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FreGuency (A. E. Thiessen: December, 1947)

Eccentricity Effects in Precision Rotary
Devices (Gilbert Smiley: January, 1948)

Equivalent Circuit and Performapce of Plated
Quartz Bars l On the (J. K. Clapp: March
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Impedance (R. A. Soderman: March, 1949)
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Noise (A. E. Thiessen: December, 1947)
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New Electrical Units, The (ft. F. Field: March
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(September, 1947)

Noise Measurements, Audio-Frequency Distortion
and (A. E. Thiessen: December, 1947)
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Thurston: February, 1948)

On the Equivalent Circuit and Performance of
Plated ~uartz Bars (J. K. Clapp: March-April,
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Operation with Fixed Brush Setting, Variac
(Gilbert Smiley: May, 1948)

Oscillator for Audio and Supersonic Frequencies,
A Vide Range (C. A. Cady: November, 1947)
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Frequency (L. P. Reitz, I. G. Easton: January,
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Parts, New Standard (May, 1948)
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Precision Condenser, Increased Accuracy ror the
(R. F. Field: June, 1947)

Quartz Bars, On the Equivalent Circuit and Per
formance of Plated (J. K. Clapp: March-April,
1948)

R-F Bridge, Measurements on I-F Transformers
with the Type 916-A (R. A. Soderman: January,
1949)

RG-8/U Cable, Coaxial Connectors for (February,
1949)

Radically New Coaxial Connector for the Labora
tory, A (V. R. Thurston: October, 1948)

Radio-Frequency Bridge, Sensitivity of the
Type 916-A (R. A. Soderman: January, 1948)

Radio-Frequency Capacitance Measuring Instru
ment, A Compact (V. F. Byers: November, 1948)

Radioactivity Measurements, A Counting-Rate
Meter for (A. G. Bousquet: July-August, 1947)

Ratings, Variac (Gilbert Smiley: October, 1948)

Recording with the Beat-Frequency Oscillator,
Automatic (L. P. Reitz, I. G. Easton:
January, 1948)

Regulation Curves, V-Line Variac (Gilbert
Smiley: November, 1947)

Regulation Measurements, A Variac Circuit for
(Gilbert Smiley: November, 1947)

Resistive Loads, Variacs Used with Incandescent
Lamps and Other (Gilbert Smiley: September,
1948)

Rotary Devices, Eccentricity Effects in Pre
cision (Gilbert Smiley: January, 1948)

Sensitivity of the Type 916-A Radio-Frequency
Bridge (R. A. Soderman: January, 1948)

Shotgun Compensators, The Microflash Looks at
(March, 1949)

Speed Controls, Variac Motor (W. N. Tuttle:
April, 1949)

Standard, The Interpolating Frequency (J. K.
Clapp: December, 1948)



Stroboscope, A High-Power, Low-Speed (v. R.
Saylor: May, 1949)

Supersonic Frequencies, A 1Iide-!lan&e Oscillator
for Audio and (C. A. Cady: November, 1947)

Television Services, Type 1170-A F-M Monitor
for Broadcast and (C. A. Cady: October, 1947)

Television Video Transmitters, A Frequency
Monitor for (C. A. Cady: September, 1948)

Television Video Transmitters and Other A-M
Services, A Frequency Monitor for (C. A.
Cady: September, 1947)

Transformers with the Type 916-A R-F Bridge,
Measurements on I-F (R. A. Soderman:
January, 1949)

Tubes, Geiger-Mueller Counter (March, 1949)

Type 916-A R-F Bridge, Mea,urements on I-F
Transformers with the (R. A. Soderman:
January, 1949)

Type 1170-A F-M Monitor for Broadcast and Tele
vision Services (C. A. Cady: October, 1947)

Type 1670-A Magnetic Test Set, The (Horatio V.
Lamson: August, 1948)

Units, The New Electrical (R. F. Field: July
August, 1947)

Units, The New Electrical (R. F. Field: March
April, 1948)

V-20 Series Variacs--New, Standard Models
Replace 100 Series--Ratings Increased
(Gilbert Smiley: December, 1947)

V-Line Variac Regulation Curves (Gilbert
Smiley: November, 1947)

Vacuum-Tube Bridge, Laboratory Exercises with
the (January, 1949)

Vacuum-Tube Voltmeter, A LOW-Frequency Multi
plier for the (December, 1948)

Vacuum-Tube Voltmeter, A Voltage Multiplier
for the (May, 1948)
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Variac Circuit for Regulation Measurement.,
A (Gilbert Smiley: November, 1947)

Variac Motor Speed Controls (V. N. Tuttle:
April, 1949)

Variac Operation with Fixed Brush Setting
(Gilbert Smiley: May, 1948)

Variac Ratings (Gilbert Smiley: October, 1948)

Variac Regulation Curves~ V-Line (Gilbert
Smiley: November, 1947)

Variac Vatts for Your Dollar, More (Gilbert
Smiley: December, 1948)

Variacs--New, Standard Models Replace 100
Series--Ratings Increased, V-20 Series
(Gilbert Smiley: December, 1947)

Variacs Used with Incandescent Lamps and Other
Resistive Loads (Gilbert Smiley: September,
1948)

Versatile Voltage-Divider, The (P. K. McElror:
Part I, February, 1949, Part II, May, 1949)

Video Transmitters, A Frequency Monitor for
Television (C. A. Cady: September, 1948)

Video Transmitters and Other A-ij SerVices, A
Frequency Monitor for Television (C. A. Cady:
September, 1947)

Voltage-Divider, The Versatile (P. K. McElror:
Part I, February, 1949, Part II, May, 1949)

Voltage Multiplier for the Vacuum-Tube Volt
meter, A (May, 1948)

Voltmeter, A Low-Frequency Multiplier for the
Vacuum-Tube (December, 1948)

Voltmeter, A Voltage Multiplier for the Vacuum
Tube (May, 1948)

Vatts for Your Dollar, More Variac (Gilbert
Smiley: December, 1948)

Vide-Range Capacitance Test Bridge, A (Ivan G.
Easton: July, 1948)

Vide-Range Oscillator for Audio and Supersonic
Frequencies, A (C. A. Cady: November, 1947)
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CAP-35 P""er Cord
GR Power Cord Now Available (June, 1948)

Type V-20 Variac
V-20 Series Variacs--New, Standard Models
Replace 100 Series--Ratlngs Increased
(Gilbert Smiley: December, 1947)

Type 546-B Microvolter
A New Model of the Microvolter (Arnold P. G.
Peterson: June, 1948)

Type 561-0 Vacuum-Tube Bridge
Laboratory Exercises with the Vacuum-Tube
Bridge (January, 1949)

Type 650-A Impedance Bridge
Bridge in Braille (January, 1948)

Type 722-0 Precision Condenser
Increased Accuracy for the Precision Con
denser (R. F. Field: June, 1947)

Type 732-B Distortion and Noise Meter
Audio-Frequency Distortion and Noise Measure
ments (A. E. Thiessen: December, 1947)

Type 874 Coaxial Connector
A Radically New Coaxial Connector for the
Laboratory (W. R. Thurston: October, 1948)
Coaxial Connectors for RG-8/O Cable
(February, 1949)

Type 913-e Beat-Frequency Oscillator
Automatic Recording with the Beat-Frequency
Oscillator (L. P. Reitz, I. G. Easton:
January, 1948)

Type 916-A Radio-Frequency Bridge
Measurement s on I-F Transformers with the
Type 916-A R-F Bridge (R. A. Soderman:
January, 1949)
Sensitivity of the Type 916-A Radio-Frequency
Bridge (R. A. Soderman: January, 1948)

Type 916-AL Radio-Frequency Bridge
A New Bridge for Impedance Measurements at
Frequencies between 50 Kilocycles and 5 Mega
cycles (R. A. Soderman: March, 1949)

Type 11l0-A Interpolating Frequency Standard
The Interpolating Frequency Standard
(J. K. Clapp: December, 1948)

Type 1141-A Audio-Frequency Meter
A Bridge-Type Audio-Frequency Meter (Martin A.
Gilman: February, 1948)

Type 1170-A F-M Monitor
Type 1170-A F-M Monitor for Broadcast and
Television Services (C. A. Cady: October,
1947)

Type 1175-B Frequency Monitor
Type 1175-BT Frequency Monitor
Type 1176-A Frequency Meter

A Frequency Monitor for Television Video
Transmitters and Other A-M Services (C. A.
Cady: September, 1947)
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Type 1182-T Video Frequency Monitor
A Frequency Monitor for Television Video
Transmitters (C. A. Cady: September, 1948)

Type 1190-A Quartz Bar
On the Equivalent Cirelli t and Performance of
Plated Quartz Bars (J. K. Clapp: March-April,
1948)

Type 1205-A Unit Power Supply
Type 1206-A Unit Amplifier
Type 1207-A Unit Oscillator

Inexpensive, Basic Instruments for the Lab
oratory (November, 1948)

Type 1231-B Amplifier and Null Detector
An Improved Amplifier and Null Detector
(V. R. Thurston: February, 1948)

Type 1302-A Oscillator
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sonic Frequencies (C. A. Cady: November, 1947)

Type 1304-A Beat-Frequency Oscillator
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June, 1948)

Type 1500-A Counting-Rate Meter
A Countin~-Rate Meter for Radioactivity Meas
urements lAo G. Bousquet: July-August, 1947)
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Type 1500-P5 Counter Tube

Geiger-Mueller Counter Tubes (March, 1949)

Type 1530-A Microflash
The Microflash Looks at Shotgun Compensators
(March, 1949)

Type 1532-A Strobolume
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Saylor: May, 1949)
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Easton: July, 1948)
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uring Instrument (V. F. Byers: November, 1948)

Type 1670-A Magnetic Test Set
The Type 1670-A Magnetic Test Set (Horatio V.
Lamson: August, 1948)

Type 1700-A Variac Speed Control
Variac Motor Speed Controls (V. N. Tuttle:
April, 1949)

Type 1800-P2 Multiplier
A Voltage Multiplier for the Vacuum-Tube
Voltmeter (May, 1948)

Type l800-P3 Low-Frequency Multiplier
A Low-Frequency MUltiplier for~he Vacuum
Tube Voltmeter (December, 1948)
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A Compact Radio-Frequency Capacitance Meas
uring Instrument (November, 1948)

Cady, C. A.
A Frequency Monitor for Television Video
Transmitters (September, 1948)
A Frequency Monitor for Television Video
Transmitters and Other A-M Services (Septem
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Gilman, Martin A.
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ary, 1948)
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1948)
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Peterson, Arnold P. G.
A New Model of the Microvolter (June, 1948)

Reitz, L. P.
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Oscillator (January, 1948)
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1949)

Sinclair, D. B.
Making a Good Instrument Better (June, 1948)

Smiley, Gilbert
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(November, 1947)
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Devices (January, 1948)
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(December, 1947)
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1947)
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(May, 1948)
Variac Ratings (October, 1948)
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cycles (March, 1949)
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Acoustic Calibrator for the Sound-Level Meter,
An (E. E. Gross: December, 1949)

Amplifier, A Versatile Paller (W. F. B:rers:
Jsnuar:r, 1951)

Amplitude Modulator for V-H-F StaDdard-Signal
Generators, A Versatile (D. B. Sinclair:
NO"9'elllber, 1949)

Amplitude Modulator for Video Frequencies, An
(W. F. B;rers: March, 1950)

Attenuator Having a Vide Frequenc:r Range, A
Precision (Horatio V. Lamson: December, 1949)

Audio-Frequenc:r Signal Generator for Non
Linear Distortion Tests, An (A. P. G.
Peterson: August, 1950)

Ba:r1:r Engineering Offers Repair Service to
Canadian Customers (April, 1950)

Bo1011leter Bridge for the Measurement of Power
at High Frequencies, A (R. A. Soderman:
Jul:r, 1950)

Bridge for the Measurement of Impedance be
t_en 10 and 165 Mc, A Nev (R. A. Soderman:
Februar;y, 1950)

Broadcast Use, A Simple Standard-Signal Gener
ator for F-M (D. B. Sinclair: November,
1949)

Broadcasting Station, Distortion Measurement
in the (Frank D. Le\lis: June, 1949)

Calibrator for the Sound-Level Meter, An
Acoustic (E. E. Gross: December, 1949)

Capacitance Meter, T;rpe 1612-AL R-F
(Po K. McElro:r: Febnar;r, 1951)

Coaxial Measuring Equil'"'lent for the U-H-F
Range, Simpler Complete (W. R. Thurston:
Januar:r, 1950)

Counting-Rate Meter, Improvements in the
(A. G. Bousquet: September, 1950)

D. B. Sinclair Becomes Chief Engineer
(April, 1950)

Decade Inductor, A Hew (Horatio V. Lamson:
Jul:r, 1949)

Designr Mechanical (Harold M. Wilson: Januar:r,
1951)

Direct-Reading Impedance-Measuring Instrument
for the U-H-F Range, A (V. R. Thurston:
Ma:r, 1950)
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Distortion, Intennodulation (A. P. G. Peterson:
March, 1951)

Distortion Measurement in the Broadcasting
Station (Frank D. Le\lis: June, 1949)

D;ynBlllic Microphone for the Sound-Level Meter,
A (April, 1951)

!mergenc:r Paller Equll'"'lent for Frequenc:r Stand
ards (April, 1951)

Frequenc:r Standards, Emergenc:r Paller Equil'"'lent
for (April, 1951)

General-Purpose .looM Standard-Signal Generator
(A. G. Bousquet: September, 1949)

Impedance-Measuring Instrument for the U-H-F
~e, A Direct-Reading (V. R. Thurston:
Ma:r, 1950)

Improved Varia~Speed Control, An ~V. N. Tuttle:
Ma:r, 1951)

Impro"9'elllente ill the Counting-Rats Metsr
(A. G. Bousquet: September, 1950)

Inductor, A Hew Decade (Horatio W. Lamson:
Jul:r, 1949)

Intermodulation Distortion (A. P. G. Peterson:
March, 1951)

Light Meter for Electronic Flash Photography
(October, 1950)

Los Angeles Staff Increased (Apri], 1950)

Measuring Noise Levels on Frequenc:r-Modulated
Transmitters (C. A. Cady: August, 1949)

Mechanical Design (Harold M. Vilson: Januar:r,
1951)

Mixer Rectifier, T;rpe 874-MR (Eduard Karplus:
Ha:r, 1950)

New Bridge for the Measurement of Impedance
bet_en 10 and 165 Mc, A (R. A. Soderman:
Februar;r, 1950)

New Decade Inductor, A (Horatio W. Lamson:
July, 1949)

New Personnel, Enlarged \lUarters tor our Nev
York Engineering and Salee Office (April,
1950)

New, Special Tennillal Boxes for V-5 and V-IO
Variacs (September, 1950)

Noise Levels on Frequency-Modulated trans
mitters, Measuring (C. A. Cady: August,
1949)



lion-Linear Distortion Tests, An Audio-Frequency
SignsJ. Generator for (1. P. G. Peterson:
August, 1950)

OscillAtor, 1 W1d_1"requ~cy-Range Bridge
(A. G. Bousquet: DeclllDber, 1950)

OscillAtors, V~-:P' and U~-F Unit (Eduard
Jrarplus: Ma,., 1950)

Photograph,., Light Heter for Electronic l"lash
(October, 1950)

Polariscope for Dynamic Stress Anal,.sis, A
(Gilbert Smiley: June, 1950)

Precision Attenuator Having a Vide Frequency
Range, A (Horatio V. Lamson: December, 1949)

Repair, ReturniDg Instruments for (H. H. Da_s:
October, 1949)

Repair Service to Canadian Customers, ~1,.
Engineering Offers (April, 1950)

Returnillg Instruments for Repair (H. H. Da_s:
October, 1949)

Robert F. Field Retires (Februar;y, 1951)

SignsJ. Generator for Non-Linear Distortion
Tests, An Audio-Frequency (1. P. G. Peter
son: August, 1950)

Simple, Complete Coaxial Measuring Equipment
for the U~-F Range (W. R. Thurston:
Jimuar;y, 1950)

Simple Standard-Signal Generator for :rooM
Broadcast Use, A (D. B. Sinclair: November,
1949)

Slotted Line, U-H-F Measurel:lents with the T;ype
874-LB (R. 1. Soderman, V. M. Hegue:
November, 1950)

Smaller Variac!iil Speed Control, 1 (W. II. TutUe:
Octol>er, 1949)

Sound Anal,.zer, T;ype 760-B (September, 1950)

Sound-Level Meter, An Acoustic Calibrator for
the (E. E. Gross: December, 1949)

Sound-Level Meter, A Dynamic Microphone for
the (April, 1951)

Stendard Inductors, Toroidal, Dust-Core
(Horatio V. Lamsoo: Deoember, 1950)

Stendard-Signal Generator for FooM Broad
cast Use, 1 Simple (D. B. Sinclair:
November, 1949)

Stendard-Signal Generator for Frequencies
Between 50 and 920 Mc, A (Eduard Jrarplus,
Ervin E. Gross: March, 1950)

Stendard-S1gnal Generator, General-Purpose
AooM (1. G. Bousquet: September, 1949)

Stendard-S:lgnal Generators, 1 Transfonner for
J(l()-{lhm J:lalanced Output from (November,
1949)
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Stendard-Signal Generators, A Versatile Ampli
tude Modulator for V-H-F (D. B. Sinclair:
lIoTelllber, 1949)

Stress Analysis, A Polariscope for D;ynamic
(Gilbert Smiler- June, 1950)

Tenninal Boxes for V-5 and V-I0 Variacs,
!lev, Special (Sept_ber, 1950)
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Figure 1. Ponel view of
the Type 916-A Rodio

Frequency Bridge.

MEASUREMENTS ON I-F TRANSFORMERS

WITH THE TYPE 916-A R-F BRIDGE

INTRODUCTION

In the present tandard design specifica
tions for I-F transformers, some of the
quantities specified are not directly related
to the actual performance of the trans
former in a radio receiver, and some cannot
be measured without disa sembly of the
unit. Mr. C. A. Hultberg, Mr. T. Vanacore,
and other members of the engineering de

partment of the Colonial Radio Corporation have proposed a new et
of design specifications based on three quantitie , directly related to
performance, which can be measured without disassembly of the trans
former. They are:

1. Coil inductances.
2. Resonant impedance or conductance of each winding with the

other winding short-circuited.
3. Coupling factor.
The resonant conductances and the coupling factor in this design

specification can be measured accurately and directly by the
TYPE 916-A R-F
Bridge using the
methods described
in this article. The
coil inductances
can be measured
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Figure 2. Equivalent series circuit af a high resistance
in parallel with a capacitar.

wit b high accuracy on the TYPE 821-A
Twin-T Impedance Measuring Circuit
!Jy the two-frequency method without
disconnecting the trimmer capacitors.
EqllUlly good results can be obtained
with ihe Radio-Frequency Bridge and
all external TYPE 722-N Precision Con
<.Ienser, connected for parallel substitu
tion measurements.

