial indicating fre
quency increments of 0.2% per division.
The 874-type coaxial output system and
the effective shielding add appreciably
to the usefulness of the instrument. All
power leads are carefully filtered, and
the dial shaft is enclosed within a

grounded capsule inside the main knob.
The shielding is entirely adequate for

use of the oscillator as a power source
in bridge measurements. The 874-type
coaxial output connector permits ex
tension of the shield system to the
bridge.

Since all leads to the power unit are
carefully filtered, batteries can be used
as the power supply for field applica
tions. For general laboratory operation,
the TYPE 1203-A Unit Power Supply is
recommended.

-A. G. BOUSQUET

SPECIFICATIONS
Frequency Range: 0.5 to 50 Mc in two ranges.
Frequency Calibration Accuracy: 2% at no load.
Frequency Controls: A two-position range switch.
A 6-inch dial with calibration approximately
logarithmic against angular rotation. A slow
motion vernier dial to indicate frequency in
crements of 0.2% per dial division.
Output System: The oscillator output is avail
ablc at a coaxial connector at the rear of the
instrument. An adjacent ground terminal also
permits connection by means of a TYPE 274-M

Plug. The output is controlled by a small dial
calibrated in arbitrary units.
Output Power: At least 200 milliwatts into a
50-ohm load at any frequency within the range.
For the 0.5-5 Mc range, the output power is
of the order of 2 watts.
Modulation: Direct amplitude modulation over
the audio-frcquency range can be obtained
with an external audio oscillator. The im
pedance at the modulation terminals is about
8000 ohms, and 25% modulation is obtained
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with about 45 volts audio. Under these con
ditions, envelope distortion is of the order of
3% and is a function of carrier frequency set
ting. The audio source must be capable of
carrying the de of the carrier oscillator.

To obtain amplitude modulation free of in
cidental f-m, the TYPE 1000-P6 Crystal Diode
Modulator can be used at the carrier fre
quencies above 10 Me, at reduced output.

Circuit: Hartley oscillator coupled direct to out
put. Frequency tuning is obtained by simul
taneously changing the tuning capacitance
and the position of the core in the coils (iron
dust core to aluminum core).

Power Supply Requirements: 300 volts at 50 rna
dc, 6.0 volts at 0.75 amperes ac or de. The
TYPE 1203-A Unit Power Supply is recom
mended.

Type

Tube: TYPE 5763 Miniature VHF Beam Power
Amplifier, which is supplied with the instru
ment.
Mounting: The oscillator is mounted on an alu
minum casting and is shielded with a spun
aluminum cover. The assembly is mounted on
an L-shaped panel and chassis, finished in
black-crackle lacquer.
Accessories Supplied: TYPE 874-R21 Patch Cord,
TYPE 874-Q2 Adaptor and TYPE CDMS-466-4
Multipoint Connector.
Accessories Available: TYPE 1000-P6 Crystal
Diode Modulator, TYPE 1214-A Unit Oscil
lator, TYPE 1203-A Unit Power Supply, TYPE
1204-B Unit Variable Power Supply, and the
TYPE 874 Coaxial Elements.
Dimensions: 7 X 8 X 12 inches over-all.
Net Weight: 1l~ pounds.

Code Word Price

1211-A I Unit Oscillator 1

u. S. Patents 2.125,816 and 2,548,457.
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Type l551-A Sound-Level Meter (March, 1952)
The Rasis for Field Checking Sound-Meter Calibra
tion (W. R. Thurston: November, 1952)

TYPE 1551-Pl CONDENSER MICROPBONE SYSTEM
Type 1551-P1 Condenser MicrQJ)hone System (E. E.
Gross, JI.: May, 1953) .

TYPE 1552-A SOUND-LEVEL CALIBLlATOLl
A Calibration-Check Service for Sound Meters (W.
R. Thurston: November, 1952)
The Basis for Field Checking Sound-Meter Calibra·
tion (W. R. Thurston: November, 1952)

TVPE 1555-A SOUND-SURVEY METEn
The Sonnd-Survey Meter (April, 1952)

~nbea\i~~~~i~~~m~e~~S~r~~:)forSound Meters
(W. R. Thurston: November, 1952)

TYPE 1604-A COMPARISON BIUDGE
A New Comparison Bridge for the Rapid Testing of
Components (M. C. Holtje: December, 1952)

TYPE 1610-A CAPACITANCE MEASURING ASSEMBLY
Type 1610-A Capacitance Measuring Assembly
(August, 1952)

TYPE 1652-A RESISTANCE LIMIT BUIDGE
Versatile Resistance Limit Bridge Doubles as Labo
ratory Standard (January, 1952)

TYPE 1690-A DIELECTRIC SAMPLE HOLnE"
TYPE 1690-P2 ADAPTOl\ ASSEMBLY

A Sample Holder for Solid Dielectric Materials (I van
G. Easton: August, 1951)

TYPE 1702-A VAnrAC® SPEED CONTI\OL
A Three-Quarter Horsepower Variac® Molor Speed
Control (W. N. Tuttle: May, 1952)

TYPE 1862-A MEOOHl\lMETEI\
A 500-Volt Megohmmeter for Insulation Testing
(A. G. Rousquet: November, 1951)

TYPE 1951-A FILTEn
Type 1951-A Filter (February, 1953)
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GENERAL RADIO AT N. E. C. 1953
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General Radio products will be on
display in Booths 87 and 88 at the
National Electronics Conference to be
held in the Hotel Sherman, Chicago,
September 28, 29, and 30.

Among the General Radio instru
ments shown will be:

Type 1217-A Unit Pulse Generator 
a small, compact, inexpensive generator
of pulses, with rise time as short as 0.05
microsecond and repetition rates be
tween 30 and 100,000 cps.

Type 1000-P7 Balanced Modulator 
a orystal-diode modulator designed to
operate on the output of standard-signal
generators to produce 100% amplitude
modulation without incidental fre
quency modulation. Carrier frequency
range is 60 to 2500 megacycles, and
modulating frequencies up to 20 mega
cycles can be used. Pulse modulation

can also be applied, with rise times as
short as 0.02 microsecond.

Limit bridges for measuring d-c re
sistance and for comparing resistors,
capacitors, and inductors at audio-fre
quencies.

Sound-measuring equipment - a com
plete line of sound-level meters, ana
lyzers, and accessories for the measure
ment of noise and other sounds.

Type 1602-B U-H-F Admittance Meter,
with a full line of accessories, set up to
mEilasure television transmitting an
tennas.

Variac® autotransformers with General
Radio's new Duratrak contact surface
that stands up under punishing over
loads - an outstanding development
that makes the variable autotrans
former as durable as a fixed-ratio
transformer.

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested

in comn"tunication-frequency measurement and control problems.
When sending requests for subscriptions and address-change notices,
please supply the following information: name, company address, type
of business company is engaged in, and title or position of individual.
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NEW YORK 6, NEW YORK

90 WEST STREET
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NEW ADAPTORS FOR VHF- AND UHF-TV
COAXIAL TRANSMISSION LINES

2

Figure 1. (Left) Type 874-QU3 Adaptor to 311,-inch rigid line,
and (right) Type 874-QV2A Adaptor to I Ya-inch rigid line.