CONDUCTANCE MEASUREMENTS
AIt hOllgh the TYPE 916-A R-F Bridge

\VHS dc:,;igned for the measurement of the
R()ri(~J'j components of relatively low im
Iwdall(~es, it can easily be adapted to
llleaSlll'e high impedances by shunting
Lbe llllknown with a reactance so chosen
as 1,0 bring the impedance of the com
bination within the range of the bridge.
For the measurement of a high resist
ance, i.e., the resonant impedance of a
parallel tuned circuit, it is possible to
make the bridge direct reading in cir
cuit conductance and to eliminate most
of the calculations that usually make
this method of measurement so tedious.

As shown in Figure 2, the capacitor,
Ca, connected across a resistor, Ro, has
an equivalent series circuit consisting of
the same capacitor in series wjth a re-

sistor approximately equal to X a

2

, when
Ro

X a is very small in comparison to Ro.
This series resistance can be measured
on the bridge and the value of Go de
termined from the expression

2

1 Rm
Go = R

o
= X a2 (1)

where Rm is the reading of the bridge
resistance dial. The bridge can be
made direct reading by so choosing the
capacitor Ca to make X a

2 a decimal
value, thus eliminating all calculations.

In an actual measurement, the shunt
ing capacitor alone is first connected
across the bridge terminals and an
initial balance made. The tuned circuit
to be mea.'mred is then connected in
parallel with the capacitor and a final
balance made by adjusting the resist
ance dial on the bridge and the tuning
capacitor on the circuit under test.

Since the method of measurement is
based on an approximation, the accu
racy and limitations of the method must
be known before it can be used effec
tively. In the following paragraphs, the
method will be analyzed and the mag
nitude of the errors determined.

Under the conditions outlined above,
the impedance Zl connected across the
bridge terminals during the initial bal
ance is

Zl = jX1 = jXa (2)
where X a is the reactance of the shunt
capacitor Ca shown in Figure 3.

When the tuned circuit having a
series resistance R z and a reactance X z

is connected and the final balance made,
the series resistive and reactive com
ponents of the impedance Zz then con
nected across the terminals are:

R, ~ R. ~ ~:. (/+ X)' (3)
z 1 + a z

Rz

Figure 3. Bridge cannectians far the measurements
discussed in this article.

916 -A C,

I
Rx ... )X x

I
R-F BRIDGE OR

Gil .. jSx

""$"'
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(4)

In this case, Rm is the reading of the
resistance dial, and, since the reactance
dial is not moved when making the final
balance,

(5)

If the expression for X 2 given in Equa
tion (5) is substituted in Equation (4),
and the resulting expression for X", sub
stituted in Equation (3), the result is

JANUARY, 1949

100

(6)

(7)

fREQUENCY IN IllIEGACYCLIES

Figure 4. Shunt capacitance vs. frequency for various
decimal multipliers.

Equation (7) shows that the resonant
circuit must be detuned to produce a
series reactance of magnitude -Xa for
balance. Detuning causes the effective
series re i tance, R"" to decrease from
its maximum value at resonance, Ro.
The magnitude of this deviation is small

if X a is small, and can be calculated in
Ro

the follo\',ing manner.
For small deviations, IlC, from the

capacitance at resonance, Co, the effec
tive series resistance and reactance of a
parallel-tuned circuit are given quite ac
curately by the approximations

termined from Equation (9). The actual
deviation in R", from its resonant value
can then be determined from Equation
(). The resultant expression for the
re onant conductance, Go, is:

1 R m
[ (Xa)2JGo = - "'-2 1 - - mhos (10)

Ro X a Ro

If we let

(11)

and

Xa
-«1
Ro '

where Q is the storage factor of the
resonant circuit. The amount of detun
ing necessary to produce the reactance
indicated by Equation (7) can be de-

t::.C
X", '" Co QRo

(8)

(9)

then

Go '" KR m mhos = KIlR m jLmhos (12)

where K il is the factor which converts
the indicated series resistance in ohms
to the resonant conductance in mi
cromhos.

106

K il = 106K = -2 (13)
X a
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The error, E, in the indicated con
ductance expressed as a fraction of the
indicated conductance is approximately:

E ~ (Xa)' = Go' = KR •
- Ro K m

= K,.Rm' X 10-6 (14)

Therefore, if the errors due to detuning
are to be kept small, the reactance of
the hunt capacitor should be very small
compared to the resonant impedance.

The error due to losses in the hunt
ing capacitor are negligible as long as
the dissipation factor of the capacitor
is less than 0.01 and the resistance dial
is set at zero when the initial balance
is made with the capacitor alone con
nected.

The shunting capacitances required
for various value of K" are indicated in
Figure 4. Figure 5 shows the values of
conductance measurable within various
accuracies as a function of K". The
limits indicated by the dashed lines are
determined by the accuracy of calibra
tion of the re istance dial.

The
former

EXAMPLE

intermediate-frequency trans
chosen for this illustration i a

4

standard double-tuned inductively
coupled unit, operating at 455 kilo
cycles, which is completely assembled in
its shield can with its trimmer capacitors
connected. In the following paragraphs
the general test procedure will be de
scribed; however, in most applications a
number of short-cuts will be apparent to
the user.

The first step is to e timate roughly
the magnitude of the conductance to be
measured so a value of K" can be selected
which will permit the measurement to be
made within the desired accuracy. In
the example under consideration, the
conductance is of the order of 30 J,Lmhos,
and the desired accuracy is -+-5 per cent.
From Figure 5 it can be seen that a K"
of 0.1 meets these requirements. Figure
4 or Equation (13) shows that the shunt
ing capacitance required for this value
of K" at 455 kilocycles is 110.6 J,LJ,Lf.

The indicated value of shunting ca
pacitance includes the terminal capaci
tance of the bridge and other stray
capacitances. Hence, for greatest ac
curacy, the capacitor should be meas
ured in place on the bridge. This can be
done using the reactance-measming
property of the bridge itself; however,
the accuracy of the determination of K"

Figure 5. Range of conductance measurable within
given accuracy limits for various values of KI"

Figure 6. Resistance above which the "Boella Effect"
starts to influence appreciobly the parallel resistance

of IRe Type F-l Resistors vs. frequency.
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under these conditions is only ±4 per
cent, because the bridge accuracy
for reactance measurement is ±2 per
cent.

A more accurate method of determin
ing the precise value of KJl is to measure
the conductance of a low-reactance re
sistor having a known conductance,
using the bridge in the same manner as
for transformer measurements. In this
method of calibration the reactance dial
is adjusted for the final balance in place
of the tuning capacitor on the trans
former, and KJl is the ratio of the con
ductance of the standard re istor to the
resistance dial reading.

The a-c conductances of IRe TYPE
F-1 Resistors and other similar units are
very close to their d-c conductances for
resistances within the limit indicated
in Figure 6; deviation at higher re
sistances is caused by the Boella effect.
In ome ca e the shunt capacitance of
the re istor will cau e small errors; how
ever, correction for these error can be
made using Figure 7. In tllis case a
100,000 ohm resistor is used as a stand
ard and the shunting capacitance ad
justed until the resistance dial reads
100 ohms.

After the shunting capacitance ha
been adju ted or the value of KJl ac
curately determined, the capacitor is
connected across the bridge terminals
and the initial balance made. This
balance should be made wi th the re ist
ance and reactance dials both et at
zero and the L-C switch in the L position
if the shunting capacitance is greater
than 160 fJofJof. If the shunting capacitance
is less than this value, the L-C swi tch
should be set in the C po ition, the
resistance dial at zero, and the react-

103

ance dial at about 5000 - -= fMc'
VKJl
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Thi procedure eliminate the necessity
of making an additional initial balance
with the bridge terminals shorted. In
the ca e under consideration, the ca
pacitance is 1l0.6fJofJof 0 the L-C s,,'itch
i et in the C position, the reactance
dial at 3500, and the initial balance
made.

The circuit i now set up to measure
the unknown conductance. The resonant
conductance of the primary alone should
be measured fir t. This is done by short
circuiting the econdary winding leads
and connecting the primary winding in
parallel with the shunting capacitor on
the bridge. Then a balance is obtained
by adjusting the resistance dial on the
bridge and the primary trimmer ca
pacitor in the transformer. The reading
of the re i tance dial multiplied by KJl
gives the magnitude of the conductance.
In this example the resistance dial
reading is 134 ohms and, since KJl = 0.1,
the mea ured conductance is 13.4
fJomhos.

Figure 7. Correction in measured conductance for
error caused by reactance in the circuit under test.
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MEASUREMENT
OF COUPLING FACTOR

The coupling factor, Fe, is defined as:

Rp Gpr
Fe = - = - = 1 + k 2QpQr

Rpr Gp

= 1 + (~y (15)

where Rp and Gp are the resonant
primary resistance and conductance
with the secondary short-circuited, R pr

and Gpr are the resonant primary re
sistance and conductance with the
secondary resonated, Qp is the storage
factor of the primary circuit alone, Qr
is the storage factor of the secondary
circuit alone, k is the actual coefficient
of coupling, and ke is the coefficient for
critical coupling.

In order to determine the coupling
factor, the resonant primary conduct
ance must be measured with the trans
former secondary resonated. This is
accomplished by removing the short
circuit from the secondary and obtaining
a new balance by adjusting the re
sistance dial and the secondary trimmer
capacitor. The other bridge controls and
the primary tuning should not be dis
turbed between the two measurements
of the primary conductance. In this
measurement the error will be approxi
mately twice that indicated in Figure 5.
The resistance dial reads 273 ohms when

REPRINTS
Reprints of the foregoing article are

being prepared, with larger and more
detailed charts of Figures 4 through 7.

6

the secondary of the transformer under
consideration is resonated, and hence its
conductance is 27.3 ,umhos. From Equa
tion (15) the coupling factor is therefore

27.3 k
- = 2.04 and - = 1.02.
13.4 kc

The resonant secondary conductance
can be measured in the same manner as
outlined for the primary; and, if desir
able, the coupling factor can be deter
mined from measurements on the sec
ondary instead of the primary. The
same answer should be obtained in both
cases.

The resonant conductance of other
types of single and double-tuned cir
cuits and the conductance of relatively
low-reactance resistors can also be
measured accurately on the TYPE 916-A
R-F Bridge through the use of the
method described, and, in application8
in which a number of measurements are
required at one or more specified fre
quencies, a fixture can be constructed
which will mount directly on the bridge
and have the required calibrated capaci
tors connected acro s the terminals by
means of a switch. For tuned-circuit
measurements, small ex'ternal trimmer
capacitors may also be provided to
permit a finer tuning capacitance ad
justment than can be obtained using the
capacitors built in the transformer.

- R. A. SODERMAN

AVAILABLE
Copies will be available shortly and will
be sent to any of our readers who request
them. - EDITOR
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LABORATORY EXERCISES WITH
THE VACUUM-TUBE BRIDGE

AB is evident from a consideration of the title, "A Precise Laboratory Exer
its circuit characteristics, the TYPE cise Using a Vacuum-Tube Bridge,"
561-D Vacuum-Tube Bridge is not describes a student laboratory exercise
limited in its applications strictly to the based on the TYPE 561-D Vacuum-Tube
measurement of tubes, but is capable of Bridge. The article covers such mea ure
measuring the voltage gain, output ments as the gain and output resistance
resistance, and effective transconduct- of triode amplifiers with and without
ance of any three-terminal network feedback, cathode followers, negative
appropriately connected to its terminals. coefficients, and the determination of

The versatility and adaptability of the criterion for oscillation of a negative
the bridge for these measurements make resistance oscillator. This comprehensive
it particularly useful in teaching and and very readable article should be of
in laboratory experiments for students. interest to teachers of electronics and of
In the March, 1948, issue of American electrical communications. Reprints are
Journal of Physics, Professor Edward available and we shall be glad to send
H. Green, of Brooklyn College, under copies to all who request them.

MISCELLANY
RECENT VISITORS to our plant and
laboratories - Mr. John R. Pheazey,
Works Director, Standard Telephones
and Cables, Ltd., London; Mr. C. I.
Snow and Mr. F. H. Andrews of Im
perial Chemical Industries, London;
Mr. K. Bogedam, Copenhagen; Dr. L.
Rohde of Rohde and Schwartz, Munich;
and Mr. H. S. Walker, RCA Victor Co.,
Ltd., Montreal.

1949 IRE CONVENTION - March
7-10 are the dates set for the 1949Annual
Convention of the Institute of Radio En
gineers, which promises to be the biggest
and best in the Institute's history. The
Convention will open with the annual
meeting of the Institute on Monday,
March 7, at 10:30 A.M., when Ivan S.
Coggeshall will speak on "Perpetual
Youth and the IRE." On Tuesday, the
President's Luncheon will honor the in
coming president, Stuart L. Bailey,

and on Wednesday evening, at the
annual banquet, Frank Stanton, presi
dent of CBS, will speak on "Television
Today."

Technical sessions will be held at both
the Hotel Commodore and Grand
Central Palace. A total of 170 papers
will be presented during the 4-day
period, covering a wide range of sub
jects in radio, electronics, and allied
fields.

Some 200 firms will exhibit their
products at the Radio Engineering
Show, held at Grand Central Palace.

The General Radio exhibit will be in
Booths 92 and 93, the same space that
we have had for the past two years. Rep
resentatives of the Development En
gineering, Sales Engineering, and Serv
ice Departments will be on hand to
discuss applications of General Radio
equipment and to answer questions. We
hope that all our friends will drop in.
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A group of Type 1100 Frequency Standards undergoing performance tests in our Standardizing Laboratary.
Accuracy and stability must be well inside catalog specifications before the oscillators receive the

Laboratory's O.K.
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A CRYSTAL MODE INDICATOR

T HISIN
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COAXIAL CONNECTORS 8

Figure 1. Panel view of the crystal
mode indicator.

• ONE OF THE MOST TROUBLESOME
EFFECTS encountered in the production of
quartz plates for frequency control is that
of "spurious" or "coupled" frequencies.
These are due to modes of vibration giving
unwanted response frequencies near the
desired frequency. hanges in temperature
can cause the interfering frequencies to

move nearer to, or farther from, the desired mode, in which case the
normal response may decrease or increase as the temperature changes.
If the quartz plate is u ed in an oscillator, the amplitude of oscillation
will change as the temperature change , and sometimes oscillation
cease altogether at a par
ticular temperature.

To examine a crystal by
point-by-point measure
ments is extremely difficult
and tedious, to say the least.
Such measurements are of
but little value for produc
tion control since they must
be repeated for each change
made in the dimensions of
the quartz.

During the war, an in
strument for rapidly exam
ining the response spectrum
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of quartz plates was suggested by Prof.
K. S. Van Dyke, of Wesleyan Univer
sity, to several manufacturers, but no
instrument was produced. At the close of
the war, workers at the Signal Corps
Laboratories and at colleges, under Sig
nal Corps contracts, developed instru
ments, one of which, built by the Signal
Corps Laboratories, was exhibited at the
I.R.E. Convention in New York in
March, 1948.

This equipment utilized frequency
modulation of an oscillator, produced by
electronic means controlled by the sweep
voltage of an oscillograph. The oscillator
output was applied to a quartz plate and
the rectified response was displayed on
the cathode ray oscillograph. The shunt
capacitance of the holder was balanced
out, so that the pattern represented
the admittance of the quartz element
alone.

A simplified arrangement, utilizing a
General Radio TYPE 700-A Wide-Range
Beat Frequency Oscillator, with a small
motor-driven (or manually operated)
variable capacitor as the frequency
modulation means, is easily assembled
and is very useful for testing quartz

2

plates in the range from 500 to 5000
Mc.

This crystal mode indicator, now in
use in the General Radio Company's
crystal grinding laboratory, is shown in
Figure 1. At the top of the rack is a
General Radio TYPE 700-A Wide-Range
Beat Frequency Oscillator. One con
necting wire is brought out at the rear,
from the fixed oscillator tuned circuit,
for connection to the frequency sweep
ing capacitor described below.

At the bottom of the rack are the con
trol panel and the cathode-ray oscillo
scope. The oscilloscope shown here is a
Dumont Type 250, with a five-inch
super-persistence tube. This model is
particularly convenient, since d-c ampli
fier connections are available by use of
selector switches on the panel. (A Du
mont Type 208-B unit was used pre
viously, where d-c amplifier connections
are available by changing the internal
wiring in accordance with instructions
given by the manufacturer.)

The control panel has a rest at the
upper left-hand corner for the heater
unit used in bringing the temperature
of the test crystal up through the normal
operating temperature. The unit is a
heavy aluminum cup in which are buried
two cartridge-type heaters operating at
a total power of 50 watts. At the upper
center of the control panel is the test
crystal, which plugs into jacks mounted
in a polystyrene plate. Below the test
crystal is the dial on the shaft of the fre
quency sweeping capacitor, with an
adjustment knob (just to the right of the
dial) for altering the spacing of the
plates. This provides for altering the
range of the frequency sweep.

Figure 2. Rear view, showing the motor drive and
frequency.sweeping capacitor.
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10 BLANKING CONTACTOR

Figure 3. Schematic diagram af
the electrical circuit.

Figure 4. Oscillogram of the response of a
quartz plate with two spurious response fre

quencies.

is used, difficulty is encountered from
"ringing" in the crystal.

The fixed plate of the frequency
sweeping capacitor is a sector 15° wide
supported on a guided block on the
vertical base. By means of a threaded
shaft this plate can be moved toward or
away from the rotating plate to change
the range of frequency sweep. A scale
and pointer are provided so that the
sweep range can be reset to desired
values without the need of recalibra
tion.

At the upper right are mounted the
resistors, by-pass capacitor, and ger
manium rectifier used for obtaining a
rectified d-c response voltage from the
quartz crystal under test. The essentials
of the circuit are shown in the schematic
diagram of Figure 3. (For convenience in
viewing, the germanium rectifier is poled
to give negative deflections on the
screen.)

An unretouched photograph of the
response of a 1400 kc AT-cut quartz
plate, before edge grinding, is shown in
Figure 4. The sweep cycle starts at the

TO VERTICAL
o-c AMPLIFIER

TO HORIZONTAL
0-0 AMPLIFIER

.001
pI

IN34

0.1 Mig.
MOTOR DRIVEN

r--JO

,---
BATTERY

CONTACTS OF
MASTER POWER

SWITCH

Below these is the clutch control knob,
operating a spring pressed idler wheel to
be either free of the belt or to press on
the belt connecting the drive motor and
sweep frequency capacitor shaft. When
disengaged, the sweep can be operated
manually by rotating the dial. Where
much routine use is made of the equip
ment, a motor drive is desirable. For
occasional use, or for demonstration pur
poses, manual operation is entirely satis
factory.

At the bottom of the control panel is
the Variac knob for controlling motor
speed, the motor power switch, and a
master power switch, which controls the
battery and line supplies to the entire
assembly.

In Figure 2, a view of the apparatus
behind the control panel is shown. The
motor, clutch-idler, belt, and the shaft
of the frequency-sweeping capacitor are
readily identified. On the shaft, from
left to right, are (1) the potentiometer,
for producing the synchronized hori
zontal d-c sweep voltage, (2) the blank
ing contactor which short-circuits the
d-c vertical deflecting voltage during
120° of the rotation, and (3) the sweep
ing-frequency-capacitor moving plate,
which gives a quite linear change in fre
quency for 240° of the rotation. The
motor gear reduction and the applied
voltage give sweep rates adjustable from
about one per second to about one in
twenty-five seconds. If too rapid a sweep

700 A
OSCILLATOR
'00-5000 lie
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upper left, with the spot moving to the
right. As the blanking contact is closed,
there is no vertical deflection. When the
blanking contact opens, the spot drops
downward along a vertical line, the dis
tance depending on the shunt capaci
tance of quartz crystal and holder and
on the frequency. Then as the pot
moves to the right, in synchronism with
the change in frequency, the response of
the quartz crystal is traced. At the right
edge of the figure the spot jumps up to
the zero line when the blanking contact
closes and finally returns along the zero
line, F, to the initial position.

The response of a normal quartz crys
tal consists of a smooth curve from
region A to a minimum, at series reso
nance, at B, followed by a smooth rise
to a maximum at parallel resonance, at
E, followed by a Emooth drop.

In Figure 4, a small spuriou re ponse
i indicated at A, and a larger one at
D. Both of these move toward the left
(toward lower frequencies), with respect
to the principal resonance B, as the
temperature is increased. The response
at D increases rapidly in magnitude,
with rising temperature and at some
temperature D reaches the same level
as B. The quartz crystal then has two
response frequencies where the series
impedances are low and equal. Any
slight change in temperature then causes
one response to be larger than the other.
Under these conditions the frequency of
an oscillator in which the quartz crystal
is used will jump from one value to
another. At E parallel resonance occurs
between the quartz plate (acting as an
effective inductance) and the total shunt
capacitance. The impedance is high as
evidenced by the spot returning to the
zero line.

Suitable edge grinding causes the re
sponse A and D to move to the right
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(toward higher frequencies). To produce
a satisfactory quartz crystal, the grind
ing must be continued until response A
has been carried clear through the oper
ating region to a frequency well above
the region shown in the photograph.
All this is very straightforward, but the
practical difficulties sometimes pile up
when such edge grinding brings in addi
tional responses, from the lower fre
quency side of the picture, which must,
in turn, be moved out at the high fre
quency side - which brings in more low
frequency responses, which must, in
turn, ... etc.

Only one difficulty has been experi
enced in setting up and operating this
equipment, and that is frequency modu
lation of the oscillator output produced
by mechanical vibration. Possible causes
lie in the power supply of the instru
ment, where transformer vibration me
chanically modulates some part of the
two oscillator circuitf\, and in vibration
transmitted from the motor or Variac
to the sweep frequency capacitor, con
necting wires, or to the oEcillators of
the ource. The amount of such fre
quency modulation is minute, but, on a
very "'teep portion of a quartz crystal
response curve, it i readily ob erved as
a lengthening of the pot. Thi difficulty
is greatly reduced by use of sponge
rubber mounting'S.

-J. K. CLAPP

The crystal mode indicator described in the
foregoing article is not manufactured for sale by
the General Radio Company. The oscillator,
oscilloscope, Variac, and motor are standard
commercial products, as are many of the other
parts. The complete assembly can be built in a
well-equipped model shop, and crystal manu
facturers will find it a valuable production tool.

-EDITOR
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THE VERSATILE VOLTAGE-DIVIDER
PART I

A wire-wound potentiometer, or more
accurately a voltage-divider, is super
ficially a very simple device. It consists
of nothing more than a little resistance
wire, wound around a supporting man
drel, with some sort of traveling brush
arrangement to adjust the position at
which contact is made to the wire. But
the simple appearances are deceptive.
This gadget is really insidious in its po
tential complexity. The circuit designer
optimistically sees in it a panacea for all
his troubles. He wants a potentiometer
that will meet myriad requirements,
many of which turn out to be mutually
contradictory. He may want small size,
high operating temperature, extreme

linearity, very high re istance value, and
a closely held curved relationship be
tween resistance and rotation, which is
often a curve having very steep portions.

When one of these "impossible" speci
fications comes to a potentiometer de-
igner, he has to make up his mind

whether to regard it as a challenge, or
just to let the little men in the white
coats come and get him. What he really
does is to determine, with the circuit
engineer, the best compromise between
what is wanted and what can economi
cally be done, probably dreaming up
some new method or dodge under the
pressure of the compromise to approach
more closely the ideal desired.

Figure 1. A group of General Radio potentiometers showing the various sizes available.
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Potentiometers were among General
Radio's earliest products. In producing
them, the policy has been to aim for the
quality rather than the quantity market,
supplying highly critical users with a
product for applications where the qual
ity of materials and workmanship should
be high with correspondingly long life,
or where rigorous electrical specifications
are to be met. Potentiometers, which
can, of course, be used as rheostats by a
change in connections, are stocked in
standard resistance values which are
decimal multiples of 1, 2, and 5. For
specialized applications, units can be
built to order, when the quantity desired
is large enough to permit economical
design and manufacture.

FEATURES
These potentiometers currently offer

a number of features to provide flexi
bility of choice for the circuit designer,
although combinations not listed in our
current catalog are available only on
Rpecial order:

1. Sizes. Molded bases are available
having drum diameters, around which
the flat-wound resi tance trips are bent
for attachment, between 1%" and 5".

Figure 2. A 5-inch-barrel potentiometer with
justifying mechanism. This resistor is used in the

Type 650-A Impedance Bridge.
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The larger sizes are used where more
resistance or more power-handling capac
ity is needed. Sometimes, as will appear
later in this article, one of the larger
sizes is also needed where a steep re
sistance-rotation curve is to be met.

2. Mandrel Widths. Different widths
of mandrel, that is, depth behind panel,
are available. In particular, the 2~"

barrel-diameter bases are available with
four mandrel width . The reasons for
changing widths are similar to those for
changing- sizes of base, with the addi
tional reason that the width required is
dependent on whether the takeoff brush
is a single one riding on a narrow flat
edge, or a multifingered one traversing
part of the inside cylindrical surface.

3. Shafts. %" a.D. shafts are regu
larly available in centerless-ground stain
less steel, paper-base phenolic tubing, or
steel-cored phenolic. For special pur
poses, of course, shafts of other materials
could easily be used such as brass,
aluminum alloy, solid phenolic rod, etc.
~" a.D. shafts are generally available
only in centerles -ground stainless steel.

4. Resistance Alloys. There are many
resistance alloys available having con
trolled composition and resistivity. These
vary in resistivity from 10.6 ohms per
circular-mil-foot for copper, up to 800
ohms per circular-roil-foot for Evanohm
or 331 Alloy. In general, as the resistiv
ity of the alloy increases, the hardness,
wear-resistance, and tensile strength
increase, and the temperature coefficient
of resistivity decreases. The higher
resistivity alloys are employed where
high total resistance is desired without
using too fine a wire. The low-resistivity
alloys are used where it is important
that the resistance per turn be low, or,
in other words, that there be fine adjust
ment of the potentiometer because the
total numbel' of turns i large.
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5. Justifying Mechanism. The largest,
or TYPE 433, potentiometer, having a
5" diameter barrel, can be provided with
an adjustable justifying mechanism (see
Figure 2). This mechanism provides
a means by which the contact arm can
be made to travel at a different rate from
the driving shaft. This enables the user
to make the potentiometer track more
closely a predetermined (perhaps etched)
scale than it would as it comes from
normal manufacture. The justifying
mechanism consists of a flexible cam,
the shape of which can be altered by
screwdriver adjustments (see illustra
tion).

6. Range. By changing the many
parameters that will effect the total,
resistance values from 1 ohm (or even
below) to 1 megohm can be obtained.

These parameters include:
a. Wire size.
b. Use of ribbon instead of round

wire.
c. Spacing of wires.
d. Wire alloy.
e. Size of molded base.
f. Shape of winding mandrel.

7. Accuracy. For catalog models, the
accuracy specification is ±5%. By using
a continuously variable speed changer
to drive the carriage feed on the winding
lathes, and by continuous monitoring
of the results, it is possible to maintain
an accuracy of ± 1% in total resistance.
However, for some extreme mandrel
shapes, which are discussed later, not
even the catalog accuracy of ±5% can
be guaranteed.

8. Linearity. If linearity of voltage
division is an important property, this
can be improved by close attention to
dimensions of parts and by keeping the
winding lathe free of looseness, or lash.

9. Materials and Dimensions. A num
ber of the details of these voltage-dividers
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Figure 3. Close-up view of on Ayrton-Perry
non-inductive winding on a tapered form.

have been given particular attention in
order to secure superior performance.

Shafts are all centerless ground to con
trol diameter closely, are made of stain
less steel if of metal, or of a special grade
of wrapped molded phenolic paper-base
tubing having surface hardness con
trolled to resist damage from the points
of set screws. The shafts run in journals
of brass molded into the bases, which
practice allows the shaft hole to be
cylindrical and to be controlled for
diameter better than a hole molded into
the base. Shortly, when equipment now
under construction i available, these
shaft holes will be bored, rather than
reamed, for still better control of size
and direction (±O.0005") on the diam
eter.

The mandrels on which the resist
ance wire is wound are made from a
special grade of linen-base (rather than
paper-base) phenolic sheet, in order to
guarantee better flexibility for forming
the mandrel around the molded base
without cracking. Where bend radius is
mall, or where the mandrel has a nar

row portion, a more expensive, nylon
fabric-base phenolic sheet is used, which
has much better flexibility and tensile
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strength. A woodworking molder has
been adapted to machine-finish the edges
of these mandrels, assuring traightness
and parallelism of the two long sides and
a controlled smooth contour thereof, ap
proximately emicircular.

These controls of width and edge
contour are important if extreme line
arity of voltage division is to be ob
tained (when a very linear voltage-di
vider i needed) or a particular curve is
to be tracked accurately. It is also neces
sary to add another operation for turning
the outside barrel of the molded base
concentric with the shaft bushing, in or
der to remove eccentricity and molding
taper, and to control the barrel diameter.

If accurate tracking of a resistance
rotation curve other than a straight line
is to be attained, it is necessary also to
control closely the thickness and the
width of the mandrel (actually what
needs to be controlled is the sum of
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thickness and width, which determines
the length of wire per turn at a given
rotation). If a number of voltage-divid
ers are to be gang mounted, it is some
times necessary that the base of the
molding be machined to be normal to
the axis, in order to minimize the inevi
table difficulties in such a structure in
getting the haft to run smoothly and
easily.

10. Non-Inductive Winding. Where it
i important to minimize inductance of
the unit, the Ayrton-Perry method of
winding can be employed (see Figure 3).

- P. K. McELROY

(To be continued)

This is Part I of a three-part article by Mr.
McElroy on the design, performance, and ap
plication of wire-wound potentiometers. The
other two parts will be published in early issues
of the Experimenter and will cover such sub
jects as design tricks, limitations, economics,
and examples of use.

Price

COAXIAL CONNECTORS FOR RG-S/U CABLE
We have received a number of in- are identical with the standard coo

quiries about TYPE 874 Coaxial Con- nectors for General Radio TYPE 874-A7
nector to fit the widely used Army- Cable previously announced,* except

avy Type RG-8/U concentric cable, that the tran ition pieces, which connect
and we are glad to announce that these to the cable, are designed specifically to
are now available, as listed below. They fit RG-8/U cable.

Type Net Weight Code Word

874-C8 I Cable Connector ...•.•.......... [ 174: oz. I COAXCORDER
874-P8 Panel Connector................ 274: oz. COAXPUTTER
874-PC8 Panel Connector with Cop. . ••••. 274: oz. COAXTOPPER

This connector is licensed under U. S. Patent No. 2,125, 816.

$2.00
2.25
2.75

*w. R Thur ton. "A Radically Tew Coaxial Connector for the Lahoratory,"General Radio Experimenter, October, 1948
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A NEW BRIDGE FOR

IMPEDANCE MEASUREMENTS

AT FREQUENCIES BETWEEN

50 KILOCYCLES AND 5 MEGACYCLES
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Figure 1. Panel view of
the Type 916-Al Radio

Frequency Bridge.

In recent years there has been a steadily
increa ing amount of activity in the fre
quency range from 50 kc to the lower end
of the standard broadcast band. In par
ticular the widespread use of frequencies
in this band for various short- and long
range navigation systems for both ships
and aircraft has led to a demand for im
pedance measuring devices to allow simple,
accurate measurements to be made of an-
tennas, circuit component, and various

network. The TYPE 916-A R-F Bridge has proven to be a very u eful
instrument for. making this type of measurement in the broadcast band
and up to about 60 Me, but it is not very ati factory for u e at fre
quencies below about 400 kc. In order to cover tI1is range sati factorily,
a modification of
the TYPE 916-A
R-F Bridge has
been developed
which is called the
TYPE 916-AL R-F
Bridge. This new
bridge has a nOnll
nal frequency
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range of 50 kc to 5 Mc, but it can be
used at frequencies as low as 15 kc with
some sacrifice in accuracy and sensi
tivity. Besides being useful at lower fre
quencies, it also has several advantages
over the TYPE 916-A Bridge in the broad
cast band, the most important of which
is an increased sensitivity.

The basic circuit and method of opera
tion of the new bridge are similar to
those of the TYPE 916-A R-F Bridge1,2.
A modified Schering bridge circuit is
used in which the resistive and reactive
components of the unknown impedance
are measured in terms of incremental
capacitances. The resistance of the un
known is indicated on a dial calibrated
from 0 to 1000 ohms, and the reactance
of the unknown is indicated on a main
reactance dial calibrated from 0 to
11,000 ohms at 100 kc and an incremen
tal reactance dial calibrated from 0 to
100 ohms at 100 kc. The resistance
range is independent of frequency, and
the reactance range is inversely propor
tional to frequency.

1 Sinolair, D. B., "A New R-F Bridge for Use at Fre
Quencies up to 60 Me, It General Radio Experimenter,
Vol. XVII, No.3, August, 1942.

• Sinolair, D. B., "A Radio-Frequenoy Bridge for Im
pedanoe Measurements from 400 Kilocycles to 60
Megacycles," Proceedings of the I.R.E., Vol. 28, No. 11,
pp. 497-503, November, 1940.

Figure 2, Basic circuit of the Type 916-A and Type
916·AL R-F Bridges.

DET.

2

Bridge Circuit

The basic bridge circwt is shown in
Figure 2 and is the same as that of the
TYPE 916-A. A complete analysis of this
circuit has been published in previous
articles/,2 and it will suffice to indicate
here only the basic balance equations.

The relationships between the various
bridge parameters necessary to obtain
an initial balance with the unknown
terminals short-circuited are given by
the expressions:

RB
Rp = - CAl (1)

CN
CNCPl = -RA (2)
RB

Mter the final balance has been made
with the circuit under test connected to
the unknown terminals, the expressions
for the unknown impedance in terms of
the bridge parameters are:

RB
Rx = CN (CA2 - CAl) (3)

Xx = ~ (C~2 - ;p) (4)

As can be seen from Equations (3) and
(4) the unknown resistance, R x , is pro
portional to the change in capacitance
of CA , and the unknown reactance, Xx,
is equal to the change in reactance of

Figure 3. Complete circuit diagram of the Type 916·
AL R-F Bridge.

OET.
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Operation

The operating techniques for the TYPE
916-A and 916-AL Bridges are very
similar. The main differences are that
on the TYPE 916-AL Bridge coarse and
fine initial reactance-balance controls
are provided and that the measured re
actance is the algebraic um of the dif-

oPEN*CIRCUIT SENSITIVITY Of 916AL BRIDGE

Resistor of the required size, and so a
unifilar construction on a mica card i
used, similar to those used in the TYPE
510 Decade Resistors. At these lower
frequencies the performance of this type
of resi tor is entirely satisfactory. A very
small adju table capacitance connected
in parallel with the resistor compensate
for small differences in the reactance of
different resistors re ulting from varia
tions in the number of turns of wire.

As can be seen from Figure 4, the cir
cuit changes just mentioned make the
open-circuit sensitivity, that is, with an
infinite impedance detector, consider
ably greater than that of the TYPE 916-A
Bridge. The input impedance to the
generator terminals also is higher, which
increases the sensitivity obtained when
a high impedance generator is used to
drive the bridge, and the detector termi
nal output impedance is lower, which
al 0 tends to increase the actual signal
input to the detector.

Figure 4. Sensitivity vs. frequency for the Type 916-A
and Type 916-AL Bridges. Both the PI and the P1S1
Transformers are supplied with the Type 916-AL. The
PI Transformer is used at low frequencies with the

Type 916-A.

Cp and has the opposite sign. This is
the series-substitution method of meas
uring reactance. As a result of these
relationships, the CA dial can be cali
brated directly in resistive ohms with
the calibration independent of frequency
and the Cp dial can be calibrated in re
active ohms at one frequency, with the
calibration inversely proportional to fre
quency.

The new low-frequency bridge differs
slightly from the higher frequency model
in the method of setting the initial re.act
ance balance, and in the type of stand
ard resistor used. The capacitor C~, used
only for the initial reactance in the older
bridge, is calibrated in incremental re
actance in the new bridge, and has a
range of 0 to 100 ohms, with one ohm
as the smalle t divi ion. The initial
balance is made ,,,ith an Ayrton-Perry,
wire-wound rheostat, R~, for the coarse
adjustment, ,vith the incremental react
ance dial furnishing the fine adjust
ment. 'The incremental reactance cali
bration greatly increases the accuracy
of measurement of small reactances.

The standard resi tor, RA , in the low
frequency bridge is 2250 ohms as com
pared to 330 ohms in the high-frequency
model. To increase bridge sensitivity,
the reactance of the a-d-c arms, shown
in Figure 3, have been lowered, and so
CNand Cp are larger than in the high
frequency model. Hence, for a re i tance
range of 1000 ohms, RB must be made

larger to get the same value of ~; which

is the multiplying factor for the resist
ance capacitor in Equation (3). It is
difficult to manufacture a TYPE 663

fREQUENCY IN I<ILOC'ICLES



• GENERAL RADIO EXPERIMENTER

ferences between the final and initial
settings of both the main and incre
mental reactance dials. The incremental
reactance dial is mainly useful when the
measured reactance is small; however,
it also has been found to be very helpful
when a series of measurements are to be
made at the same frequency, as the
main reactance dial can be initially set
up scale at 1000 or so and a wide range
of reactances of both positive and nega
tive signs measured accurately without
changing the initial balance.

As in the TYPE 916-A Bridge, the
dielectric loss in the main reactance
capacitor causes an error in the meas
ured resistance of a circuit having a
large reactive component of impedance.
In most cases the error is negligible, as
it amounts to about 0.03% of the meas
ured reactance for large reactances and
is somewhat less for smaller reactances.
A chart is provided to correct for these
errors when they are of importance.