For measurements of the standing
wave ratio and impedance of television
transmitting antennas, adaptors are
necessary to connect general-purpose
measuring instruments to the large
rigid lines used in the antenna system.
Two new low-reflection adaptors from
General Radio TYPE 874 Coaxial Con
nectors to 1%" VHF Coaxial Line and
378" UHF Coaxial Line now make it
possible to utilize the advantages of the
General Radio TYPE 874 line of coaxial
elements and of associated instruments
in both VHF- and UHF-TV transmit
ting applications. With these adaptors,
the TYPE 874-LB Slotted Line and the
TYPE 1602-B Admittance Meter can be
used for impedance and standing-wave
ratio measurements, the TYPE 1021-A

COVER PHOTO

tandard Signal Generators for band
width and attenuation measurements,
the TYPE 1208-A and 1209-A Oscillators
for low-power excitation of circuits and
antennas, and the various combina
tions of TYPE 874 components for match
ing transformers, diplexers, detectors,
etc. The low-reflection and hermaphro
ditic features of the TYPE 874 Con
nectors and the electrical smoothness
of these new adaptors make them well
suited for use in television transmitting
measurement applications where very
low VSWR's are required to prevent
ghosts.

UHF ADAPTOR

The TYPE 874-QU3 UHF Adaptor is
designed to make the connection be-

Measuring standing-wave ratio an a u-h-f television transmitting antenna (Channel 56) with the Type 1602-8
U-H-F Admittance Meter. The base of the admittance meter has been removed in order to mount the instru
ment directly an the Type 874-QU3 Adaptor.

ALSO IN THIS ISSUE
Page

BRIDGE MEASUREMENTS IN THE COLLEGE LABORATORY. . . • • . • • • • . . . . . . . . . • . . . • • . . • .. 4
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Figure 2.
Cross section of
Type 874-QU3

Adaptor to 50-ohm,
3Vs-inch

rigid line.

STANDARD UHF
FLANGE

~LOCKING
SCREW

Figure 3. Voltage-standing-wove ratio of Type 874
QU3 Adaptor as a function of frequency.

VHF ADAPTOR

In the VHF band, the old standard
51.5-ohm 1%" coaxial line is still widely
used. The TYPE 874-QV2A Adaptor,
shown in Figure 1, makes the transition

uring instrument connected directly to
the adaptor terminals, since reflections
produced by intermediate sections of
line and connectors are eliminated. In
field applications of the TYPE 1602-B
UHF Admittance Meter, the instrument
can be completely supported by the
adaptor as shown if the base of the
admittance meter is removed (see
cover photo).
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tween circuits fitted with General Radio
TYPE 874 Connectors and standard 3:>-B"
50.0-ohm UHF coaxial transmission
line. The transition between the two
lines is made by means of a tapered sec
tion of line as shown in Figure 2. This
adaptor is provided with a RETMA
standard flange and anchor terminal as
shown in Figure 1, and the anchor ter
minal is made captive to the tapered
inner conductor by means of a 4" screw
whose head is visible at the center of the
anchor terminal. The anchor terminal
can be removed and the adaptor used as
female element if the locking screw is
removed. However, caution must be
exercised when the adaptor is used in
this connection, as the long tapered sec
tion is then supported at one end only.

The electrical characteristics of this
adaptor are excellent. Figure 3 shows
the standing wave introduced into a flat
50 ohm line by a pair of typical adaptors
connected back to back. The measured
values include the effects of the two
pairs of TYPE 874 Connectors shown in
the sketch in the figure.

For standing-wave-ratio and imped
ance-measurement applications, the
best results are obtained with the meas-

FREOUENCv- Me
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Meter is used to measure either admit
tance or standing-wave ratio, using the
null method with the meter connected
directly to the end of the adaptor, the
length of the 50 ohm line is so short that
it has a negligible effect on the measure
ments over the VHF-TV band (less than
.015 effect on the VSWR at 200 Mc
when the VSWR is near unity and pro
portionately less at lower frequencies).
Measurements can also be made with
maximum accuracy using the voltage
ratio method with minor modifications.

The reflection introduced by the adap
tor in addition to that introduced by the
change in characteristic impedance pro
duces less than a 1.02 VSWR on a flat
line over the VHF-TV band.

The adaptors just described enable
the television engineer to make wider
applications of a large number of very
useful existing devices and thus simplify
his measurement problems.

- R. A. SODERMAN

TANDARD
VHF FLANGE

~~HSPRING
BULLET

\LYSTYRENE
INSULATOR

Figure 4. Cross section of the Type 874-QV2A Adaptor
to 51.5 ohm, 1Va-inch rigid line.

between this type of line and General
Radio TYPE 874 Connectors. A tapered
section of line is again used for the transi
tion element. However, since the TYPE
874 line has a 50.0-ohm characteristic
impedance and the VHF line has a 51.5
ohm characteristic impedance, a small
reflection is produced at the junction.
In the adaptor, the change in charac
teristic impedance is made directly be
hind the polystyrene insulator in the
TYPE 874 Connector, as shown in Figure
4.

When the TYPE 1602-B Admittance

50 OHM 51.5 OHM
CHARACTER1STI CHARACTERISTIC

IMPEDANCE IMPEDANCE~~~=I::ti2j

SPECIFICATIONS

Net Weight: Type 874-QU3, 5~ pounds.
Type 874-QV2A, l~ pounds.

Over-all Length: Type 874-QU3, 9X inches.
Type 874-QV2A, 4% inches.

Type

874-QU3
874-QV2A I Adaptor to U-H-F, 3'1s", 50.0 ohm Rigid Line"'1

Adaptor to V-H-F, 17'&",51.5 ohm Rigid Line ••.

Code Word

COAXYULTRA I
COAXYVERRA

Price
$87.00

46.00

BRIDGE MEASUREMENTS IN THE
COLLEGE LABORATORY

The efficient operation of a college
electronics laboratory for student use
requires the permanent installation of
certain major items of equipment. Such
apparatus as vacuum-tube bridges, Q
meters, impedance bridges, and the like,
which are so frequently required as ac
cessories to experiments, should be
available without the necessity of setup.

This does not mean that a student
should be deprived of the opportunity
to make his own setups. It does mean
that a worthwhile experiment, whose
subject is a vacuum-tube bridge, may
require assembling the necessary com
ponents but, when a certain amplifier
experiment requires a knowledge of tube
parameters, a bridge should be available
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Figure 1. View of oudio-frequency capacitance and inductance bridges with generator and detector in
the Electronics and Communication Loboratory at The Cooper Union.

already set up with power supplies, tone
source, and detector.

The accompanying photographs show
some of the permanent installations
which have been found useful in the
Electronics and Communication Labora
tory of the Electrical Engineering De
partment at The Cooper Union. The
severe dust and dirt conditions of a
metropolitan location have led to the
use of the hinged, counterbalanced

wooden covers which also provide me
chanical protection of the enclosed
equipment.