Accuracy

The TYPE 916-AL R-F Bridge is par
ticularly well suited to the accurate

4

measurement of relatively low-imped
ance circuits over the frequency range
from 50 kc to 5 Mc. The accuracy for
resistance measurements is -+- (1% +
O.H~), after correcting for the dielectric
loss in the reactance capacitor at low
frequencies. The accuracy of the reac
tance measurement at the higher fre
quencies is appreciably affected by
residual parameters in the bridge circuit,
that is, stray capacitances and induct
ances, particularly when the resistive
component of the measured impedance

.is large. In fact, these residual param
eters largely determine the upper fre
quency limit of the bridge. For fre
quencies up to 3 Mc, the accuracy is

100
± (2% + 0.2 X -I 11 +

kc
3.51ko2R X 10-1°11)

where R is the measured resistance and
1ko is the frequency in kilocycles. The
errors in reactance when circuits having
large resistive components of impedance
are measured increase rapidly at fre
quencies above 3 Mc, and at 5 Mc the
accuracy is ±(2% + O.OW + 2.3R1.4
X 10-311).

COMPARISON OF THE TYPES 916-A AND 916-AL BRIDGES
FOR OPERATION IN THE BROADCAST BAND

The TYPE 916-AL Bridge has some of the sensitivity and the attenuation
advantages over the TYPE 916-A for of the bridge between the circuit under
many types of measurements, even in test and the detector. In the normal
the broadcast band. They are: connection of the generator and detector

1. The sensitivity is higher. Increased the TYPE 91f}.AL Bridge is much supe
sensitivity is, of course, helpful if the rior to the TYPE 916-A in this respect;
generator output or detector sensitivity however, a great improvement in the
is low, and in some cases it reduces the attenuation of undesired signals can be
effect of leakage. In antenna measure- made in some cases with the TYPE 916
ments the relative effect of extraneous A Bridge by interchanging the genera
signals and noise picked up by the an· tor and detector connections.3 When
tenna under test, which tend to obscure this is done, in many cases the product
the null, on the accuracy of setting to •Soderman. R. A., "Sensitivity of the TYPE 916-A R-F
the null is proportional to the product Bridge," Gemral Radw Experimenter, Vol. XXII, No.8,

pp. 3, 4, January, 1948.
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FREOUENCY IN KILOCYCLES

Figure 5. Measured input impedance of a coaxial
transmission line feeding a 3-element antenna array.
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of sensitivity and attenuation may not
be greatly different for the two bridges.

2. Small reactances can be measured
accurately and conveniently and often
much time can be saved by eliminating
the need for frequent changes of the
initial balance to obtain high accuracy
when a series of measurements are made
at one frequency. Even in applications
in which the increased accuracy of the
reactance measurement is unnecessary,
the incremental reactance dial may be
helpful as the expanded scale makes it
much easier to read than the reactance
dial on the TYPE 916-A.

The TYPE 916-AL Bridge has at least
one disadvantage compared to the TYPE
916-A, which is that the maximum direct
reading reactance range is smaller. At
1 Mc, the reactance range on the TYPE
916-AL is ± 1100 ohms, while it is
± 5000 ohms on the TYPE 916-A. How
ever, the reactance range of the TYPE
916-AL is satisfactory for most measure-

Figure 6. Measured and calculated input impedonce of 0 constant-K-type filter.
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ments made on broadcast antennas and
matching and phasing networks, and, if
necessary, circuits having larger react
ances can be measured indirectly by
connecting a shunt capacitance across
the unknown terminals of the bridge.

Typical Measurements

Some of the applications of the bridge
are the measurement of resistors, capaci
tors, inductors, conventional and trans
mission line networks, and antennas.
Following are two examples of typical
measurements:

Figure 5 shows the results of a series
of measurements made on the trans
mitter end of a coaxial line feeding a

6

three-element antenna array with its
associated matching and phasing net
works. The probable accuracy of the
generator frequency is about ± 1 kc,
which explains some of the spread in the
points from a smooth curve due to in
accuracies in the measurement of fre
quency.

The results of a series of measurements
of the input impedance of a constant-K
type, low-pass, 7r-type filter over the
frequency range from 16 kc to 300 kc are
indicated by the circles in Figure 6. The
solid lines drawn on the graph are the
theoretical values of the resistance and
reactance calculated from the circuit
constants.

SPECIFICATIONS

Frequency Range: 50 kc to 5 Me.

Reactance Range: 11,000 fl at 100 kc. This range
varies inver ely as the frequency, and at other
frequencies the dial readings must be divided
by the frequency in hundreds of kilocycles. To
facilitate the measurement of small reactances,
the in trument is provided with an incremental
reactance dial which has a range of 100 ohms
at 100 kc.

Resistance Range: 0 to 1000 fl.

Accuracy: For reactance at frequencies up to
100

3 Mc, ±(2% + 0.2 X -fn + 3.5/ke2R X
ke

1O-10 fl) where R is the measured resistance in
ohms and ike is the frequency in kilocycles. The
errors in reactance increase relatively rapidly at
frequencies above 3 Mc; and at 5 Mc the accu
racy is ±(2% + 0.01 n + 2.3 Rl.4 X 10-3 fl).
For resistance, at frequencies up to 5 Mc,
±(1 % + 0.1 fl), subject to correction for
residual parameters at low frequencies. The
correction depends upon the frequency and
upon the magnitude of the unknown reactance

component. A plot of this correction is given in
the instruction book supplied with the bridge.

Accessories Supplied: Two input transformers,
one covering the range from 50 to 400 kc, the
other from 400 kc to 5 Mc; two leads of different
lengths (for connecting the unknown imped
ance); two TYPE 774 coaxial cables for connect
ing generator and detector.

Accessories Required: A radio-frequency genera
tor and a detector are required. The TYPE
100l-A and the TYPE 805-C Signal Generators
are satisfactory generators, as are the older
TYPE 605-B and the TYPE 684-A Modulated
Oscillator. A well-shielded radio receiver cover
ing the desired frequency range is recommended
as the detector.

Mounting: Airplane-luggage type case with
carrying handles. Both input transformers are
mounted inside the case. Coaxial cables, leads,
and instruction book are stored in the cover of
the instrument when not in use.

Dimensions: 17 X 13Y2 X llYs inches overall.

Net Weight: 34;li pounds.

Type

916-AL I Radio-Frequency Bridge* .
• U.S. Patent 2,376,394.

Code Word

CLUCK

Price

$450.00
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THE MICROFLASH LOOKS AT

SHOTGUN COMPENSATORS

Game bird hunters and skeet shooters
among our readers \\ill be interested in
the article entitled "Shotgun Compen a
tors," which appeared in the October,
1948, number of The American Rifleman.
Detailing the re ult of an investigation
by ational Rifle As ociation's Edwards
Brown and Ma sachusetts Institute of
Technology's Harold E. Edgerton, this
article compares the performance of
eight well-known types of chokes and
compensators under a standardized set
of conditions.

figure 1.

figure 2.

Photographs of the shot patterns,
taken at one-millionth of a second with
the General Radio Microflash, at the
muzzle and at distances of 10 inches and
10 feet from the muzzle are shown, as is
the percentage of total shot contained
in a 20-inch circle at 20 yards. Measure
ment of percentage reduction in recoil
were also made by means of a ballistic
pendulum.

The set-up u ed for photography is
shown in Figure 1, and Figure 2 is a
typical shot-pattern photograph at 10
feet from the muzzle.

Price

GEIGER-MUELLER COUNTER TUBES
For Use with Type 1500-A Counting-Rate Meter

Two counter tubes, as listed below, in:tended for detecting low-energy par
are now available for use with the ticles such as Beta radiation from
General Radio Counting-Rate Meter. Carbon 14 and Sulphur 35. In general,
They differ mainly in the thickness of it should be used wherever the particles
the mica window. TYPE 1500-P4 has a to be counted have energies below about
thick window (3 to 4 milligrams per 0.3 mev. For higher energies, the thick
square centimeter), while TYPE 1500-P5 window tube, TYPE 1500-P4, should be
has a window density of less than 2 used.
milligrams per square centimeter. The These tubes supersede TYPES 1500-P2
thin-window tube, TYPE 150o-P5, is and 1500-P3 previously listed.

Type Window Code Word

1500·P4 JMica - 3 to 4 mg. per sq. em. . . . . . . I WORRYLOBBY
1500-P5 Mica -less than 2 mg. per sq. em.. . . .. WORRYLOCAL

• For export, d 10% to theee prices.
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BACK AT THE OLD STAND

8

Frederick Ireland General Radia at Los Angeles.

General Radio's Los Angeles office,
after two and a half years at a different
address, is now back at its original
location, 1000 North Seward Street.
Under the capable direction of Frederick
Ireland, of the factory engineering staff,
this office is equipped to supply to
West Coast customers any desired
information on the characteristics,
price, and delivery of General Radio
products and to recommend equip-

ment to meet specific requirements.
Many orders for popular items and

parts of our manufacture can be shipped
from stock maintained at Los Angeles.
For items not stocked, this office will
forward your order to our factory and
will have information on hand regarding
the date of shipment.

Please note that the telephone number
at our Los Angeles office is HOllywood
9-6201.

MISCELLANY

PAPE RS - At the 1949 LR.E.National
Convention, "A Device for Admittance
Measurements in the 50- to 500-Mc
Range," by W. R. Thurston, Engineer;
and "The Measurement of Non-Linear
Distortion," by A. P. G. Peterson,
Engineer.

RECENT VISITORS to our plant and
laboratories include Mr. J. P. A. Lochner,
South African Council for Scientific and
Industrial Development, Pretoria, South
Africa; and Mr. J. V. FoIl, Managing
Director, Muirhead and Co., Ltd.,
Beckenham, Kent, England.

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
TEL.-WOrth 2·5831

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TH.-HOllywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820



VOLUME XXIII No. 11 APRIL, 1949
Copyright, 1949, General Radio Company, Cambridge, Mass., U. S. A.

Figure 1. View of a Type 1700-A Variac Speed Control
installed on a bench lathe.

VARIAC MOTOR SPEED CONTROLS

INTRODUCTION

The Variac would appeal' to hp, an ideal component of a motor spped
control, and much consideration has been given to the problem of
c1pveloping a system employing it which would b suitable for genpral
application. A study of the characteristic of various types of a-c mo
tor,.; operating on adj ustable voltage ha~ shown that, although serips
motors and straight repul'ion motor::> arp ..atisfactory with fan.. or \\"ith
rplatively comitallt loads, large changes of speed take place unclpr vary
ing load. A ~ummary of the work on arrangements of this kind ap
peared in tlw Experimenter for February, 1944.

The Yariac can be used also with a !'ectifi<'J' to supply adjustable
armature voltage to a d-c shunt or compound motor, the field remain
ing fully excited over the speed runge. Thi~ . y~tem can give a range of
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control of 15 to 1 or more. Use of this
arrangement, however, has been limited,
because it is considerably more compli
cated than the simple Variac control
and, as usually constructed, leaves much
to be desired in the way of regulation.

Recent development work on the Va
riac-rectifier system, however, has over
come many of the earlier limitations. As
a result, the TYPE 1700-AL and TYPE
1700-AH Variac Speed Controls are
now offered as compact single-unit con
trols having a maximum rating of H h.p.
and with regulation characteristics en
tirely adequate for a large variety of
applications. These controls, however,
are not intended to replace the more
complicated electronic controls for uses
where very close regulation of speed
with load is required.

The external appearance of the new
control is shown in Figure 1. Much of
the design work was directed to achiev
ing a compact construction which would
permit the control to be placed beside
a machine in the location of the usual
push-button station. A manual start
stop-reverse switch is built into the con
trol so that the need of a button station
and separate box for the reversing con
tactors is eliminated. Only the control
box and the motor are required for the

complete system. This arrangement not
only reduces the co t but also very much
simplifies installation. Other important
characteristics are the low ripple current
in the armature circuit and the large
overload capacity available for quick
starting and reversing.

CIRCUIT DETAILS

The circuit is shown in Figure 2. The
Variac supplies a full-wave xenon recti
fier through a step-up autotransformer.
A separate winding of a few turns on
the Variac supplies filament power for
the rectifier. The rectifier output goes
through a choke and a three-position
reversing switch to the motor armature.
In the "off" position of the switch, a
dynamic braking resistor is connected
across the armature to stop the motor
quickly. The coil of an overload breaker
interrupting the input line is connected
in the primary circuit of the autotrans
former. The breaker serves also as the
line switch.

A selenium rectifier bridge supplies
the field current. Extra taps on the
Variac permit boosting the input to the
rectifier so that 230 volts dc can be
obtained across the field from an a-c
input voltage of the same value. Other
taps can be used to reduce the fielJ ex-

Figure 2. Circuit of the speed control unit. Industrial, rather than radio, symbols have been used
for those elements that are peculiar to industrial equipment. Hence, the symbols T, T refer to the

timing clock and its associated switch, and O.L. refers to the overload breaker.
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citation and thus increase somewhat
the maximum speed. To prevent dam
aging the rectifier tube, a timing clock
delays application of plate voltage for
40 seconds after the filament is turned
on. This delay unit recycles in less than
a second and so protects the tube against
interruptions of line voltage. It will not
break the circuit on transient dips of
voltage, however, and so prevents need
less interruptions of service. The timing
clock is connected beyond the field fuse
so that armature power cannot be sup
plied unless this fuse is intact and in
place.

CONSTRUCTIONAL FEATURES

Several problems were en ountered in
making the entire control small enough
to be placed beside a machine for direct
control by thc operator. An interior
view of the control is shown in Figure 3.
The box size is only 9 x 12 x 4~ inche
o that little space is available between

the components for a.~sembly and wiring.
This difficulty was overcomr by mount
ing all components on the lid, permitting
the wiring cahle to be installed without
intcrfernce from the sides of the box.
This construction and the u e of a plug
and jack between the box and lid per
mits the box, also, to be permanently

APRIL, 1949

installed and the unit removed when de
sired for servicing without disturbing
the installation wiring. Where several
controls are in use, a spare can be kept
and can be used to replace in a few
seconds a unit needing attention.

Another design problem was to con
trol the flow of heat from the rectifier
tube, which is between 50 and 100 watts,
so that overheating of the other com
ponents is prevented. To accomplish
this, side louvers are provided and an
aluminum batHe plate is placed between
the tube and the remainder of the en
closure. The plate not only guides the
heated air stream up to the louvers but
also reflects back radiant heat from the
tube. The Variac, transformer, and choke
are mounted in close thermal contact
with the lid, the outer surface of which
provides considerable radiating area.
The effectiveness of these measures is
indicated by the fact that three hundred
watts of armature power and forty watts
of field power can be provided contin
uously by a unit of such small dimen
sions without overheating.

REGULATION CHARACTERISTICS

Probably the most important charac
teristic determining the field of appli
cation of an adjustable speed motor is

Figure 3. Interior view of the Vorioc Speed Control.
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the speed regulation or change of speed
which takes place when the load is
varied. Close speed regulation in an ad
justable speed motor is an expensive
commodity, and it is wasteful to provide
it for applications where it is not re
quired. Information on the regulation
of the TYPE 1700 Controls in comparison
with that of a thyratron control and
with the simpler controls should indicate
the general fields of usefulness of each.
Considerable saving in the cost of an
installation can be made if the character
istics of the motor and control are prop
erly matched to the regulation require
ments of the load.

The TYPE 1700 Controls provide a
quality of regulation which is very much
better than that of the simple controls
such as a Variac with an a-c commutator
motor, although not so good as is ob
tainable with the fully compensated
thyratron control. This is illustrated in
Figure 4 which shows the speed as a
function of load for different motor and
control combinations, all adjusted to
about one quarter of the maximum
speed at full load.

1"",,~----l\--tT-----I-----

% 5 LO
FRACTION OF FULL LOAO TORQUE

4

The upper curve is for a repulsion
motor with a Variac. The next curve is
for a similar arrangement using an a-c
series motor. The two are essentially
similar except that the repulsion motor
"breaks down" or suddenly loses speed
like an induction motor, but at a much
lower fraction of synchronous speed.
The series motor loses speed more or
less uniformly as the torque is increased
in the neighborhood of full load. For
both motors at this setting the speed at
one-quarter load is about four times the
full-load speed and even a slight change
in load results in a considerable change
in speed. The improvement with the
TYPE 1700 Control is shown in the third
curve. The rise in speed when the torque
is reduced to one-quarter of its full-load
value is only 210 rpm or 47 per cent in
stead of 300 per cent or more noted for
other arrangements. A curve for 5 per
cent regulation, readily achieved with
the compensated thyratron control, is
shown for comparison.

The rise in speed in rpm between full
load and no load is the same at all speed
settings for the new control. This per
formance is not necessarily obtained
with a system of this kind, because on
light loads the back emf of the motor,
which is proportional to the speed, tends
to rise to the peak value of the rectified
wave. Use of a properly designed choke
will prevent the rise of voltage above the
average value and greatly improve the
regulation. Figure 5 shows regulation
curves at various speed settings for the
TYPE 1700-AH Control and shows by
dashed lines for comparison the per
formance of a similar system without a
choke. The marked improvement is
apparent. Since the rpm rise in speed

Figure 4. Comparison of the performance of vari
ous types of control systems adjusted for one·

quarter maximum speed at full load.
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between full load and no load is the
same at all settings, the percentage
regulation is inversely proportional to
the speed setting. Thus at the rated
speed of 1750 rpm the regulation is only
16 per cent instead of the larger value
corresponding to the reduced speed set
ting used in Figure 4.

With the thyratron control the motor
must be derated about one-third. For
many applications employing the Variac
control, it is a convenience as well as an
economy not to have to use an oversize
motor to take care of the ripple current
in the armature circuit.

OOOOr--.:"-...=c-~~----_If__~----1
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STARTING CURRENT AND
OVERLOAD CAPACITY

The full-wave xenon rectifier is more
compact and less expensive than a pair
of thyratrons of equal rating, so that it
is economically feasible to provide tube
capacity in the TYPE 1700-AH Control
almost five times the full-load armature
current rating of the motor. The recti
fier tube, in addition, has a three-second
overload rating 50 per cent greater than
its continuous-duty rating. This per
mits about seven times the full-load
motor current for three seconds on
starting or reversing, and the momen
tary initial surge of current may be
even greater. The circuit breaker is of
the inverse-time-delay type and its de
lay characteristics are approximately

MOTOR LOSSES AND EFFICIENCY

In comparison with a speed control of
the thyratron type, the new control
gives considerably reduced motor losses,
because the a-c ripple in the armature
circuit is very much less. This charac
teristic is partly due to the fact that the
firing point is not delayed by grid action
and partly due to use of the choke. Use
of the diode rectifier in the new control
makes it possible to obtain good filtering
using only a small choke, while it is not
usually feasible to attempt to filter the
sharply peaked waveform of the thyra
tron rectifier circuit.

The net result is that the form factor
of the armature current of the thyratron
control at full load is about 1.55 at all
speed settings', and for the Variac Recti
fier Control varies between 1.16 at full
speed to 1.02 at one-tenth of maximum
speed. Curves of form factor as func
tions of load at various speeds are given
in Figure 6.

Since it is the low-speed los es that
usually limit the rating of an adjustable
speed motor, the result in practice is
that no derating of the motor due to
ripple is required with the new control.
, Raymond W. Moore, "Performance of D-e Motor.

Runninp; on Thyratron Rectifiera," ELECTRICAL
MANUFACTURING, Vol. 37, pp. 124-127,210, 212,
214, March, 1946.

500 '

Figure 5. Regulation curves at various speeds
for the Type 1700-AH Variac Speed Cantrol.
Dotted lines show performance of a similar system

without choke.
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matched to the overload rating of the
rectifier tube, as shown in Figure 7. With
this protection, advantage can be taken
of the short-period overload capabilities
of the tube without ri king destruction
in the event of a stall or the application
of a load of excessive inertia. The TYPE
1700-AL Control for 115-volt operation,
employing the same tube, has the same
current rating at half the voltage so
the overload and starting margin is
reduced. Even in this case 350 per cent
of full-load current, ample for ordinary
work, is available for starting, and full
protection is provided by the breaker.

The quick-£tarting feature of the con
trol is frequently of great importance
in production work. Many of the thyra
tron controls provide protection of the
tubes by automatically limiting the
starting current to 150 or 200 per cent
of the full-load current. This is some
times necessary in special cases for pro
tection of the driven load, but for
ordinary work the relatively slow start
is a definite drawback. The TYPE 1700
Controls should prove their value in
many applications where fast starting
or reversing is desirable.

APPLICATIONS

Many fields of application of adjust
able speed motors which have been
assumed to require a control of close
regulation can be erved by the TYPE
1700 Controls. This is because the choice
has hitherto been Ilmited, essentially, to
controls of either very good or very
poor regulation. It has been found, with
the new control, that even the speed
rise of 100 per cent or more which takes
place at the lower speed settings when
the load is removed is not ordinarily
objectionable. In work with small lathes
or drill presses, for example, the operator
merely turns up the control until the
desired cutting speed is obtained under
load. It is believed that work of this
kind within the torque limits of a ~

h.p. motor will generally be found suit
able for the TYPE 1700 Controls.

An application for which the new con
trol seems ideally suited is to winding
machines of various types. Here a wide
range of operating speeds is desirable
in addition to a gradual start under con
trol of the operator. Considerable pro
duction time, also, can be saved if, after
starting, the speed can be turned up to

Figure 6. Form foetor of armature current as a function
of load at various speeds.

Figure 7. Overload characteristic of rectifler tube
and delay characteristic of circuit breaker.
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the maximum which is safe for a given
set of winding conditions. Universal
winding machine are generally supplied
with adjustable speed motors of the
brush-shifting type. These have charac
teristics similar to those of a repulsion
motor operated with a Variac and, par
ticularly at the lower-speed settings, are
very sensitive to load, as shown in
Figure 4. The speed tends to creep badly
and even warm-up of the lubricating
grease can cause the speed to double. In
our own factory we have found that use
of the TYPE 1700 Control gives a marked
increase in the stability of operation of
machines of this type with a correspond
ing increase in production efficiency.

Another application which should
prove important is to processing of vari
ous kinds where the timing of an opera
tion must be adjustable over a fairly
wide range. Examples are blueprint
ing machine , photographic developing
equipment, electroplating, etc. In work
of this kind the load is nearly constant,
and the motor will hold the set speed
very closely. Slight changes of speed
will occur with line voltage variations,
but the speed changes less than in pro
portion to the voltage change. This is
because in a shunt
motor the change
in field excitation
partially compen
sates for the anna
ture voltage varia
tion.

Figure 8. Panel view of
the Type 1700-AH Va

riac Speed Control.

APRIL. 1949

The limitations of the control must
be kept in mind in order to apply it
successfully. The intermediate quality
of the regulation characteristics has al
ready been discussed. Much machine
work, including precision grinding, re
quires that speed be very closely main
tained under fairly wide variations of
load. For such applications, the control
is clearly not suitable. Another limita
tion common to many adjustable-speed
motors is that torque rather than horse
power must be kept within a limiting
value over the speed range. If an adjust
able speed motor replaces a fixed speed
motor using several pulley ratios, the
available horsepower instead of being
the same at the various fixed speeds will
be proportional to the speed. This is not
as serious as it might appear because
many types of load have a constant
torque characteristic or a torque that
decreases as the speed is reduced. The
point should be borne in mind, however,
in estimating the size of motor required
for a given application. Because of the
torque limitation, it is important to
choose the pulley or transmission ratio
so that the working speed range is near
the upper limit of the control.
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If the characteristics of the control
and motor are properly matched to the
load requirements, it is believed that a
wide field of application will be found
for the TYPE 1700 controls, and that

the advantages of adjustable speed op
eration can be extended to many fields
where the cost of other uitable systems
is prohibitive.

- \Y. N. TUTTLE

Ratings
SPECIFICATIONS

Type 1700-AL Type 1700-AH

continuous duty near full load, the armature
current requirements should be checked with a
meter.
Reversal and Dynamic Braking: A manually op
erated start-stop-reverse switch and a dynamic
braking resistor are included in the control.
Strong braking action is obtained in the stop
position.
Mounting and Wiring: Holes are provided in the
back of the box for mounting on a wall or
bracket. Mounting must be vertical and must
permit free access of air through the bottom of
the cabinet. Two holes for BX or conduit wir
ing are located in the center of the bottom of
the box.
Dimensions: Box, 9Yt6 x 12% x 4% inches;
dimensions over knobs and louvers, 9Yt6 x 12%
x 6 inches.
Net Weight: 317~ pounds; G. E. motor 30 pounds.
Tube: One TYPE EL-6C supplied with the con
trol.

1.35 a
9.6a

230, 210, 190, 156
0:2 a

Supply Frequency.
A-C Input Voltage
D-C Output Armature Voltage
D-C Output Armature Current

Continuous .
30 Seconds.

D-C Output Field Voltage .
D-C Output Field Current

Speed Range: Motor rated speed down to zero
at constant torque. Usual operating range
10:1 or 15:1.
Motor: Any d-c shunt or compound motor with
in the above ratings may be used with the
control. A motor with a cOIDIDutating pole is
preferable because improved commutation is
obtained over the speed range. We can supply
motors as listed below.

A motor of ~ h.p. rating can be operated
continuously at about 20% overload by the
TYPE 1700-AL Control and at about 25% over
load by the TYPE 1700-AH Control. A motor
of ~ h.p. rating can be used with either control
for intermittent duty or for continuous duty
when the armature current is within the limits
given in the ratings.
Overload Protection: A time-delay magnetic cir
cuit breaker protects the rectifier tube against
excessive starting current but does not protect
the other components or the motor against
sustained overloads. For applications requiring

Type

50-60 c
105-125

0-115

2.6 a
9.6 a

115, 105, 95, 78
0.4 a

50-60 c
210-250

0-230

Code Word Price

47.59
15.70

45.79

$175.00
175.00

MOTOR*

ABASE
ABOVE

MOTOR*

BC46AB30

1700-AL
1700-AH
BC46AB29

Variact Speed Control, 115-v., 50-60 c..
Variact Speed Control, 230-v., 50-60 c..
G. E. 113 h.p. Semi-enclosed, sleeve-bearing, com

pound-wound motor, 1750 rpm, 115 v. dc,
for use with TYPE 1700-AL .

G. E. 113 h.p. Semi-enclosed, sleeve-bearing, com
pound-wound motor, 1750 rpm, 230 v. dc,
for use with TYPE 1700-AH. .

EL-6C Full-wave xenon rectifier tube (Spare)
*To order speed control with motor, use compound code word, ABA8&MOTOR or ABOVEMOTOR.

tTrademark registered in U.S.A. U.S. Patent No. 2.009.013.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH0 NE: TR owbrldge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TE L.-WOrth 2·5837

LOS ANGElES 38, CAliFORNIA
1000 NORTH SEWARO STREET

TEl.-HOII,wood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICH IGAN AVENUE

TH.-WAbash 2·3820
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Figure 1. View of the Strobolume
with lamp mounted in case•
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ISS UETHISIN

A HIGH-POWER, LOW-SPEED STROBOSCOPE

.STROBOSCOPIC OPERATION at low
speeds, below, say, about 600 r.p.m., has
been hampered seriously by the lack of a
really powerful lamp, giving sufficient light
to impress a positive unage on the retina of
the eye, in spite of normal room lighting
and the comparatively long interval be
tween flashes.

At low speeds the light flashes from the
more usual stroboscopic lamps are sufficiently short to arrest the mo
tion under observation, but the other factor usually considered neces
sary for successful stroboscopy, namely, persistence of vision, is no
longer present. At speeds of 10 a second, flicker is evident, becoming
more pronounced as the flash speed is lowered. The amount of light
reaching the eye per unit of time also becomes progressively less, and
uccessful observations can often be made only in darkened surround

ings.
To a great degree, this difficulty can be overcome by increasing the

power in the flash, so that the image from the flash is much more in
tense than that from the background light. For use where lighting con
ditions are favorable, the
General Radio Com
pany has supplied special
Strobotacs with an addi
tional low- peed range,
lO-to-l down from the
standard low range.
These have been used
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Figure 3. Functional circuit diagram of the Strobolume.

tapped for tripod mounting (7i-20
thread).

The power supply consists of a trans
former and rectifier, which charge a
4-,uf capacitor to about 2000 volts, giving
an energy per flash of 8 watt-seconds.
The flash is triggered by a pulse from a
high-voltage Strobotron, which ionizes
the gas in the lamp sufficiently to initiate
the discharge of the capacitor through it.
The average rate of energy dissipation
during the discharge is several hundred
kilowatts. The elementary circuit of the
Strobolume is shown in Figure 3.

The Strobolume can be flashed from a
push button, a contactor, or a special
slow-speed Strobotac. For observations
of machinery, the TYPE 549-P2 Hand
Contactor is often used. For single
flashes, the push button, which is fur
nished as an accessory with the Strob-

FLASH
LAMP

HIGH-VOLTAGE
TRANSFORMER

AND
RECTIFIER

TO CONTACTOl

with considerable success in a number of
industries, but they have never been
catalogued, because their successful use
depends so greatly on the experience
and ingenuity of the user.

In the TYPE 1532-A Strobolume the
problem of adequate light has been
successfully solved. This new strobo
scope gives a brilliant light flash of
about lO-microsecond duration, so in
tense that, for prolonged observation,
goggles are recommended. This high
power flash overrides background illumi
nation sufficiently to make possible suc
cessful repetitive observations at speeds
as low as one per second. When adjust
able density Polaroid goggles are used,
the illumination level can be controlled,
so that background lighting is effective
ly eliminated, and the stroboscopic
image reaches the eye at a comfortable
level. The tendency of the eye to try to
follow the motion of the subject be
tween flashes is also removed by this
procedure.

As shown in Figure 1, the strobolume
is a small compact unit containing a
power supply and a lamp. The lamp is
removable from the case and connects
to the power supply by a 15-foot cable
(see Figure 4). The lamp housing is

Figure 2. Front view (left) and side view (right) of a warp knitter in operation,
as seen by the Strobolume.
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olume, is adequate. For general obser
vation and measurement work, the
TYPE 631-BS18 Strobotac provides a
flashing means that is adaptable to a
variety of applications. To connect the
Strobotac to the Strobolume, a TYPE
1532-P2 Cable must be used.

The Strobolume opens up for strobo
scopic measurement a vast field of slow
speed machinery. Looms, printing
presses, heavy grinding and crushing
equipment, and packaging machines are
a few of these. In addition to its use as a
stroboscope, it is an excellent light source
for single-flash, ultra-high-speed photog
raphy, two examples of which are shown
in Figure 2.

The range of flashing rates obtainable
with the Strobolume is shown in the
specifications below. Note that the safe

MAY, 1949

Figure 4. View showing lamp removed from case.

operating time varies with the flashing
rate. A built-in circuit breaker gives
assurance that this time will not be ex
ceeded and hence protects the instru
ment from damage.

-w. R. SAYLOR

SPECIFICATIONS

1 min. 45 sec.
30 sec.
20 sec.
15 sec.

Accessories Supplied: Power cord with ground
terminal; push button; flash control cord for
connection to contactor or push button.

Other Accessories Required: None, if lamp is to
be flashed manually by push button. For strob
oscopic work, a contactor or a special Strob
otac is needed.

Mounting: Metal case with rounded top; lamp
is removable; storage space for lamp cable is
provided in case. Tripod mounting thread
(yt-20) is provided in lamp housing.

Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles.

Power Input: 70 watts at 60 flashes per minute;
500 watts at 1200 flashes per minute.

Dimensions: 13 x 772 x 11 inches, over-all.

Net Weight: 1872 pounds. Lamp only, 2 pounds.

Type 816
Type OA5
Typ'e 1532-Pl

(GE Type FT-220)
Flashing Speed Range: Continuous, 45 flashes
per minute, maximum; intermittent, or for
short periods, up to 1200 flashes per minute.
Maximum safe operating time is as follows:

TABLE I
Flashes per A pp1"Oximate Time for

Minute Breaker to Open
60

300
600
900

1200

Duration of Flash: Approximately 10 microsec
onds.
Flashing Control: External contactor or Strobotac.
Special Strobotacs for these low speeds can be
supplied.
Tubes: 1 Rectifier

1 Strobotron
1 Flash Lamp

Type Code Word Price

1532-A I Strobolume . . . '.) TITLE
1532-Pl Replacement Lamp . TOWEL

Licensed under designs, patents. and patent applications of Edgerton, Germeshausen, and Grier.
*Including Federal tax.

$225.00
24.50*
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DESIGN TRICKS

The usual departure desired by a cir
cuit designer from a standard poten
tiometer having a rectangular mandrel
is a resistance-rotation curve which is
something other than a straight line.
What can be accomplished in meeting
the requirement depends almost entirely
on the shape of the curve. There are a
number of tricks that can be employed.
In general, the greater the curvature,
the more drastic are the tricks required
and the greater their cost. Some of the
methods of meeting curves are these:

1. Sectional Windings. The most usu
al dodge employed in the industry is
to wind the mandrel with two or more
different wires, differing from one an
other in diameter, resistivity, or both.

aturally, such a scheme does not really
meet the curve. Rather, it produces a
dog-leg instead of a curve, a succession
of straight lines, approximately chord
ally related to the desired curve. The
locations of the intersections of the
chords can be chosen to minimize the
deviations from the curve. The more
sections there are, each u ing different
wire, the more chords there are, and the
more closely the curve is approximated.
Unfortunately, the method is somewhat

costly, and there is possibility of trouble
in meeting the curve at the several joints
between sections. The joints are also a
possible danger source if they open up.

2. Tapered Mandrel (Trapezoidal).
The next easiest mandrel hape to make,
other than a rectangular one with pa.r
allel sides, is a trapezoidal or traight
tapered one. The e are very easily manu
factured by use of a long rectangular
notching punch and die. The resistance
rotation curve from such a form wound
with one size and kind of wire is part
of a parabola. The curve does not start
at the origin, since the narrow end does
not have zero width. The ratio of widths
between wide and narrow end deter
mines how nearly the small end of the
parabolic curve approaches the origin.
In general, it is possible to wind such
mandrels with any desired pacing be
tween wires without collapse of turns.
Hence, adjustment of wire spacing can
be employed as a means of making the
over-all resistance accurately the de-
ired one.

3. Double Sawtooth (2 Trapezoids).
Where it i necessary that the ratio be
tween the slopes at the two ends of the
resistance-rotation curve must be greater
than can be realized with one trapezoid
(something like 8 or 10:1), the mandrel
can be shaped to have two trapezoidal
sections (see Figure 4). The wire size
and/or resistivity must be changed
between sections to provide the
proper resistance per unit area of the
mandrel.

Figure 4. Three types of mondrels shaped to give
desired resistance variations. At the foot is a
double sawtaoth, in the center a logarithmic, and

at the top a combination of shapes.
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Figure 6. Double logorithmic mondrel for 3D-db
ronge.

4. Logarithmic Shape. Another de
sired type of resistance variation with
rotation i the logarithmic one (see
Figure 4). Such a potentiometer used
as a rheostat in a Wheatstone Bridge
will be adjustable with constant frac
tional accuracy at all parts of an at
tached dial. The mandrel is made with
one edge straight and the other edge
curved. The logarithm of the width of
the mandrel is proportional to the
rotation angle. In practice, since the
mandrel and the wire have some thick
ness, it is necessary to make allowance
for the e fact by reducing the width of
the mandrel at the narrow end, becau e
what must vary exponentially is really
the resistance per turn of the winding,
hence, the length of each turn.

5. Double Logarithmic. A single log
arithmic mandrel for a TYPE 371 Poten
tiometer, having a 2~" diameter barrel
and a 2716" mandrel width cannot be
made for more than 20 db or a 10:1
ratio between extreme turn lengths,
without making the mandrel impracti
cally fragile at the narrow end. The
same trick of using a double sawtooth,
as described in (3) can be used to get
a higher ratio. A considerable number
of double sawtooth 30-db (about 30 :1)
logarithmic potentiometers have been
made using the mandrel shown in Fig
ure 6.

Figure 5. View of double-sawtooth card being
wound. Note the arrangement of pulleys and
springs to toke up variations in tension as the

card is rotated.

MAY, 1949 •

6. Combinations. If the resistance
rotation curve is too steep at the high
end to be windable, it is sometimes still
possible to provide an acceptable ap
proximation. The mandrel might have
a curved shape for the majority, say
75 or 80%, of the rotation. Over this
area a single sort of wire would be
wound. The remaining small portion of
the mandrel would have parallel sides,
and one, two, or more section could be
wound with different wires to provide
a chorded approximation to the steep
end of the curve (see Figure 7). This
dodge can, of course, only be employed
if the closeness of tracking at the steep
end is not as critical as it is elsewhere.

Another combination mandrel shape
is shown at the top of Figure 4.

LIMITATIONS
In the listing of DESIGN TRICKS given

above for meeting pecial resistance
rotation curves, no indications have
been given of the limitations imposed
on the universal applicability of such
tricks by the materials used and the
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equipment available for manufacture.
uch limitations, however, do exist:
1. Ratio of End Widths. There is a

limit to the ratio of end widths which
eventually limits the curve shape no
matter which of the tricks mentioned
are employed to secure desired curva
ture. This ratio depends on mandrel
width and is naturally larger for wider
mandrels. It will be obvious, for instance,
that the trapezoidal shape has to be
trapezoidal; it cannot be made triangu
lar. There must be a finite width at the
narrow end to provide juncture with a
projecting end or tab to be used for
fastening to the molded base.