The apparatus in Figure 1 consists of
the General Radio TYPE 716-C Capaci
tance Bridge, TYPE 667-A Inductance
Bridge, TYPE 1302-A Oscillator, and
TYPE 1231-BRFA Amplifier and Null
Detector with Filter. In Figure 2 are
the TYPE 821-A Twin-T Impedance
Measuring Circuit, TYPE 1330-A Bridge

Figure 2. The Type 821-A Twin-T Impedance Measuring Circuit at The Cooper Union. A metal shield
covers the table top, and equipment is protected from dust and other damage by the hinged cover.
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Figure 3. View of equipment for the measurement
of coble characteristics at 12 Mc with the Type 916-A

Radio-Frequency Bridge.

Oscillator, and National NC-57 Re
ceiver used as null detector. Among the
uses to which the 716-C and 821-A are
put is the measurement of dielectric
constant and dissipation factor by
means of theTYPE 1690-ADielectric Sam
ple Holder which appears in Figure 2.

6

Shown in Figure 3 are the General
Radio TYPE 916 Radio-Frequency
Bridge, RCA WR-67A Oscillator, and
National NC-57 Receiver. This inex
pensive oscillator has, with occasional
calibration, been satisfactory for this
bridge. One experiment performed with
this equipment makes use of the cable
circuit attached to the wall. This con
sists of a long line of RG-8/U which
branches at a tee junction to two short
lengths of RG-ll/U, one terminated by
a capacitive-resistive and the other by
an inductive impedance. The circuit is
matched at the tee at 12 Me. The send
ing-end impedance is measured over a
substantial range centered about this
frequency. The cable characteristics are
measured on samples, and verifying
computations performed from this in
formation and the termination con
stants.

Figure 4 shows an installation built

Figure 4. The setup for antenna measurements at very-high and ultra.high frequencies with the Type
1602-A U-H-F Admittance Meter. The cone antenna under measurement is shown at the extreme upper

left of the photograph. The special adjustable line can be seen at the front of the test bench.
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with many others performed in this lab
oratory, the student is provided with a
minimum outline of instruction. An
adequate analysis of results is considered
the real essential of his laboratory re
port, and he is expected to a consider
able extent to decide for himself just
what matters are worthy of analysis.
This is in accord with a general Depart
ment philosophy which attempts to
avoid leading the student through his
work "by the nose," and makes a modest
effort to anticipate the day close by
when the student will no longer have a
patient instructor at his elbow.

-JESSE B. SHERMAN
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Figure 5. Typical student data taken on the
cane antenna of Figure 4.

50

200

~
r
o
..l.
g

~z
~IOO
'"wa:

around the TYPE 1602-A U-H-F Ad
mittance Meter. The usual unit oscil
lators, mixer, and the like are provided,
with a Hallicrafters receiver as 30-Mc
detector. It was desired particularly to
use this equipment for antenna imped
ance measurement. For this purpose, a
ground plane of moderate size was
mounted above an instrument cabinet
at a sufficient height so that antennas
under test are little affected by persons
moving about the laboratory. A special
connector constructed from a TYPE 874
EL Ell is inserted at the center of the
ground plane. This connector includes a
solenoid-operated switch for remotely
short-circuiting the transmission line at
the base of the antenna. The line is made
of brass tube and rod with the central
conductor supported by polystyrene
screws.

A useful accessory to this equipment
is the special constant-impedance ad
justable line which can be seen to the
right of the admittance meter. This is
built up of two TYPE 874-LK Units. The
principal purpose of this device is to
increase the adjustable length for use
between 100 and 500 Mc. A rack-and
pinion drive makes its operation par
ticularly convenient, and the dangling
patch cord of the single unit is elimi
nated.

Various antenna models equipped
with banana plugs can be conveniently
connected. Typical student data taken
on a cone antenna are reproduced in
Figure 5.

In the conduct of this experiment as

The author of the foregoing article is Professor of Electrical Engineering at The
Cooper Union. Weare grateful to Professor Sherman for his courtesy in making
this material available to ExPERIME TER readers.

-EDITOR
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MISCELLANY

8

RECENT VISITORS from overseas to
the General Radio plant and labora
tories - Mr. D. G. Lindsay, Engineer,
Amalgamated Wireless, Ltd., Sydney,
Australia; Professor Eric Lofgren, Royal
Technical University, Stockholm, Swe
den; Mr. Karl G. Rostrom, Engineer,
Saab Aircraft Co., Linkoping, Sweden;
Mr. Arnfinn Lykaas, Forsvarets Fors
kningsinstitutt, Oslo, Norway; Mr. O.
Waldo Villafant, Mechanical Engineer
ing Department, University of Puerto
Rico; Mr. N. Shimomura, Chief Radio
Engineer, Tokyo Shibaura Electric
Co., Ltd., Japan; Professor Koji Sato,
Tokyo University, Japan; Mr. Karno
Watanabe and Mr. Kirokuro Hosada, of
the Furukawa Electric Co., Ltd., Japan.

SPEAKERS - At the National Elec
tronics Conference Luncheon, Chicago,
September 30, H. B. Richmond, Chair
man of the Board, General Radio Com
pany, on "Opportunities and Responsi
bilities of Employment in the Elec
tronics Field."

At the West Coast LR.E. Conven
tion, San Francisco, August 21, R. A.
Soderman, Engineer, on "Measurement
Problems in V-H-F and U-H-F An
tenna Systems."

At the August 24th meeting of the
Portland, Oregon, Section, LR.E., Paul
K. McElroy, Design Engineer, on
"What Does Current Standardization
Mean to You?"

LEWIS M. LYONS

It is with great regret that we note the death, following a long illness, of
Mr. Lewis Lyons, a partner of the firm of Claude Lyons, Ltd., who have rep
resented us in Great Britain for many years. Mr. Lyons managed the Liver
pool offices and warehouse of the firm with an efficiency and effectiveness that
will be missed both by ourselves and our friends overseas. His place is being
taken by Mr. A. G. Kneen, the secretary and a director of the firm.
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A LABORATORY AMPLIFIER FOR AUDIO AND
ULTRASONIC FREQUENCIES

2

Th TYPE 1206-B nit Amplifier,
ncwe't member of the General Radio
family of Unit In trument / is a
high-quality amplifier, designed for gen
eral laboratory use. It maximum out
put power of 3 watts is adequate for
driving low-power transducers, and its
wide frequency range (up to 250 kc)
make it useful as an amplifier for the
output of such oscillator as the TYPE
1301-A and the TYPE 1302-A or for
pulses with rise times as hort as one
microsecond, In conjunction with a pair
of earphones, it has sufficient gain for
use as a null detector in bridge measure
ments.

The General Radio unit con truction
makes possible a low price and a mall
compact assembly, which can be bolted
to the TYPE 1203-A Unit Power Supply
to form a ingle unit.

Circuit Details

Thi amplifier takes advantage of the
de'irable characteristics of the ingle
ended push-pull circuit to obtain low
di tortion over a wide frequency range,
I For other Unit Instruments, see the General Radio Ex
perimenter for lIIay, 1950; July, 19.;1; February, 1932;
February, 1933, and eptember, 1933.