2. Minimum Width at Narrow End.
The narrow end width is limited by
at least two factors. In the case of
the edge-contacting potentiometers, the
limitation is the strength of the narrow
end. When being wound, the mandrel i
mounted under tension between jaws in
a lathe (see Figure ). Also, the mandrel
in assembly is bent around the base,
sometimes with a protective enveloping
strip which helps strengthen it at the
weak point. However, the width must
be great enough to prevent breakage in
either of these operations. A minimum
width of 71/' is preferred, although with
some difficulty minimum widths of %/'
or even 7&" can be handled. In determin
ing ratios of end turn lengths, the thick
ness of mandrel and diameter of wire
should be allowed for. In the case of
multifingered take-off brushes (TYPES

6

o

Figure 7. A combination mandrel, on which the
curved portion is wound with a single kind of
wire and the straight portion with several
different kinds to approximate the desired

characteristic.

314 and 471), the narrow-end width of
either single-straight-taper or double-
awtooth mandrel mu t be greater than

the width of the contacting fingeTh. It
should be the full width of the projection
of the mandrel in assembly above the
barrel portion of the molded base. This
minimum is around X6".

3. Maximum Slope at Wide End. The
width at the wide end is usually the
maximum that will be accommodated by
the molded ba e, in order that the maxi
mum winding area can be obtained. The
limitation at that wide end is the largest
slope of the curved edge of the mandrel
(see illustration, in Figure 6, of a so
called 30-db form for a TYPE 371 Volt
age Divider, each half of which is log
arithmic for 15 db when provided with
a proper series end resistor). It is prob
ably quite apparent that there will be
some slope above which successive turns
will not stay anchored to one another,
but will lide down the slope and col
lapse. The 30-db form illu trated repre
sent about that limit.

The speed of winding on steep slopes
is drastically reduced and occasionally
it is necessary to hand-wind small por
tions of such mandrels, as shown in
Figure 9.

It should here be noted that this
mandrel is windable only a a result of

Figure 8. Close-up of the double sawtooth during
winding, showing how the mandrel is clamped in

the lathe.
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Figure 10. Mandrel widths are laid aut perpen
dicular to the winding axis as shawn here by the

center line.

minimizing the slope somewhat by so
locating the mandrel when clamping it
in the winding machine that the winding
axis is at a fair angle to the straight edge.
Thi angle is determined by having the
winding axis bisect the chords of the
shaped mandrel at the extreme narrow
and wide ends as illustrated in Figure
6. This angle for the 30-db form is about
15°, and the expedient of tilting the
form when winding reduces the effective
slope at the widest portion by almost
the whole of this 15°. The maximum
slope with respect to the winding axis
is about 43°.

4. No Spacing Between Turns. The
slope of the curved side of the mandrel
at the steep end of logarithmic poten
tiometers is generally so great that adja
cent turns mu t be wound immediately
against one another in order to prevent
sliding down hill of the turns and com
plete collapse. This means that spacing
the turns at will cannot be used as a
means of making the total resistance
come out to any arbitrary desired value.
Except as the outside diameter of the
enameled wire varies slightly, the resist
ance values which can be obtained on
forms having very steep portions occur
in a series having equal geometric spac
ing. In the B & S gauge system, adjacent
wire sizes are related in diameter by the
factor of {12 (very closely) and in area

Figure 9. Hand winding, as shawn here, is often
used on steeply sloping mandrels.

MAY, 1949

by the V!2. This means that, for a
change of one wire ize, the resistance
on a mandrel will be changed by the
v'2. It is then pos ible that, under the
mo t unfavorable conditions, the re ist
ance value realized might be related to
the desired resistance value by the V2,
or might come anywhere between 84%
and 119% of desired value. If it is neces
sary to come closer than this, re ort
must be had to the que tionable expe
dients of looking for wire nominally the
same, but actually different, in diameter,
or of hoping that a wire of different size
and different resi tivity will fall nearer
to the wanted value.

A rough means of ascertaining the
maximum slope and the minimum width
of a mandrel is as follows: First, plot
on cross-section paper the curve of re
sistance vs. rotation. By matching a
straight edge to the curve at ucce sive
points, to imulate a tangent, determine
the slope of the curve at these points.
The units in which the slope is expressed
are unimportant so long as they remain
the same for all points. The large t slope
corresponds to the full width of the
mandrel (for example, 2716" for TYPE
371) and the widths corresponding to
other slopes can be determined by simple
proportion, making correction, of course,
for the mandrel thickne s.

Next, a scale drawing of the mandrel
must be prepared. The mandrel widths
should be laid out perpendicular to the
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winding axis, rather than to the straight
edge of the form, if the two are not
parallel (see Figure 10). From this draw
ing, the maximum slope can be meas
ured, while the minimum width comes
directly out of the width table.

ECONOMICS
It is probably not difficult to see that

there may be considerable difference
between what is possible technically and
what is advisable economically. Each
new mandrel shape requires a number
of separate operations, each individually
tailored to the particular requirement.

1. Design of Mandrel. The process
described just above must be gone
through, but with somewhat more ac
curacy, since the purpose this time is the
manufacture of a complying article. If
the resistance-rotation curve can be ex
pressed analytically by an equation, it
is usually simpler thus to calculate the
slopes needed to determine the mandrel
shape, by the use of the differential calcu
lus rather than graphical methods. A
logarithmic voltage divider is a case in
point.

2. Drafting. Sufficient new drawings
must be prepared to assure that a proper
article is manufactured, and that it can

8

be duplicated at some time in the future
should that be desirable.

3. Production. Tools of some sort
must be provided for shaping the man
drel. If there are only a very few similar
voltage dividers to be manufactured, the
mandrels can be prepared by hand by
the use of a nibbler, notcher, milling
machine, band saw, filing machine, or
even by hand with a hacksaw and file,
with or without a guiding steel template.
If the quantity is as great as 50 or 100,
it will probably pay to purchase one of
the inexpensive short-run punch-and
die combinations from a tool concern
specializing in making such tools. Such
a punch and die can often be obtained
for $35.00 to $75.00, after which the
punching by the tool manufacturer costs
only a few cents per piece, if ordinary
rectangular mandrels are supplied him
from which to work. Control of dimen
sions to a very few thousandths is pos
sible by this method.

Whether or not a given project is
feasible must be decided on its own
merits. The cost involved must justify
itself to the purchaser, and the amount
of engineering required must not be so
inordinate as to make it seem not worth
while to the manufacturer.

-Po K. McELROY

This is the second installment of a three-part article By Mr. McElroy. Part I appeared in
February. Part III will be published in an early issue.
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DISTORTION MEASUREMENT

IN THE BROADCASTING STATION

Figure 1. Panel view of the Type 1932-A Distortion and Noise Meter.

• THE MEA SUR EMEN T of audio fidelity, distortion, and noise in
the broadcasting station has long been con idered desirable in order to
maintain the high quality service of which modern transmitting equip
ment is capable. This measurement takes on new importance with the
requirement for proof-of-performance checks to comply with the
amendments to the Federal Communications Commission Rules and
Regulations, Sections 3.254 and 3.46, effective August 1, 1949. These
amendments call for a determination of the over-all noise and distor
tion of the complete broadcasting station at least once a year, with one
such measurement to be made during the four months immediately
preceding the date of application for renewal of license. Many stations
already make these measurements at frequent intervals as a routine
maintenance operation.

Thc measurement of over-all di tortion and noise requires the use of
an audio test 0 cillator of low inherent distortion, a distortion and noise
metcr, and a demodulator for conversion of the transmitted r-f wave
back into audio-frequency voltages. This demodulation facility is
gcncrally provided by the modulation monitor (TYPE 1931-A Ampli
tude Modulation Monitor, TYPE 1170-A F-M Monitor).

VOLUME XXIV No.1 JUNE, 1949
Copyright, 1949, General Radio Company, Cambridge, Mass., U. S. A.

_~... PEBIMENTEB



GENERAL RADIO EXPERIMENTER

RECOMMENDED EQUIPMENT
The TYPE 1301-A Low-Distortion

Oscillator i a convenient and reliable
source of audio voltage for test pur
poses, with distortion less than 0.1%
over the range from 40 to 7500 cycles,
and less than 0.15% distortion up to
15,000 cycles. The general features of
this oscillator are described on page 6.

The TYPE 1932-A Distortion and
oi e Meter provide means for the

measurement of sine-wave voltages,
distortion, and noise throughout the
audio range. The over-all pass-band of
the voltmeter circuit extends to 45,000
cycles, thus including all noise and dis
tortion products contained in this range.
In particular, the third harmonic of a
15,000-cycle test signal is included.

The continuously tunable null net
work covers the range from 50 to 15,000
cycles. The voltmeter circuit makes use
of a half-wave rectifier and is calibrated
in root-mean-square volt . The meter
receives all the urn-directional pubes
coming from the rectifier and acts as an
electro-mechanical integrator. The half
wave rectifier with un-bypassed meter
is the equivalent of a full-wave rectifier
for noise and distortion measurements,
and is somewhat more convenient to use.

2

\Yith the audio test ource connected,
combined di tortion and noise are meas
ured by (1) setting the voltmeter circuit
for full-scale deflection, (2) balancing
out the fundamental frequency of the
test oscillator, and (3) reading the value
of the residual distortion and noise. De
tails of the TYPE 1932-A Distortion and
Noise Meter are given on page 5.

A typical installation for measuring
the audio linearity, distortion, and
noise in a broadcasting station is shown
in the diagram. The modulation monitor
supplies the necessary low-distortion
demodulation device. As will be ap
parent from this diagram, a large broad
casting plant with several studios, or
more than one transmitter site, may
find it desirable to use more than one
set of distortion-checking equipment.

ACCURACY
The TYPE 1932-A Distortion and
oise Meter, together with the TYPE

1301-A Low-Distortion Oscillator,
makes a combination which will per
form the measurements required in both
f-m and a-m stations. All the required
audio check frequencies are covered for
both services. The f-m requirements for
maximum allowable distortion are the

Figure 2. Panel view of the Type 1301-A Low-Distortion Oscillator.
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most stringent. The maximum total
allowable distortion is 2.5% between
100 and 7500 cycles, no more than half
of which, or 1.25%, may be contributed
individually by (a) the transmitter, (b)
the studio-transmitter circuit, or (c) the
audio facilities. With only 0.1% distor
tion in the source (TYPE 1301-A) and
the distortion meter able to measure
distortion and noise down to below
0.1%, it is fair to assume tbat the error
in measurement of distortion cannot be
greater than the arithmetic sum of these
two quantities or 0.2%. Hence the
allowable distortion of 1.25% may be
measured easily without the necessity
for subtracting a large amount of dis
tortion contributed by the test source
and the distortion meter.

Since the TYPE 1932-A Distortion
and Noise Meter does not require a
separate simultaneous connection to the
test oscillator, it is possible to make
remote measurements. Because the dis
tortion in the test oscillator is so low,
these measurements can be made with
the assurance that the distortion ob
served is in the equipment under test
and not in the test source.

The distortion indicated by the TYPE
1932-A Distortion and Noise Meter is
proportional to the average value of the
wave that remains after the funda
mental component is suppressed. The
difference between this average value
and the root-mean-square' value of dis
tortion is small, and the distortion
percentage indicated may be considered
to be identical with the r-m-s distortion
percentage within the accuracy speci
fication of the distortion and noise
meter. The catalog specification on
accuracy is ±5% of full scale, which
allows both for this difference between
the average and r-m-s values and for
the usual accuracy limitations of the
metering system.

The percentage distortion can bc
based on the amplitude of the funda
mental alone or on the amplitude of the
total signal The total signal is used as
a reference in the TYPE 1932-ANoise and
Distortion Meter. The difference between
the two reference values is negligible
for values of distortion less than 10%,
but should be considered when higher
values of distortion are measured.
'The r-m-s distortion is identical with the quantity
designated as root-sum-square distortion by tbe FCC.

Figure 3. Diagram of a typical installation for measuring audio linearity,
distortion, and noise in a broadcasting station.
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ALTERNATIVE EQUIPMENT

ome broadcaster prefer to use the
beat-frcquency type of audio 0 cillator
for checking frequency response, and
consequently they would like to use the
same oscillator as a test somce for di 
tortion measmements. TheTYPE 1304-A

2

Beat-Frequency Oscillator is one of the
lowest distortion models commercially
available and has a satisfactorily low
value of distortion over the audio range
from 50 to 15,000 cycles when operated
with NORMAL output. Between 100 and
7500 cycles, distortion will not exceed
0.25%, with approximately 0.5% at 50
cycles. For f-m, at the required fre
quencies of 10,000 cycles and 15,000
cycles, the distortion will be less than
0.5% and 0.75% respectively on the
NORMAL output range. As is apparent
from the data above, the TYPE 1301-A
Low-Di tortion Oscillator, owing to it
lower inherent distortion, is preferable
for use as a test source in distortion
measurements.

Another a,c;pect of the problem of diR
tOl'tion measmement is related to the
type of circuit used to suppress the
fundamental of the test frequency. The
null-circuit in the TYPE 1932-A Distor
tion and oise Meter is quite sharp and
hence demands good frequency sta
bility in the test source. Although the
TYPE 1304-A Beat Frequency Oscilla
tor and the TYPE 913-0 (and most of
the older TYPE 913-A's and 913-B's)
are stable enough for satisfactory use,
some beat-frequency oscillators may
exhibit enough instability in frequency
to be difficult to use. This is especially
true at the 50-cycle test frequency,
where the excellent stability of the
TYPE 1301-A is most apparent.

For one application, the measurement
of di tortion in recording systems, the
sharpness of the null may be a consider-
2Experimenter. June. 1948.

4

ahIe handicap because of "wow" or fre
quency instability in the recording
reproducing equipment, and the TYPE
1932-A Distortion and oise Meter is
not recommended for uch use . The
light variation in frequency of the te t
ignal may result in imperfect suppres

sion of the fundamental and hence an
erroneou distortion reading. For meas
urements on recording systems, the
older TYPE 732-B Distortion and oise
Meter is recommended, together with
the TYPE 732-P1 Range-Extension Fil
ters. 3

The use of the TYPE 732-B Distor
tion and Noise Meter is possible with a
te t ource having lower frequency
stability since the fundamental is sup
pressed by a high-pass filter and not by
a sharply tuned null circuit. Hence
measurements on recording equipment,
such as disk transcription, sound-on
film, and magnetic wire or tape re
corders are easily carried out.

A number of a-m stations are already
equipped with the TYPE 732-B Distor
tion and Joise tIeter and TYPE 732-P1
Range Extension Filters, which were de-
igned before f-m broadcasting started.

These station can meet all the require
ments for proof-of-performance meas
urements in the a-m station, when an
appropriate oscillator is used as a test-
ignal source. The range of measure

ment using this equipment is limited to
7500 cycles, which is all right for a-m,
but is not sufficient for compliance with
the f-m regulations.

The equipment mentioned in this
article is designed to meet the require
ments of broadcast station use and can
be fmnished, with the exception of the
TYPE 1304-A Beat-Frequency Oscilla
tor, in panel fini hes to match the
transmitter.

- FRANK D. LEWIS

3Experimenter, December, 1947.
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TYPE 1932-A DISTORTION AND NOISE METER

Principles of Operation

The TYPE 1932-A Distortion and
Noise Meter consists essentially of a
null network continuously variable in
frequency, followed by a calibrated
vacuum-tube voltmeter, as shown in
the elementary diagram below.

When the switches are set at NOISE,
the instrument operates as a sensitive
vacuum-tube voltmeter and can be
used for noise measurements. The cali
brated attenuator has a direct-reading
dbm scale for the purpose of deter
mining the program level in 600-ohm
lines. Ratio scales, reading in db and
per cent, are also provided.

For Doise measurements, the instru
ment is set at 100% (0 db) for the
desired reference level by means of the
CAL control, and then upon removal of
this reference signal, the attenuator is
changed in known increments until a
deflection of the meter is obtained. The
ratio between the two settings, as read
directly on the attenuator and meter
scale, is the signal-to-noise ratio.

The null network attenuates the fre
quency, f, to which it is tuned, by more
than 80 db, while f /2 and all frequencies
below, and 2f and all frequencies above
up to 45,000 cycles, are passed without
attenuation. The instrument is cali
brated, in the same way as for noise
measurements, with the null network
not in circuit and with a sine-wave
signal applied to the device under
test.

When the switches are set to DIST,
the null network is introduced and
must then be adjusted for a null at the
frequency of the test source. Attenua
tion of the fundamental component by
80 db or more leaves a signal comprising
distortion products, including power
line interference, and noise within a
band of 30 to 45,000 cycles. The at
tenuator setting and meter reading now
give a direct measure of the distortion
level expressed as a percentage of the
total signal. Note that the distortion in
cludes all extraneous signals present and

Figure 4. Elementary schematic diagram of the Distortion and Noise Meter.
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not just the harmonics of the funda
mental test signal. For this reason the
apparent minimum detectable distor-

6

tion level may be limited by the residual
noise level, should the latter be per
mitted to reach a comparable level.

SPECIF ICATIONS

1-6H6
1-6X5
2---DD3/VR150

Distortion Ronge: Full-scale deflections for 0.3%,
1%, 3%, 10%, or 30% distortion.
Noise Measurement Range: 80 db below 100%
modulation, when the distortion meter is oper
ated from the TYPE 1931-A Modulation Moni
tor or the TYPE 117O-A F-M Monitor; or 80 db
below an audio-frequency signal of zero dbm
level.
Audio-Frequency Range: 50 to 15,000 cycles (fun
damental) for distortion measurements; 30 to
45,000 cycles for noise and hum measurements.
Dbm Range: From + 20 to -60 dbm. Full-scale
values of +20, + 10, 0, -10, -20, -30, and --40
dbm are provided. Reference level is one milli
watt in 600 ohms.
Input Voltage Range: Between 1.2 and 30 volts
for the 100-kilohm input, and between 0.8 and
30 volts for the 600-ohm bridging input.
Accuracy: For distortion measurements, ±5%
of full scale for each range ± residual distortion
as noted below; for noise and dbm measure
ments, ±5% of full scale.
Residual Distortion level:

100-Kilohm Input: 0.05%, maximum, below
7500 cycles;

0.10%, maximum, above 7500 cycles.
Bridging Input: 0.10%, maximum, between

50 and 70 cycles;
0.05%, maximum, between 70 and 7500

cycles.
0.10%, maximum, above 7500 cycle..

Residual Noise level: Less than -80 db.
Input Impedance: Two input impedances are
provided - 100,000 ohms unbalanced and
600-ohm bridging input (10,000 ohms) bal
anced or unbalanced.
Vacuum Tubes:

4-6J5
1-6SN7-GT
1-6K6-GT/G

Type

Accessories Supplied: Line connector cord and
cable for connecting to the TYPE 1931-A Modu
lation Monitor.

Other Accessories Required: For measuring the
distortion in oscillators and other audio-fre
quency sources, no additional equipment is re
quired. For measurements on amplifiers, lines,
and other communication networks, a low-dis
tortion oscillator is required to furnish the test
tone. TYPE 1301-A Low-Distortion Oscillator is
recommended. When the modulated output of
a radio transmitter is to be measured, a linear
detector to produce the audio envelope is neces
sary. The TYPE 1931-A Modulation Monitor
and the TYPE 1170-A F-M Monitor are recom
mended for this purpose. However, any de
tector system having minimum undistorted
output of 1.5 volts rms can be used.