INPfff

Figure 1. Elementary schematic circuit diagram of the
Type 1206-8 Unit Amplifier.

Thi type of circuit has been discussed
in previou article 2, 3 and is shown in
basic form in Figure 1. J ote that the
upper output tube is driven from grid to
cathode, not grid to ground, and that the
a-c currents of both tubes add in the
load, while the grid voltages are of op
posite pha e. Therefore it ha true push
pull operation and single-ended output
without the use of an output trans
former. In a conventional push-pull
circuit, the frequency range is everely
limited by the output tran former.

The unit amplifier was de igned for
use with the TYPE 1203-A nit Power
2.\. P. G. Peterson. "A New Push-Pull Amplifier Circuit,"
General Radio Experimenter, October, 1951, pp. 1-7.
3A. P. G. Peterson and D. B. Sinrlnir, "A Single-Ended
Push-Pull Amplifier." Proc. J.n.E., January, 19.;2,
pp. 7-11.

ALSO IN THIS ISSUE Paye

OSCIIJLATOR CONSIDERATIONS. . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . • . . . . . •. . . . . . . . . . .. 6
ELEC'l'ROLYTIC CAPACITOR TESTING AT 120 CyCLES..... . ..•. •..• .•.. .•.••.•..•.•.. 8

COVER PHOTO
In the production of textile yarns, the speeds of the processing machinery are extremely important.

Constant speed assures uniform quality and fewer defects in the cloth woven from the yarn, while the
maintenance of rated speeds is necessary for efficient production.

The stroboscopic method of speed measurement is widely used in textile plants, hecause there is no
mechanical contact between machine and tachometer, so that the speed of the machine is not affected.
In spinning and twisting operations, a complete frame of spindles can be checked quickly for proper
speed and, at the same time, defects in the operation of the machine can be spotted by means of the
slow-motion effect.

This photograph shows the General Radio Strobotac® being used to measure the speeds of spindles
on an Atwood twister and to observe the shape of the yarn balloons.
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Figure 2. Panel view af the amplifier.

Supply, whose output necessarily limits
the maximum output power of the am
plifier and the choice of tube types. Of
the available tube types that could be
operated from the power supply, a pair
of triode-connected 6W6-GT's gave the
best results.

A 12AX7 miniature twin triode is
used in the input stage and phase in
verter since it combines the economy of

a single envelope with the de irable
features of high gain and low cathode
heater power. It will be noted from Fig
ure 3 that the phase-inverter plate sup
ply is taken from B+ through a re
sistor to enable this stage to' handle
larger signals. A capacitor connects the
phase-inverter plate resistor to the out
put, so that for a-c signals the circuit
is equivalent to that of Figure 1. The

Figure 3. Complete circuit diagram.

INPUT
100 KILOHMS

12AX7
!.... 6-

+---e:;...-l ~----,
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first stage has a gain of about 50, and
the phase inverter and output stage have
an over-all gain of about 3.5 when loaded
with GOO ohms. Feedback reduces this
gain by a factor of 4. Full output is ob
tained with an input signal of slightly
less than 1 volt. With no load, the gain
is approximately 50.

.
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EQUIVALENT OUTPUT IN WATTS

FOR SINUSOIDAL SIGNAL

Figure 6. Intermodulatian distortion (SMPTE method)
as a function of output power.
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Figure 4. Output power as a function of load reo
sistance for a total harmonic distortion of 1%, with
the power supply operating from a 115-volt line
Points are also shown for 105-volt and 125-volt lines:

CCIF
4

quadratic intermodulation dis
tortion is about 0.25%, and the cubic is
about 0.6%. The SMPTE intermodula
tion is shown in Figure 6 as a function
of output power. Up to 3 watt, the dis
tortion is well below the 5% intermodu
lation limit usually set for high-quality
amplifiers. .

The frequency characteristics of the
amplifier are given in Figures 7 andS for
a GOO-ohm load and no load. The, olid
curves are the output (mea ured with a
peak-reading voltmeter) for a constant
input level. At the frequency extremes,
distortion occurs owing to the relatively
limited frequency response of the pha~e
inverter. The dashed curves give the
maximum output for an output wave
form that is not visibly distorted on a
cathode-ray oscillograph.
4A. P. G. Peterson. "An Audio-Frequency Signa} Gen
erator .lor Non-Linear Distortion Tests," General Radio
Exper,menter, August, 1950.

5I 234
OUTPUT POWER IN WATTS

OPERATING CHARACTERISTICS

Output power vs. load for a total dis
tortion of 1% is shown in Figure 4 for a
typical instrument. It can be seen that
the optimum load is slightly more than
GOO ohms. The output impedance would
be about 400 ohms with no feedback and
it is 100 ohms with feedback. '

Figure 5 shows harmonic distortion
as a function of output power for a typi
cal instrument at 1 kc. At 20 cycles and
40 kc, the distortion is slightly higher.
These curves are taken with the ampli
fier supplied from a TYPE 1203-A Unit
Power Supply operating from a line
voltage of 115 volts. The voltage out
put for a given distortion and load is
roughly proportional to the line voltage.

The intermodulation distortion in
this amplifier is essentially independent
of the component frequencies over the
audio range. At 3-watts output, the

Figure 5. Harmonic distortion as a function of output
power at a frequency of 1 kc with 115-valt line.

I

I
I
I

I

J
l......---"'"

L...--

2

o

8

9

10



5 NOVEMBER, 1953

100

50

lJl

~20
~
~IO
"-
'3
o 5

2

/~ ,~

If ____ ",,~
1'7 ~
1/ SOLID LINES: :DNSTANT INPUT LEVEL

(OUTPUT MEASURED ON PEAK-READING VOLTMETER)

nIIC::H-D I ''''E: ~AX. OUTPUT FnR Ir,nnn nliTPIIT WAVEFnRM

Ie 10e 100e 1000e 10ke
FREQUENCY

IOOke IMe

Figure 7. Output voltage vs. frequency with 600-ohm load. Solid curves are for constant input level,
dashed curves for good output waveform.

USES
The TYPE 1206-B Unit Amplifier has

heen designed to give full output with
a maximum input of one volt, corre
sponding to the output voltage of many
electro-acoustic and electro-mechanical
measuring devices. Thus it can be used
to amplify their output to a level suffi
cient to operate graphic recorder. Typi
cal examples of these devices are the
TYPE 1551-A Sound-Level Meter, the
TYPE 760-B Sound Analyzer, the TYPE
1550-A Octave-Band Noise Analyzer,
SHoratio W. Lamson. "Type 941-A Toroidal Trans
fornlflr," General lZaclio Experitaenter, September, lO.iO,
PI'· :;- .

the TYPE 761-A Vibration Meter, and
the TYPE 762-B Vibration Analyzer.

It is also useful in amplifying the out
put of the TYPE 1390-A Random-Nois('
Generator for audio-frequency tests.

For use with load impedances other
than 600 ohms, the TYPE 941-A Toroidal
TransformerS is an excellent impedance
matchjng device. With this transformer,
load jmpedance from 37.5 ohm to
9600 ohms can be matched to the 600
ohm amplifier impedance. Frequency
response covers approximately fom
decade.