Terminals: Input terminals are provided at the
rear of the instrument for direct connection to
the modulation monitor. A Western Electric
jack is provided at the panel also, as an auxiliary
input circuit. Plugging into this jack auto
matically disconnects the rear connectors.

Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles. The line input power is 65 watts.
The power supply is voltage regulated. Line
surges have no appreciable effect.

Mounting: The instrumen I, is relay rack mounted.
Walnut end frames are available to adapt the
instrument for table mounting. (See price list
below.)

Panel Finishes: Standard General Radio black
crackle. Certain standard grays which can be
processed in quantity can be supplied at a price
increase of $11.00.
Dimensions: Panel (length) 19 x (height) 7 inch
es; depth behind panel, 12 inches.
Net Weight: 37% pounds.

Code Word Price

1932-A Distortion and Noise Meter* ,
ZFRI-412·Pl End Frames .

*U.S. Patent No. 2,298.177.

TABOO
ENDFRAMDIG

$575.00
16.50 Pair

TYPE 1301-A LOW-DISTORTION OSCILLATOR

Principles of Operation

The TYPE 1301-A Low-Distortion and harmonic distortion in audio-fre
Oscillator was designed specifically for quency equipment. Its low hum level
use as a test source of exceptionally and symmetry of output waveform are
pure waveform in the measurement of of particular significance in the testing
modulation distortion in transmitters of modulation characteristics of a-m
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and f-m transmitters, especially at high
and low modulation frequencies.

Figure 1 shows the oscillator in simpli
fied form.

The oscillator is essentially an RC
type employing automatic gain control.
The oscillating amplifier is arranged to
have almost complete degeneration at
all frequencies above and below the
frequency of the null network, and con
sequently a small amount of regenera
tion will cause the circuit to oscillate at
the frequency of maximum gain. This is
the frequency of the null network, since
degeneration is essentially zero at this
frequency.

Since the circuit is highly degenera
tive at a,11 other frequencies, harmonics
of the oscillation frequency are sup
pressed. To control the oscillation
level, the amount of regeneration is
varied. This is done by the d-c bias
applied to the "Regeneration Control
Tube," a variable-,u type. The AVC

JUNE, 1949

amplifier has a fixed delay-bias applied
to it. The oscillator amplitude must
reach a critical level before this amplifier
is effective. As the amplitude tends to
increase above this point, the AVC
amplifier applies a signal voltage to the
AVC diode, whose output is connected
to the "Regeneration Control Tube" in
such a manner as to result in a reduc
tion in net gain, thus opposing the
original increase.

The power supply for the oscilla
tor employs electronic regulation which
reduces the effects of line-voltage
variations upon the oscillator fre
quency and amplitude to a negligible
value.

The oscillator is designed to have a
high degree of frequency stability in
order that it may be used effectively
with the TYPE 1932-A Distortion and
Noise Meter at low audio frequencies,
when measuring extremely low distor
tion levels of the order of 0.1%.

SPECIFICATIONS
Frequency Range: 27 fixed frequencies between 20
and 15,000 cycles.

Frequency Control: The frequency is controlled by
two push-button switches. The first provides
frequencies of 20, 25, 30, 40, 50, 60, 75, 100, and
150 cycles, while the second multiplies these
frequencies by 1, 10, and 100. The frequencies
included cover practically the entire audible
range in approximately logarithmic increments.

The TYPE 130l-P1 Range Extension Unit is
available to provide a multiplying factor of 0.1
(see price list). This range extension unit plugs
directly into jacks provided inside the oscillator.
Frequency Calibration: Each instrument is ad
justed within ±(1~%+ 0.1 cycle).
Frequency Stability: The internal voltage regu
lator eliminates frequency changes resulting
from changes in plate supply. Changes in load

Figure 5. Elementary schematic diagram of the low-Distortion Oscillator.
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Power Supply: 105 to 125 (or 210 to 230) volt,
25 to 60 cycles ac. The total power consump
tion is approximately 45 watts.

Tubes:

Terminals: Jack-top binding posts with stand
ard %-inch pacing and standard Western
Electric double output jack are provided on
the panel. A ground terminal is also provided.
A standard multipoint connector provides du
plicate output terminals on the rear of the
instrument for relay-rack installation. These
terminals are di connected when a plug is in
serted in the Western Electric-type panel jack.

Accessories Supplied: Line connector cord and
multipoint connector.

Mounting: The instrument i relay-rack mount
ed. Walnut end frame are available to adapt
the in trument for table mounting. (See price
list below.)

Panel Finishes: Standard General Radio black
crackle. Certain standard grays which can be
processed in quantity can be upplied at a price
increase of 11.00.

Dimensions: Panel (length) 19 x (height) 7 inches;
depth behind panel, 12 inches.

Net Weight: 31Yz pounds.

Code Word Price

have no effect upon the frequency. The frequen
cy drift is not greater than 0.02% per hour after
the first 10 minutes of operation.
Output Impedance: Three output circuits are pro
vided. Selection among them is obtained by
means of a push-button switch on the panel.
The output impedances are as follows:

1. 600-ohm balanced to ground.
2. 600-ohm unbalanced.
3. 5000-ohm unbalanced.

The volume control is a potentiometer in the
5000-ohm circuit. The actual output impedance
of the 5000-ohm circuit will vary between 1000
and 6000 ohms, depending upon the setting of
the volume control. Suitable resistance pads
keep the impedance of the 600-ohm output cir
cuit essentially constant, regardless of the vol
ume control setting. The 600-ohm balanced
output circuit is balanced at all frequencies
when operating into a balanced load of any
impedance.
Output Power: 18 milliwatts into 600-ohm load,
or 6.6 volts open circuit; 100 milliwatts into
5000-ohm load, or 30 volts open circuit. The
output voltage, for either impedance position,
will remain constant within ±1 db throughout
the frequency range.
Waveform Distortion:

5000-ohm output: - Not more than 0.1 % be
tween 40-7500 cycles.
Not more than 0.15% at other frequencies.
600-ahm output: - Not more than 0.1 % be
tween 40-7500 cycles.

ot more than 0.25% between 20-40 cycles.
Not more than 0.15% above 7500 cycles.

Type

I-{)Y6-G
I-{)SJ7
1-6SK7
1-6SQ7
1- E-17

1-6X5
1-684-G
1-6 L7-GT
1--QD3/VR150

1301-A I Low-Distortion Oscillator* .
1301-Pl Range Extension Unit (2 to 15 c.p.s.) 1

ZFRI-412-Pl End Frames .
*U.S. Patent No. 2,173,427.

OZONE
OVATE
ENDFRAMDIG

$395.00
70.00
15.60 Pair

CORRECTION
The price of the TYPE 1532-Pl Replacement Lamp for

Stl'obolume was incorrectly given in the May issue of the
Experimenter. The price of this item i. as follows:

Code WordType

1532-Pl / Replacement Lamp . ./ 'rOWEL

Price

$30.00

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

TEL.-HOllywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICH IGAN AVENUE

TEL.-WAbash 2·3820
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Figure 1. View of a four-dial
Type 1490-B Decode Inductor
covering a range of 0 to
11.11 h' in steps of 0.001 h.

A NEW DECADE INDUCTOR

DESIGN
CONSIDERATIONS

These inductors pos
sess, to a considerable
degree, the most de-

.DECADE RESISTANCE UNITS, as ex
emplified by the TYPE 510 01' 602 series, and
decade capacitors, such as the TYPE 380 or
219 series, have long found use as standards
in electrical measurements and as compo
nents of experimental circuits in the labora
tory. General Radio Company now offers a
companion set of high-quality decade in

ductors which cover the range from one millihenry to ten henrys, and
are intended primarily for use at audio and the lower ultrasonic fre
quencies. Each TYPE 940 Decade Inductor Unit consists of four indi
vidual inductors having nominal values 1-2-2-5, which are as~embled

with a TYPE 920-A
Switch joining them in
series to achieve the
ten. tepsofthedecade.
The TYPE 1490 Dec
ade Inductors provide
a wide range of ad
jllstment by combin
ing three or foUl' TYPE
940 Decades in a single
cabinet.
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Copyright, 1949, General Radio Company, Cambridge, Mass., U. S. A.
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sirable characteristics of a standard in
ductor. In the first place, in contrast
with variometers and solenoid windings,
it i important that such inductor be
astatic, so that voltage, are not induced
in them by stray magnetic fields and,
correspondingly, they do not create ex
ternal field when in u e. This i accom
plished by winding each individual in
ductor on a toroidal form with a uniform
distribution of it turns around the com
plete circumference of the toroid. Such a
toroidal winding will be astatic except
for the equivalent of a single turn loop
having the mean circumference of the
toroid. These individual inductors may
then be stacked in close proximity with
a negligible mutual inductance between
them.

To minimize their d-c ohms-per-henry
ratios, and thus to increase their low
frequency storage factors Q, a multiple
layer winding is required. To minimize
distributed capacitance and to raise their
natural frequency and their high-fre
quency storage factors, a banked wind
ing, rather than a succession of layers
around the toroid, is required. A pecial
toroidal winder was developed for this
purpose.

To achieve a high value of maximum
Q with a minimum of bulk, and to have
this maximum occur within the operat
ing frequency range, required a ferro
magnetic core. Since the permeability of
a ferromagnetic medium is markedly a
function of the flux existing in it, such a

2

core must be diluted with a non-mag
netic material to minimize the eddy
current 10 es within the operating fre
quency range, and should have low
hysteresis loss. Finally, for stable cali
bration, the core should have a minimum
temperature coefficient of permeability.
A stabilized molybdenum permalloy
dust core meets these requirements suc
ces fully and, for the first time, permits
a satisfactory decade inductor to be
con tructed which has the operating
characteristics described below.

CONSTRUCTION
Molybdenum Permalloy Dust Cores

The TYPE 940 Inductors are wound on
stabilized molybdenum permalloy dust
toroids, which were developed by the
Bell Telephone Laboratories for loading
coils and filter elements, and which are
described in a noteworthy paper' by
Legg and Given. Grain size i 120-mesh,
giving a mean diameter of 42 microns
and an r-m-s diameter of 50 microns.
Quoting their data, the 2-81 molybde
num permalloy (molybdenum 2, nickel
81, iron 17) how a positive temperature
coefficient of permeability of about
180/106 per degree C. To this alloy is
added a mall quantity of another perm
alloy containing 12 per cent molybde
num which, having a Curie point slightly
above room temperature, shows a large
negative coefficient at room temperature.
As indicated in Figure 3, the resultant
'Bell System Technical Journal, Vol. 19, July, 1940.

Figure 2. Front and rear views of a Type 940 Decode Inductor Unit.
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mixture gives a "stabilized" core which
has a negative coefficient of about 24/106

per degree C. (a 7.5 fold reduction) over
the range 16-32 degrees . Below 5
degrees C. and above 50 degrees C.
these stabilized cores regain the large
positive coefficient of the 2-81 alloy.
Legg and Given also show maximum
permeability occmring at about 6.5
oersteds and exceeding the initial value
by about 2%, and indicate that the
effective permeability has dropped to its
initial value when H i incre~ ed to
about 16 oersteds.

JULY, 1949 ~

is placed across the 5-unit toroid and
gives the large t minimum value of nat
ural frequency for the decade. The TYPE
1490 Assemblies are mounted in a metal
lic cabinet. 0 point in circuit is inter
nally connected to the cha i. Aterminal
post, marked G, i mounted on the
cabinet panel whicb, if de ired, may be
connected to the inductor terminal
marked LOW. This will place a minimum
of capacitance aero the highest-valued
decade in the a embly and give the
largest minimum value of natural fre
quency for the entire a sembly.

zl3ell System Teehnieal Journal, Vol. 15, January 1936,
page 44.

ELECTRICAL CHARACTERISTICS
Variation of Inductance with Applied AC

The RayleighZ equation gives the
variation of the permeability )1. of a
ferromagnetic material from its initial
value in terms of the applied magne
tizing force H:

This equation holds for diluted cores,
provided that the initial value of their
effective permeability )1.0 is ub tantially
greater than unity.

These TYPE 940 Inductors are cali
brated in term of their initial inductance
Lo corresponding to )1.0' In term of
Equation (1) and the core geometry, for
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Winding and Calibration

Since these inductors are intended pri
marily for use at audio :md somewhat
higher frequencies, an available core
type having a nominal permeability of
125 was chosen. Each core is initially
measured in an eleven-turn jig. The cor
rect number of tUl'DS for a specified in
ductance can then be predetermined
within a turn or two. A suitable adjust
ment of the toroidal winder then in mes
a full circumferential di tribution of the
winding. After winding, each inductor is
checked against a standard unit with a
compari on bridge and i adju ted, if
nece sary, within prescribed fractional
limit. The ultimate limit, obviously,
must be broadened as the inductance is
reduced. After impregnation a set of
fom inductors having values 1-2-2-5 is
mounted into a decade as embly.

Figure 3. Temperature characteristic of molyb
denum permalloy dust core (Courtesy Bell

System Technical Journall.

Electrostatic Shielding

Each of the TYPE 940 Decades is elec
trostatically hielded. As supplied, nei
ther terminal is connectcd to the chassis.
If the terminal marked LOW is grounded
to the chassis, a minimum of capacitance
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any individual L~ (absolute henrys)
carrying any r-m-s current (amperes)
the corrected value will be given by:

L = Lo(l + (3!VLo) (2)

or in terms of the r-m-s applied volts
and the frequency:

these inductors, their initial inductance
is reduced in a degree proportional to ! b

if the product I bVLo in amperes and
henrys remains less than 0.010. The
equation for this correction can be
written:

It was found that the initial values of ex
and {3 are 0.84 and 2.03. These numerical
coefficients hold constant (Rayleigh's
law) up to an H of about 300 millioer
steds, corresponding to a value 0.0010
for the product I..;y;; and an increase of
0.20 per cent above the initial induct
::mce. The variation of {3 at higher values
of I..;y;; is shown in Fig. 4. When the
correction factors in (2) and (3) are used
they must be applied individually to the
toroids actually in circuit and the re
sults added. Ordinarily it is necessary to
do this only to the larger units of a series.
Further data are given in the specifica
tions below.

Incremental Inductance

To a close approximation, when a d-c
biasing current Ibis passed through

The coefficient 'Y w.ill vary somewhat
with the simultaneous a-c excitation,
but a typical value of 1.4 can be used.
The increase of 'Y with higher biasing
levels is indicated in Fig. 4.

Frequency Correction

Any inductor possesses a certain
distributed capacitance, which resonates
it at its natural frequency and raises its
effective inductance at any lower fre
quency. These TYPE 940 Decade In
ductors have been calibrated at their
minimum or zero frequency values. If
necessary, their effective inductance at
any operating frequency may be com
puted from the equation:

L = Lo (5)
1 - w2L oCo

Appropriate values for the distributed
capacitance Co are indicated in the
specifications below.

D-C Resistance and Zero
Inductance Values

Each of the toroidal in
ductors was wound with
the minimum resistance
practicable. The 1, 2, and
5 millihenry toroids, as
wound, have about 60
ohms per henry, while
the higher values have

Figure 4. Variatian af the coef
fidenb {3 and 'Y used in Equations

2, 3, and 4..4
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three components - residual loss, by 
tel'esis 10 s, and eddy current 10 .
Winding 10 s, likewise, has three com
ponents - copper loss, dielectric loss in
the insulation of the windings and its
environs, and skin-effect loss due to eddy
currents induced in the windings. It can
be shown that these six component losses
may best be combined in terms of the
sum of the corresponding dissipation
factors:

D=Dm+Dw = (Dr+Dh+De)
+ (Dc + Dd + D.) (6)

The re idual dissipation factor Dr i
proportional to the effective permeabil
ity / of the core and is independent of
the frequency. At low induction levels
where Rayleigh's law holds and ex in
Equation (1) is constant, the hysteresis
factor Dh is independent of the fre
quency f and is proportional to H. The
eddy current factor D. is proportional
to the product / f.

The copp r-loss dissipation factor Dc
is defined as the ratio of the d-c resist
ance R' to the reactance of the inductor
and is, therefore, inversely proportional
to f and becomes the predominant com
ponent of Dw at low frequencies. The
dielectric loss factor Dd is the major
component of Dw at high frequencies,
ince it is proportional to the square of

0.0

Figure 5. Evolution of the 0 curve for one henry
toroid energized ot 100 millioersteds.

To obtain 0", curve add ordinotes of lines 0"
Ok and De.

To obtoin Ow curve odd ordinotes of lines 0"
Dd and D••

To obtain flnal 0 curve add ordinates of 0",
and Ow curves.

about 44 ohms per henry. The switch
and connector re istance of each TYPE
940 Decade is about 30 milliohms, of
which only 4 milliohms is actual contact
resistance and subject to possible varia
tion. These 30 milliohms are insignificant
in the higher decade units, but they do
appreciably reduce the low frequency Q
values of the TYPE 940-A Decade, espe
cially when this lowest decade is used
alone in the TYPE 1490 Assemblies. The
zero-setting resistance of either TYPE
1490 Assembly amounts to 30 milliohms
per decade plus 30 milliohms for the
internal wiring.

Each TYPE 940 Decade has a zero
setting inductance of 0.13 microhenrys;
the zero-setting inductance of the TYPE
1490 Assemblies is 0.31microhenrys per
decade.

Storage and Dissipation Factors - Basic
Theory
The utility of an inductor at any fre

quency and operating level is established
by its storage factor Q, or by its dissipa
tion factor D, which is the reciprocal of
Q. The following analysis is an expansion
of an earlier paper3 by two of the author's
colleagues. In an inductor having a ferro
magnetic core, the magnitudes of Q and
D are dependent upon two fundamental
types of internal loss - core or magnetic
loss, which is a function solely of the
core used, and winding loss, which de
pends solely on the winding applied to
the core. Magnetic loss, in turn, has
3McEIroy and Field, "How Good is an Iron-cored Coil?"
General Radio Experimenter, March, 1942.

FREOUENt:y - KILOCYCl£S
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Figure 6. 0 curves for the full volue of each
Type 940 Inductor taken at initial IJ. Dashed

curves correspond to use with chassis floating.

the frequency. Dd can be evaluated in
terms of the natural frequency fo and Do,
which is the value of Dd at fo. (DOl in
turn, can be considered to be independ
ent of the operating frequency.) Finally,
the dissipation factor Ds due to skin
effect is proportional to the frequency
and usually can be made insignificant by
replacing large diameter wire with litz
wire (with some increase in Dc). This
was done in the 1, 2, and 5 millihenry
toroids.

Substituting these six factors, in se
quence, into (6), we have Equation (7)
in which c, b, k1 , and ke are appropriate
constants. Note that only Dh depends
directly on the operating level and hence
vanishes at initial permeability.

D = G: + bH + kIlf)

(
R' Dof2 )

+ 27rLf + f0 2 + k2! (7)

Introducing empirical values for the
constants, Equation (7) applied to the
one henry toroid becomes:

D = (0.00060+ 0.0029H + 3.0fX 10-7
)

+CjO+ 27j2X 1O- l2 +25fX 10-9
) (8)

Figure 5 shows the graphical repre
sentation of these six D components for

6

the one henry toroid and their progres
sive summation in terms of Dm and Dw .