GOOn
20%

2 p.see.
4 p.sec.

SPECIFICATIONS
Input Impedance: 100,000 ohms in parallel with
35 p.p.£.

Frequency Response: Essentially flat from 10
cycles to 100 kc (see power output specifica
tion).
Voltage Gain: Continuously adjustable. Maxi
mum voltage gain is 50 (34 db), with no load.
A-C Hum: Maximum a-c hum in output with
TYPE 1203-A Unit Power Supply is less than
15 mv, rms.
Power Requirements: 6.3 volts, 2.7a; 300 volts,
50 rna. TYPE 1203-A Unit Power Supply is
recommended.
Power Supply: The amplifier plugs directly into
the TYPE 1203-A or the TYPE 1204-B Unit
Power Supply It can be permanently attached
with bolts supplied to form a complete assembly.
Accessories Supplied: Multipoint connector.
Tubes: One 12AX7 and two 6Wn-GT arc
supplied.

1 p.sec.
2 p.see.

Power Output: With 300-volt plate sllpply and
GOO-ohm load:

3 watts from 20 cycles to 50 kc.
1.5 watts from 10 cycles to 100 kc.
0.5 watt at 250 kc.

Distortion: Less than 1% harmonic distortion
with 2 watts output (2% with 3 watts) into 600
ohms from 20 cycles to 40 kc.

Pulse Response: No Load
Droop in 30-cycle square wave 15%
Approx. Ri e time:

50 v peak-to-peak
100 v peak-to-peak

Max output, peak-to-peak
magnitude 260 v 120 v

Lood Impedance: 600 ohms optimum. Blocking
capacitor is 100 p.r. (Source impedance about
100 ohm.. )
Input Voltage: Less than one volt for full power
output.
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Figure 8. No-load output voltage as a function of frequency. Solid curves are for constant
input voltage, dashed curves for good output waveform.
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Dimensions: (Width) 9~ X (height) 5% x
(depth) 6X inches, overall.
Net Weight: 4 pounds.

Terminals: Jack-top binding posts with standard
%-inch spacing.
Mounting: Black-crackle finished panel and sides.
Aluminum cover finished with clear lacquer.

Type Code Word Price

1206-8 I Un~t AmPlifier······························1
1203-A Un,t Power Supply .

P"tent "pplied for. Licensed under patents of the A. T. "nel T. Co.

ARBOR
A 1.11'J~

$85.00
40.00

HOSCILLATOR CONSIDERATIONS"
"With literally thou and of R-C band

switch oscillators in use throughout the
industry, we believe it is high time, par
ticularly with the many younger en
gineers entering industry who may not
have had experience with other types, to
mention a few favorable words about the

This article is one of the best
and fairest ummaries that we have
seen of the relative performance
of beat-frequency oscillators and
resistance-capacitance oscillators.
It is reprinted, with permission,
from Lab N ales, published by Gaw
ler-Knoop Company, Sales En
gineers, and was prepared by
Clough-Brengle Company, one of
the manufacturers whose products
are di tributed by Gawler-Knoop.

somewhat neglected, yet definitely de
serving, beat-frequency audio oscillator.

"Basic advantages of the BFO as com
pared with the RCO might be sum
marized as follows:

"1. The BFO output amplitude is con
stant throughout a frequency range of
usually 50 cps. to 10,000 cps. and within
0.5 db to 32 kc. It is not subject to discon
tinuityof output level resultingfrom band
switching as is necessary with RC types,
since no band switching is necessary.

"2. Because of insufficient overlap in
band switching, the investigation of
important network responses occurring
at RCO dial extremes becomes an in
convenient task.

"3. Thermal and warm-up stability of
the BFO is far superior to the RCO. At
1,000 cps., a typical drift figure for the
BFO from a cold tart is in the order of
JO cp . or J%, hut is corrected with
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l:5implc zero adjustmenL, so such erl'or il:5
diminished to essentially zero. The RCO
has about the same drift with no correc
tion control. At 1,000 cps. the BFO cal
ibration and readability accuracy i in
the order of 1% or better, while the R 0
i in the order of 2% or better. After a
t"'o-hour warm-up, both the BFO and
RCO have sub tantially tabilized. ince
BFO frequency drift is a constant value,
not a con tant percentage, the BFO will
perform even betterat higherfrequencies.

"4. A well-designed BFO will not ex
hibit frequency change with output at
tenuator setting changes.

"5. The rated distortion value for the
BFO is usually 72 of 1%, while the same
figure for the RCO is usually 1%. These
figures apply only above 100 cps., how
ever.

"6. The BFO depends upon the stabil
ity of L rather than R. It consequently
exhibits a uperior calibration perma
nence and can take advantage of the
further inherent stability resulting from
a low L- to C-ratio.

"7. Much has been said of the lock-in
tendencies of the BFO at low frequencie
(when both high-frequency 0 cillator
are approaching the same frequency).
This problem is one of the reasons for
BFO's to be more useful above 25 to
50 cps. However, let it be said that a
similar problem also exists with the
RCO since the tuning capacitor must
operate above chassis potential, which
causes it to tend to 'lock in' at power
line frequency and multiples thereof.

"8. Fairness in making a comparison
l:511ch as this dictates the comment that
Lhe RC circuits are ideal for low-fre
quency applications, generally below
50 cp ., where the design problems of the
BFO are extremely severe.

"Beat-frequency audio oscillator are
currently manufactured commercially
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by Geueral Radio ompany (who, by
the way, hold the ba ic RC oscillator
patent with 34 claims) and Clough
Brengle Co."

EDITOR'S NOTE: The General Radio
Company manufactures two model of
the RC-type of oscillator and four of the
beat-frequency type. Each is designed
for superior performance in its particu
lar field of application.

It is possible, when the application
ju tifies the additional expense, to im
prove greatly the performance of the
RC oscillator. The TYPE 1301-A Low
Distortion Oscillator, for instance, af
fords an excellent example of how the
properties of the RC-type of circuit can
be used to advantage. This oscillator
supplies 27 fixed frequencies between
20 and 15,000 cycles for use a test tones
in the measurement of harmonic distor
tion. Here, by careful design of the fre
quency- and amplitude-controlling cir
cuits and through the u e of high-quality
components, a total harmonic distortion
as low as 0.1% is obtained with a fre
quency drift of only 0.02 0 per hour.

The beat-frequency 0 cilIator ha an
outstanding advantage for audio-fre
quency testing. The frequency-control
dial can be made logarithmic in fre
quency over a range of three decades,
thus permitting the drive to be coupled
directly to a recorder for the automatic
recording of frequency-dependent phe
nomena over a range of 20 to 20,000
cycles without range switching. The
RC oscillator usually requires three
bands to cover this range. This log
arithmic, wide-range, single-dial con
trol is a feature of the TYPE 1304 Beat
Frequency Oscillator, which is widely
used for measuring the amplitude-vs.
frequency characteristic of audio-fre
quencyequipment.
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ELECTROLYTIC CAPACITOR TESTING AT 120 CYCLES

+
UNKNOWN

Current RETMA standards call for
the mea urement of electrolytic ca
pacitor at 120 cycles. As a result, a
number of our cu tomeI's have requested
modification of the TYPE 1611-A Ca
pacitance Test Bridge to permit meas
urements at this frequency.

The inclu ion of a 120-cycle source
for use over the entire capacitance range
of thi bridge would require substantial
and expen ive alterations. Relatively
minor and inexpensive changes, how
ever, make possible the use of an e:c-

Type PriceCode Word

lernal ]20-cycle 'ou rce for measure
ments with .the upper four multipliers of
the bridge. The e multipliers cover the
range from l}.Lf to 11,000 }.Lf, and are thu
appropriate for electrolytic capacitors.

As indicated in the accompanying
schematic diagram, the 120-cycle meas
uring voltage is applied in series with
the external d-c polarizing voltage nor
mally required for electrolytic capacitor
testing. Since the d-c supply is grounded,
the test voltage must be supplied
through an isolation transformer, which
can also serve to match the low imped
ance of the bridge (from a few ohms
to a few thousand ohms) to the 120
cycle source.

Tuning of the detector to 120 cycles
is provided, as is a jack to permit con
nection of a resonant circuit externally,
for mea urements at frequencies other
than 60 cycles or ]20 cycles.

The dissipation factor range is di
rectly proportional to the te t frequency;
thus at 120 cycle the range of the bridge
becomes 0% to 120%. The dissipation
factor accuracy is + (2 0 of dial reading

f+ 0.05% X (0)'

The modification described is dc:;ig
nated as TYPE 1611-AS2.

DC

EXTERNAL

r~~

1611-AS2 I Capacitance Test Bridge 1 FAVOli $525.00

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH 0 NE: TRowbridge 6· 44 00

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEl.-WOrth 2·5837

LOS ANGElES 38. CALIFORNIA
1000 NORTH SEWARO STREET

TEl.-HOllywood 9·6201

CHICAGO 5. ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2·3820



Figure 1. The Type 1703-A One-Sixth Horsepower Control.
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ROUND OUT THE LINE

IN

eTHE ADDITION of the TYPES l70I-AM,
1703-A, 1702-M, 1704-A, and l705-A
Variac® Motor Speed Controls to the four
previously announced brings to nine the
models now available.

THE TYPE 1703-A control, of H-hp
rating, fills the gap between the Yr5-hp
controls, TYPES l70I-AI\: and AU, and the
Y:i-hp control, TYPE 1700-B.

THE TYPES 1704-A and 1705-A controls
extend the line to higher ratings, I and 1~ hp, respectively.

THE TYPE 1702-M is a new %-hp control for push-button operation,
which is an alternative to the TYPE 1702-A.

VOLUME XXVIII No.7 DECEMBER, 1953
Copyright, 1953, General Radio Company, Cambridge, Mass., U. S. A.
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The TYPE 170l-AM control is similar
to the TYPE 1701-AK of X5-hp rating
but has only a single-speed range and
has an armature-circuit fuse accessible
from the front panel. Comparative
specifications and prices of the entire
line of controls are given in the table
on page 4.

The Variac Motor Speed controls,
first announced in April, 1949,' provide
adjustable constant-speed operation of
d-c motors from a-c lines. Separate recti
fiers supply field and armature power
and a Variac® adjustable transformer,
ahead of the armature rectifier, makes
it possible to vary the armature voltage
from the rated value down to zero
smoothly and with good regulation. The
superior performance of armature-volt
age control is thus provided by particu
larly simple and reliable equipment.

Advantages

This system, however, has advantages
not common to other adjustable-arma
ture-voltage systems, and it is becoming
evident in the rapidly expanding field of
applications that the control is basically
a new device with a unique combination
of characteristics. Selenium rectifiers are
employed so that power conversion and
control are accomplished without using
either rotating machinery or electron
tubes. Low-cost, simple installation,
elimination of warm-up time, and long
'w. N. Tuttle, "Variac Motor Speed Controls," General
Radio Experimenter. Vol. 23, April, 1949. pp. 1-8.

life with very much reduced maintenance
are the result. The use of selenium recti
fiers rather than tubes also greatly in
creases the short-period overload rating.
This is particularly important in starting
heavy loads or in repeated starting and
stopping. The rectified armature voltage
is reduced by changing the amplitude of
the a-c input, rather than, as in a thy
ratron rectifier, by cutting out part of
the cycle. The result is that it is relative
ly easy to filter the armature supply and
so to obtain very low ripple content.
This reduces both motor heating and
torque pulsation in the motor output.

The speed-torque characteristics of
the control, providing about 15-25 per
cent regulation at base speed, seem to be
definitely superior to those of a very
"stiff" drive for most applications. A
drive with these characteristics yields
enough to protect the work or tool when
irregularities are encountered, but main
tains constant speed under heavy load
under ordinary conditions.

Applications

With the Variac Motor Speed Control,
it is possible to start delicate equipment
or critical processes smoothly and slowly.
On toroidal winding machines handling
fine wire, for example, one user reports
that wire breakage has been practically
eliminated. On these machines, no other
control had been satisfactory.

An application where the excellent
starting characteristics of the control
have proved of great value has been for
the spindle drives of a battery of ten
winding lathes for transformer coils in
our own plant. Here, in order to obtain
maximum production, over-voltage
starting is employed with a special low-

Figure 2. Compact Control Station
for Type 1702-M Three-Quarter
Horsepower Control.
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inertia motor so that the spindle can be
accelerated to more than 5000 rpm in
about three seconds. Although the start
ing current peak is about seven times the
full-load value, maintenance on the con
trols has been negligible and none what
ever has been required on the motor
brushes or commutators. The first in
stallation of this group has been in
operation almost five years. A similar
application requiring frequent starting
and stopping is on automatic condenser
winding machines.

The virtual elimination of torque
pulsation, resulting from the very low
ripple content of the armature current,
has proved particularly valuable in pre
cision grinding work, and the control
is being used increasingly for both grind
er feeds and spindles and for similar
applications.

The controls have proved highly
versatile, and any listing of uses can
only suggest the many fields where they
can be used successfully. In machining
plastics and in lens lapping, the ease and
smoothness of adjustment have proved
very valuable. In conveyors and in
process work of various kinds, the con
stancy of speed has proved highly satis
factory in a large number of applications.
The characteristics of the controls have
been found particularly suited to rewind
ing and take-up drives of various kinds.

Descriptions of the new controls fol
low with a tabulation of specifications
and prices for the complete line.

The Type 1703-A One-Sixth Horse
power Control

As shown in Figure 1, this control is
similar in appearance to the TYPE 1701
controls but has two and one-half times

Figure 3. Cabinet, Variac, and Control Station for Types
1704-A and 1705-A Controls Rated One and One
Half Horsepower. The shallow cabinet tokes very little

room on the side of a machine.
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the output rating. It provides in ad
dition two features previously available
only in the larger models. These are
dynamic braking and the superior start
ing characteristics of compound-wound
motors. We have had many requests for
a control of this rating, a typical ap
plication being for heavier feed drives
than can be handled by the TYPE 1701
controls. A power cord and 372-foOt
motor cable are included as with the
TYPE 1701, and the control also requires
no bottom ventilation, so can be used
on a laboratory bench.

The Type 1702-M Three-Quarter Horse
power Control

This new control is offered as an
alternative to the TYPE 1702-A in cases
where the cabinet of the latter is too
large to be mounted within convenient
reach of the operator of the driven
machine, or where push-button control
is preferred to the mechanically-operated
switch. Control relays for starting, re
versing, and dynamic braking are in
cluded in the cabinet, replacing the
Variac and control switch; and the
Variac, push buttons, and a pilot light
are mounted in a separate, compact
control station, illu tJ°ated in Figure 2.
This is a dust-proof enclosure, which
protects the Variac fully from metal
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~1704-A 170S-A
.~---

I n1

230 230
6.5 s.s

219-2iiO 210-2511
No rating Noratill.$t

1500 19,'jO
90 90

4.5 B.O
9-230 0-230

0.5 0.5

21 X19)4X7 2IXl~I.;X7

WE),;!)\" WAXBR

1470.00 $4~5.00

Compound with ('ullillound with
Interpoles Interpoles

I lYo
:;'-20:1 N-204
17MI 1700

6 6

Ilall !lall

MO!)-9 MOV-1O

MOT01{' MOTOR'

75 87

1170.00 1195.00

I
1702-A

1703.A 17oo.B 1702.M--
!i2 to ;, Y.l' and !~ Yo and ~

115 115 115"
2.2 5 10

105-125 105-125 105-125
No rating No ratinK

255 560 1150
30 38 65

7l-iX7~X4%

I

12Y,X~r,;X6 13YoXI5X6Yo

9 2:1;-: 41

W),;IlBY AFOOT 1702-A AMAZE
1702-M WISTY

197.50 1170.00 1702.A 1245.00
l702-M $3.,0.00

VARIAC MOTOR SPEED CONTROLS

1.5 3.0 6.5
(H15 9-115 0-115

0.2 0.4 0.4
115 66 48 115 75 115 75 230 160 128 230 IllO 128
Oto 010 Oto Oto Oto Oto Oto 010 Oto Oto 010 Oto 010
rated 1.25 rated 1.50 rated rated 1.15 rated rated 1.15 rated rated 1.12 rated 1.25 rated rated 1.12 rated 1.25 rated

AutoSf~~jn~;Ot~08ition AUWCi:~~~~~~r~sitioll:\utoci:~~~t~~~~~~ition AutoCi~~Cul~~~~:k;~ition Autoci;~~~~:;~~k~~ition
1.7-2.0 amps 3.5-4.3 amps 7.25-9 amps 4.5-5.6 amps 7.25-9 amps
On cabinet On cabinet 170Z-A - On cabinet Remote Remote

1702-M - Remote

THESE MOTORS CAN BE SUPPliED WITH VARIAC MOTOR SPEEO CONTROLS

Motor Ratiugs: Open dr~IJtoor. ~ Series or Univer..1 I Compouud with
Reversible, 40 c. Rise ontiu- Shunt with Armature and Compouud COm1'01llllJ Int-erpoles
UOU! Horizontal, Rigid Base Field Leads Separate

Horsepower ;i,
J:I'2

;i \3 3.
Frame size :'1-34 F-5B H-5B H-6B
Speed RPM 1725 8800 172; 172; 1725
I.cads (brought out separately 4 4 6 6 6

(3~ foot motor calJlt: rurui~hetJ)

Bearings Sleeve Slee'"c Sleeve SIE'evC Sleeve

General Radio Designatioll MOD·; MOD-4 ~IOD-II ~IOD-3 MOD-6

Code Word MOTOIt' MOTOR' ~IOTOR' MOTOR' MOTOIt'

Net Weight - pounds 10~"
I 3H' 25 30 60!

Price $33.00 I $17.50 $41.00 151.00 181.00

I

1701_AK
Type No. 1701-AMt

I
1701_AU

Motor Horsepower Range ", aod Ie.. ~15 and less

Power Supply: (Single phase ac)
volts 115 115

FuU load amperes 1.5 1.5
Line voltage limits

at 60 cycles 105-125 105-125
at 50 cycles 105-120 105-120

InF~tI1~er- watts
175 175

Standby None None

Control Output - !)C
Armature - Amperes 0.8 0.8

Vallo 9-115 9-115
Field - Amperes 0.2 1.25 1.0

Volts 115 38 10 16
Speed Range 010 oto

rated 2 ratedt oto rated
Dynamic BrakiuK None None
Armature Overload P ..otection Slow.Blow Fuse Slow-Blow Fuse

at 0.9-1.15 amps 0.9-1.15 amps
Control Station On cabinet On cabinet

Cabinet Dimensions - inches 5YsX6YsX4% 5YsX6YsX4%

Net Weight - pound,

I.AK WI~DY I
6

Code Word W),;ARY
-AM WIDOW

I
I

Price 175.00 175.00

·To order motor v.ith Variac Speed Control,~ compound code word, WINDYMOTOR, AMAZEMOTOR, etc. Motors are not sold separately.
tThc Type l701-AM is similar to the Tr.De 1701-AK, except it has one speed range (0 to rated) and its armature fuse is aC<'eSl!:ihle from the Crollt panel.
.*Typc 1702-Pl Autotransformer is available for use on 23O-volt lines; weight, 20,1:&, pounds; price, $27.50, .,.
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chips and dirt. The relay control circuit
has been carefully engineered, the proto
type model having been in continual use
on a lathe in our Experimental Shop for
almost four years. We feel confident that
this control will be particularly free of
relay maintenance difficulties.

The Types 170~A and 170S-A Con
trols of One and One and One-Half
Horsepower Rating

These larger controls are also for push
button operation, but differ from the
smaller TYPE 1702-M in that a con
ventional push-button station is used
and the Variac is mounted separately.
Because of the size of the TYPE V-20
Variac, a single-unit control station is
no longer feasible. With the large ma
chines on which these controls would be
used, there is usually room in the cabinet
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where the Variac can be placed, making
the whole installation very simple and
compact.

Special Controls for Machine Manufac
turers

Frequently, the user wants to combine
a Variac speed control with other equip
ment in his own cabinet. For such appli
cations, the basic elements of the control
can be provided as a sub-assembly along
with a separate Variac. For these cases,
the user usually prefers to provide con
ventional contactors and overload pro
tection as part of the complete control
equipment for the machine or process.
These sub-assemblies are not listed as
standard controls but can be provided
on order in most sizes if reasonable
quantities are involved.

- W. N. TUTTLE

INK FLOW ON ROTATING ROLLERS

The accompanying photographs are
the result of an interesting study of the
physical properties of printing ink. The
General Radio TYPE 1530 Microflash
was used as a high-speed light source to
make all of these photographs.

Attempts to correlate theoretical
studies of physical properties of print
ing ink with actual press results ob
served are often unsuccessful for short,
stiff inks and inks used for high-speed
press operation. Mr. Lars H. Sjodahl of

Figure 1. Filamentation of white offset ink with the
Inkometer rollers turning at 300 feet per minute.
The fllaments reach a length of four-hundredths of
an inch, forty times the thickness of the ink fllm.

There is very little ink "mist,"

the International Printing Ink Division
of Interchemical Corporation has studied
this problem using an inkometer and the
Microflash. The inkometer allows meas
urement of the torque required to split
an ink film of predetermined thickness.
It consists essentially of two inked roll-
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Figure 2. Same ink at 900 feet per minute. The f1la
ments break closer to the "nip" because elastic forces

are built up more rapidly at higher speeds.

Figure 3. A head-on view of the same conditians shown
in Figure 2. There are about 130 filaments per inch.

ers, the speed of which can be varied to
simulate actual press condition. The
Microflash allows high-speed photo
graphs to be taken of the ink filaments
that form as the ink film on the rollers
separates.

Mr. Sjodahl's results indicate that
previous calculations of the force neces
sary to break the filaments were too
high, often by a factor of one hundred.
These calculations had been based
strictly on viscous flow equations. The
lower force actually required is attrib
uted to the effect of absorbed gases in
the ink expanding as the ink moves
away from the "nip" between the
rollers.

These Microflash photographs show
the length of the filaments under vary
ing conditions and the ink "mist" that
forms as the filaments break.

From "Ink Flow on Rotating Rollers" by
Lars H. Sjodahl, First Annual Meeting of the
Technical Association of the Lithographic In
dustry, Chicago, April 15, 1949.

Figure 4. An ink which "flies" badly at a speed of 300
feet per minute. The filaments stretch out to one-eighth
inch before breaking. Many free-floating ink particles Figure 5. Sketch of Inkometer rollers showing line af

are thrawn off. focus for Figures 1, 2, and 4.

FOR
A COMPLETE

CAPACITANCE
ASSEMBLY
MEASUREMENTS

The TYPE 161O-A Capacitance Meas
uring Assembly equipment is a well-

integrated assembly of standard General
Radio Company instruments mounted
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in a bench-type relay rack, complete
with all interconnections. With this
equipment, accurate two- or three-ter
minal measurements can be made of
capacitance and dissipation factor over
the frequency range from 60 cycles to
100 kc. The assembly is comprised of the
following instruments: TYPE 716-CR
Capacitance Bridge, TYPE 716-P4R
Guard Circuit, TYPE 1231 BRFA Ampli
fier and Null Detector and Filter, and
the TYPE 1302-A Oscillator. The as
sembly is operated from a 115 volt, 60
cycle, a-c power line.

The CapacitanceMeasuringAssembly,
TYPE 1610-A, has been in use at the
General Radio Standardization Labora
tory and government research labora
tories since it was first announced in the
August, 1952, Experimenter. In addition,
leading component and wire manu
facturers, aircraft manufacturers, and
petroleum companies have found that
the packaged convenience and accuracy
of the assembly add a new step in quality
control to their manufacturing processes.

The guard circuit eliminates the effects
of terminal capacitance by means of a
three-terminal connection to the sample
and makes possible accurate measure
ments of the direct capacitance of com
ponents and samples that may have
large terminal capacitances to ground.
One example of the use of this equipment
is the measurement of components over
wide ranges of temperature and humidity
as required by JAN specifications and
many present-day commercial applica
tions. The conditioning chamber in
which the sample must be placed is often
at a distance from the bridge terminals,
requiring shielded leads of considerable
length whose capacitance, in a simple
two-terminal measurement, would be in
parallel with that of the sample. With
the guard circuit, the same accuracy of
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measurement can be obtained under
these conditions as would be obtained
if a two-terminal sample' were connected
directly to the bridge terminals. Meas
urements of capacitance up to 1000 fJ.fJ.f
are possible to ±0.1% or 0.8fJ.fJ.f,' which
ever is the larger, and of dissipation
factor to ±0.00005 or ±2% for change
in dissipation factor observed, when the
change is less than 0.06.

For two-terminal measurements of
solid dielectric samples, the Capacitance
Measuring Assembly can be used with
the TYPE 1690-A Dielectric Sample
Holder, which is designed for use with
standard ASTM two-inch discs.

For use solely in two-terminal capaci
tance measurements, the assembly is
•When a worm-correction calibration fer the TYPE 716-C
Capacitance Bridge is used. the accuracy can be improved
to ±O.l% or ±O.21J.IJ.f. whichever is larger.
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available without the guard circuit,
which is replaced in the rack by a dummy

Type

panel. This assembly is the TYPE 1610
A2. Both assemblies are listed below.

161Q.A
161Q.A2

169Q.A

Capacitance Measuring Assembly .
Capacitance Measuring Assembly, less Guard

Circuit ..••••.•••..•......•........•.•...
Dielectric Sample Holder .•..................
Worm-Correction Calibration ........•.......

Code Price

SEDAN $1,930.00

SADER 1,635.00
LOYAL 435.00
WORMY 50.00

U. S. Patent 2,173,427. Licensed under patents of the American Telephone and Telegrapb Company and patents of the
Radio Corporation of America.

MISCELLANY
RECENT VISITORS from other countries
to the General Radio main plant and lab
oratories include: Professor A. Condom
Sastre, Electrical Engineering Depart
ment, University of Havana, Havana,
Cuba; Mr. A. Bray, National Institute
of Engineers, Naples, Italy; Mr. 1. Tani,
Research Department, Furukawa Elec
tric Company, Ltd., Nikkomachi, To
chigiken, Japan; Mr. Michel Picot of
Ets. Charollais, Picot et Cie, Paris, and
Mr. Paul Fabricant of Ets. Radiophon,
Paris, distributors of General Radio
products in France and the French Colo
nies; Mr. John Smith, Managing Di-

rector, Warburton, Franki, Ltd" Syd
ney, distributors of General Radio
products in Australia; Mr. P. E. G.
Malo, Engineer, Physics Department,
Canadian Celanese, Ltd., Drummonds
ville, Quebec; Mr. D. T. Reid, Sales
Manager, and Mr. T. V. Sweeney, Sales
Supervisor, Commercial Products Di
vision, Canadian Marconi Company,
Ltd., Montreal, Quebec, distributors of
General Radio products in Canada; and
Dr. J. Bauer, Chief Engineer of Hosler,
S. A.; and Mr. 1. Kaufmann, Research
Engineer of P. T, and T., Berne, Switzer
land.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH0 NE: TR owbridge 6- 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WOrth 2·5831

LOS ANGELES 38, CAliFORNIA
1000 NORTH SEWARO STREET

TEL.-HOllywood 9·6201

REPAIR SERVICES

CHICAGO 5, IlllNOtS
910 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820

WEST COAST
WESTERN INSTRUMENT CO.

826 NORTH VICTORY BOULEVARO
BURBANK, CALIFORNIA
TEL.-ROckwell 9·3013

CANADA
BAHY ENGINEERING, LTO.

5 FIRST STREET
AJAX, ONTARIO

TEL.-Toronto WA·6866