D" was evaluated at an arbitrary level
of 100 millioersteds' produced by a
current of 330 microamperes.

We thus see that the reduction of eddy
Clll'rents by a fine subdivision of the
ferromagnetic material, together with
its small hysteresis loss, permits the low
dissipation factors indicated in Figure 6
to be obtained in these high quality in
ductors. These Figure 6 data were ob
tained lose to initial permeability,
where D,. becomes negligible, and show
clearly the effect of displacing the Dd

line to the left as the values of induct
ance are increased.

Safe Operating Limits

On the assumption that one of these
toroidal windings can dissipate two
watts without detrimental temperature
rise, the r-m-s current values designated
as 12 in the specifications below were
obtained. Such currents, however, would
materially lower the inductance below
initial values. To avoid any possible
"magnetic memory" modification of L o'

large currents should be reduced pro
gressively, rather than by a sudden in
terruption of the circuit.

In addition, it should be borne in mind
that, if these high Q inductors are reso
nated by tuning with external series
capacitance, the voltages developed
across them may substantially exceed
that of the circuit generator. A safe
limit may be taken as 500 volts rms for
any fixed position of the inductor switch.
To prevent detrimental arcing at the
switch contacts, the voltage on any
decade unit should not exceed 150 volts
rms when the switches are manipulated.

Mr. R. F. Field collaborated in secur
ing the data quoted in this article.

- HORATIO W. LAMSON
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TYPE 940 DECADE INDUCTOR UNIT
SPECIFICATIONS

Accuracy: Each unit is adjusted so that its in
ductance at zero frequency and initial perme
ability will be the nominal value within the
accuracy tolerance given in the following table:

I~~~cs\~~ce11 mh 110 mh 1100 mhl 1 h
Accuracy ±2% ±1 % ±0.5% ±0.25%

Frequency Characteristics: See "Frequency Cor
rection," page 4. Typical values for the distrib
uted capacitance Co of the TYPE 940-A Decade
Inductor Unit are as follows:

Step 1 ~.! i. ~ ~ 2. ~ ~ !2
Co (1'1'f); Chassis

tied to Low
Terminal 90 60 50 50 50 45 40 37 35 35

Co (1'I'f); Chassis
~~~ ~~MMW~M~W~

For the TYPES 940-B, -C, and -D the above
values should be multiplied by the factors 1.1.
1.25, and 1.5 respectively.

Dissipatian Factar: Figure 4 shows the variation
of the dissipation factor D =l/Q with frequency
for the full value of each inductor. It will be
seen that maximum storage factor Q values
between 200 and 330 are obtained at frequencies
between 2 and 5 kc.

Temperature Coefficient: The temperature co
efficient of inductance is about -24 parts per
million per degree Centigrade. See Figure 3.

Maximum Voltage: The maximum r-m-s voltage
for which the units are insulated is 500 volts.
The switch will break the circuit at 500 volts if
turned rapidly to the new setting, but voltages
above 150 may cause destructive arcing if the
switch is set between detent positions.

Current Characteristics and Maximum Current Ratings:
The core permeability and the inductance value

of each toroid are raised 0.1 % by the applica
tion of 1.22 ampere turns. The corresponding
r-m-s current values II for each of the toroids
are listed below. together with the r-m-s current
values 12 corresponding to a safe heat dissipa
tion of two watts per toroid.

Inductor Toroid II (rna) for 12 (amp)0.1 % increase

940-A 1 mh 15.6 7.2
940-A 2 mh 11.0 5.2
940-A 5 mh 7.0 3.0

940-B 10 mh 4.9 2.3
940-B 20 mh 3.5 1.7
940-B 50 mh 2.2 1.0

940-C 100 mh 1.56 0.72
940-C 200 mh 1.10 0.52
940-C 500 mh 0.70 0.30

940-D 1 h 0.49 0.23
940-D 2h 0.35 0.17
940-D 5h 0.22 0.10

Currents of twice the II values will produce
0.2% increase in inductance; 5.4 II gives 0.5%
increa e in inductance; 14.6 II gives 1% in
crease in inductance; while 43.4 II gives a maxi
mWll increase (2%) in inductance. Still larger
currents will decrease the inductance progres
sively, the error being zero at about 108 II and
negative at larger values.

Terminals: Soldering lugs are provided.

Mounting: Each decade is complete with dial
plate, knob, and mounting screws.

Dimensions: (Width) 7>i x (height) 3Y2 x (depth
behind panel) 3>i inches, over-all.

Net Weight: 3 Y2 pounds.

Type

940·A
940-8
940·C
940-0

Inductance

0.01 h in 0.001 h steps.
0.1 h in 0.01 h steps.
1 h in 0.1 h steps.

10 h in 1 h steps.

Code Word

INDUCTOANT
INDUCTOBOY
INDUC'fOCAT
INDUCTODOG

Price

$62.00
56.00
62.00
70.00

TYPE 1490 DECADE INDUCTOR
SPECIFICATIONS

Frequency Characteristics: In determining the
correction factor wCoL u e the Co value corre
sponding to the largest decade unit actually in
circuit. For each larger decade unit not in circuit
add lOOl'l'f if the inductor is growlded to the
panel or add 20l'I'f if the inductor is not
grounded to the panel.

Terminals: Jack-top binding posts.

Mounting: The decades are mounted on an alu
minum panel in a metal cabinet.

Dimensions: 1490-A 12% x 7% X 5Y2 inches over
all height; 1490-B 16Y2 x 7% x 5Y2 inches over
all height.
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Net Weight: TYPE 14oo-A, 15 pounds; TYPE Other specifications are identical with those
1490-B, 19 pounds. for the TyPE 940 Decade Inductor Units.

Type

1490-A
1490-8

Inductance

1.11 h, total, in steps of 0.001 h .
11.11 h, total, in steps of 0.001 h .

MISCELLANY

Code Word

CLU~IP

COACH

Price

$220.00
285.00

RECENT VISITORS to our laboratories:

From England: Mr. R. L. Smith-Rose,
Superintendent, Radio Division, De
partment of Scientific and Industrial
Research, London; Mr. J. F. Coales,
Director, Research Laboratories, Elliot
Brothers (London) Ltd., London; and
Mr. R. G. Clark, Consulting Engineer,
Epsom, Surrey.

From Spain: Dr. A. Gurvis, Technical
Manager, and Mr. Domenech, Com
mercial Manager, both of Iberia Radio,
Barcelona; and Dr. A. A. Pascucci, Re
search Section Director, Radio I-Iispano
Suiza, Barcelona.

From France: Mr. Paul Fabricant, of
Radiophon, Paris, Distributors of Gen
eral Radio products in France and the
French Possessions.

From Denmark: Mr. O. Lund, Com
munication Laboratory, Royal Tech
nical College, Copenhagen; Mr. Viggo
Kjaer, Manager, Bri.iel and Kjaer,
Copenhagen.

From China: Mr. F. C. Chien, Chief
Engineer, Central Broadc3sting Sta
tion, Nanking.

From Italy: Professor Valentino Zerbini,
Chief of Magnetic Section, Institute
Elettrotecnico Nazionale "G. Ferraris,"
Torino.

From Canada: Professor B. de F. Bayly,
of the University of Toronto. Professor
Bayly is head of Bayly Engincering,
Ltd., Oshawa, Ontario, who handle re
pairs of General Radio instruments in
Canada.

VACATION - During the weeks of
July 25 and August 1 most of our em
ployees will be vacationing. Manufactur
ing departments will be closed, and other
departments will be manned by a skele
ton staff. Every effort will be made to
take care of urgent business, but repairs
cannot be made, exccpt in hardship
cases. Our Service Department rcqllests
that shipments of material to be repaired
be either scheduled to reach us well be
fore this vacation period or delayed until
afterward.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAM BRID GE 39 MAS SAC HUSE TT S
TELEPHONE: TRowbridge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WOrth 2·5831

LOS ANGElES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOII,wood 8·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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F-M NOISE LEVEL

Measurements of the f-m noise level are usually made by applying

Figure 1. View of the
Type 1932-Pl A-M
Detector Unit plugged
into the panel jocks
of a Type 1932-A
Distortion and Noise
Meter. Below the Dis
tortion and Noise Me
ter is a Type 1301-A
Low-Distortion Oscil-

lator.

MEASURING NOISE LEVELS

ON

FREQ U EN CY-MO DULAT ED T RA N SMITT ERS

.T H E "Standards of Good Engineering
Practice Concerning F-M Broadcast Sta
tions" impose certain minimu~ noise-level
requirements on frequency-modulated
transmitters. Both f-m and a-m noise levels
must be held below specified limits. More
over, it is now required that these tests be
made on an annual basis, at least once dur

ing the four months' period preceding the station license renewal.
In the past, the evaluation of noise level might be limited to a single

set of measurements made when the transmitter was first installed and
operated. The practicability of repeat measurements was largely a
matter of balancing the cost of a distortion and noise meter against the
desire for superior quality. New FCC requirements, however, make it
desirable to have the necessary measuring equipment available in the
station for the routine inspection of the transmitter characteristics.

VOLUME XXIV No.3 AUGUST, 1949
Copyright, 1949, General Radio Company, Cambridge, Mass., U. S. A.
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1 C. A. Cady. "Type 1170-A F-~l Monitor for Broadcast
and Television Services," Experimenter, XXII, 5, October,
1947.
2 Frank D. Lewi , "Distortion Me'18urement in the Broad
casting tation," Experimenter, XXIV, I, June. 1949.

the audio output derived from an F-M
modulation monitor to a conventional
distortion and noise meter. The TYPES
1170-A F-M Monitor' and TYPE 1932-A
Distortion and Noise Meter

2
have been

previously described for this purpose.
The F-M Monitor provides a very

linear f-m detector and de-emphasized
audio output circuit. The Distortion and

oise Meter is an audio-frequency de
vice exclusively and measures the distor
tion and noise characteristics of an audio
signal. Measurements are made' at a
reference of 400 cycles, 100 per cent
modulation.

It is important to recognize that the
reference frequency must also be given,
because of the de-emphasis circuit \vithin
the measuring equipment, which result
in a decrease in audio output at high
modulation frequencies for a constant
percentage of modulation. The over-all
transmission system from microphone
to receiver output is flat, because of the
cap.celing effects of pre-emphasis in the
transmitter and de-emphasis within the
receiver. However, when the transmitter
percentage modulation is held constant,

<Jl

d
!!!
t:
o

-17 --------- --------------------------

60db

43db

.6~O~O,-------4~Oc.-O------------:-:I50~OO

CYCLES PER SECOND

Figure 2. Effect of the de-emphasis characteris
tic on noise end distortion measurements with

constant modulation percentage.

rather than it audio input level, the de
emphasis result in less audio output at
the higher audio frequencies.

As an example, consider a typical case
in which the power line hum components
are the major source of noi e. If the
reference frequency is 400 cycles, the
results might be, say, - 60 db. Should
the measurement be referred to 15,000
cycles, the arne conditions would give
an indication of only - 43 db, a shown
in Figure 2.

It is also interesting to note that this
same effect will influence the results ob
tained in distortion measurement. Take
for example, the case of a 60 db noise
level below the stated reference of 400
cycles, 100% modulation. Most distor
tion and noise meters currently used
operate upon the principle of removing
the fundamental audio component only
and indicating the remaining compo
nents above and below the fundamental,
as distortion. Thus the 60 db noise level
at 400 cycles would produce an effective
minimum distortion reading of 0.1% on
the meter, since 60 db corresponds to a
voltage ratio of 1:0.001. Likewise, the
same system noise level would result in
a minimum distortion reading of 0.7%
at 15,000 cycles, since 43 db corresponds
to a voltage ratio of 1:0.007.

A-M NOISE LEVEL
The amplitude-modulation noise level

has largely been the concern of the
transmitter design engineer in the past,
but it is now necessary for the trans
mitter operating engineer to become fa
miliar with it measurement. The de
modulation system, shown in Figure 3,
uses a conventional linear rectifier and
r-f filter as i usual in a-m practice, but
there are two important differences
(1) there i no longer an available refer
ence modulation to calibrate the y tern,
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400C INPUT

75J1 SEC. DE-EMPHASIS NErWDRK
/~ ~A~ ~,

H.~ INPUT

~f------.----"Il1mlf'--~---f~Il'-~___<!"'O:;=;FF=------JV\/Ir-~--.-----,
4-8 VOLTS

Figure 3. Circuit of the Type 1932-A Distortion and Noise Meter.

and (2) a 75 JL-second, de-emphasis net
work is specified by the FCC in the
audio measurement device (to match the
receiver characteristic).

Since the noise modulation is inher
ently a very low modulation percentage,
certain of the problems associated with
linear detector design are removed, such
as negative peak clipping at high modu
lation frequencies. We do, however, have
to provide for an external audio calibrat
ing voltage which can be established at a
level equivalent to 100% amplitude
modulation. This is accomplished by
using the d-c output of the rectifier as a
standard of comparison. Connecting an
external audio signal to the detector and
establishing an arbitrary reference level
as noted by the rectified dc, and at the
same time setting up the noise meter to
read full scale, establishes the first ref
erence point. When the inserted audio
signal is removed and replaced by the

transmitter carrier frequency and the
r-f level is adjusted to give the same d-c
rectified current as before, the noise
meter will then read the noise level
directly. The change in rectifier effi
ciency between the audio test frequency
and the transmitter carrier frequency is
compensated for, since the average
rectifier dc is maintained constant in
each case.

An r-f filter, following the detector,
isolates r-f components from the noise
meter. The 75 JL-second de-emphasis net
work is added to give the desired re
sponse characteristics.

The r-f input circuit can be coupled
directly into a low impedance transmis
sion line, thus avoiding the limitations
of tuned circuits upon the r-f bandwidth
and the need for adjustments. Most
transmitter monitoring outputs are ade
quate to provide 4 to 8 volts for operat
ing the crystal rectifier. This voltage

Figure 4. Close-up view
of the A-M Detector
Unit. The coaxial con
nector at the right is
supplied with the unit;
the cord, plug and jack

at the left are nat.
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range is a compromise between detec
tor linearity and over-all sensitivity.

TYPE 1932-Pl A-M DETECTOR UNIT
The detector unit, arranged in a con

venient plug-in form, is shown in Figure
4. It plugs directly into jacks on the
panel of the TYPE 1932-A Distortion and
Noise Meter. Direct connection to the
r-f monitoring line is provided by means
of a coaxial jack on the right side. An
audio input jack and a convenient ampli
tude control and disconnect switch are
provided on the left side. The diode
current mlcroammeter is mounted in an
easily viewed position at the top of the
unit, together with a switch for remov-

4

ing the 75 ,u-second de-emphasis ncL
work when it is not desired. No r-f gain
control is provided because it is not
needed. It is merely necessary to accept
any reference r-f signal within the
operating range of the meter, then to
establish the audio level equal to this
value by means of the control provided,
and finally to reinsert the r-f connection
and measure the noi e level directly.

The plug-in construction is convenient
and avoids unnecessary duplication of
facilities, particularly when the distor
tion and noise meter is to be used with
several transmitters, as in stations oper
ating A-M, F-M, and TV transmitters.

-C. A. CADY

SPECIFICATIONS
R-F Input,

50-220 Me.
4 to 8 volts required, from low-impedance

line.
Type 774-G Conncctor.

Audio Input,

400 cycle.
4 to 8 volts required; internal potentiomeLcr

is provided.
Input impedance = 1000 fl.

tandard ingle-contact telcphone-jack con
nector.

Audio Output,
30 - 30,000 cycles ± 1 db; or 75 J.lSec de

emphasis characteristic.
1 to 1.5 volts, into 100 kflload.
Plugs to fit standard W. E. panel jacks, on

Type 1932-A Distortion and Noi e MeLcr
are provided.

Accessories:
1 Type 774-M Cablc Jack.

Mounting,
Black wrinkle-finish case.

Dimensions:
5~ X 6 X 2% inches, ovcrall.

Net Weight,
1% pounds.

Type

1932-Pl I A-M Detector Unit

Code Word

. I AMDET

Price

$55.00

THE VERSATILE VOLTAGE DIVIDER
PA RT III

EXAMPLES IN GENERAL
RADIO INSTRUMENTS

Many specialized voltage dividers
have been designed and manufactured
for use in various of our instruments.

1. CRL Dials for Bridges, etc. One of
the most widely used items is a TYPE
433-LC Voltage Divider (L for log
arithmic, C for compensating mechan
ism) u ed as a rheostat in several

alternating-current bridges, including
TYPES 625-A, 650-A, 740-B, 740-BG,
and 161l-A. The 20-db logarithmic fea
ture is not used as such, since there is no
extension resistor. The mandrel is used
only to spread the scale at the low end
in order to make percentage accuracy
more nearly the arne throughout the
dial.

The dials are etched to a curve which
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Figure 11. Panel view of the Type 650-A 1m·
pedance Bridge. The logarithmic rheostat con·
trolled by the large dial was shawn in Figure 2.

Part I, of this article.

represents the average of a number of
voltage dividers in production. It is a
fairly simple matter to track the voltage
divider to the scale by using a screw
driver on the adjusting screws of the
compensating mechanism. A d-c ,~ heat
stone bridge is simply set for a resist
ance value corresponding to the then
dial setting and the compensating
mechanism adjusted until the bridge
balances.

2. Wien Bridge. Two voltage dividers
very similar to that described under "1"
but having a different resistance value
and being ganged together back-to-back
are employed in our TYPE 1141-A Fre
quency Meter (Wien-bridge type) for
continuous frequency adjustment, while
the bridge capacitors are switched to
provide decade steps. For various rea
sons the compensa~ingmechanism is not
included, and so each instrument is
hand-calibrated. Techniques have been
worked out for engraving a complete set
of marks on the frequency scale distrib- 3. Twin-T R-C Networks. Our TYPES
uted according to a smooth curve but 760-A and 762-A Sound and Vibration
starting from a minimum number of Analyzers use R-C twin-T networks for
actually calibrated and marked points frequency determination. Capacitors are
on the scales. In this instrument, exten- shifted for stepping multipliers of three
ion re istors are employed, the dial and ten, while the continuous adjust

covers a range a little over ten to one ment therebetween is afforded by three
and does not go up to infinity, and the ganged voltage dividers operating as
accuracy of setting is practically uni- rheostats. One of these voltage dividers
form throughout the dial. is one-half the resistance of the other

Figure 12. Panel (left) and interior (right) views of the Type 1141·A Audia Frequency Meter.
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figure 13. Panel view (left) and portion of interior of Type 760-A Sound Analyzer. In the interior
view at the right, one unit of the faur.gang voltage divider can be seen.

6

two. Close tracking is important if the
instruments are to function properly. It
has been found that the desired close
ness of tracking is not easy to obtain if
the third or one-hali-resistance unit is
wound using a different size of wire from
the other two. Experience has shown
that it costs less in the end to make the
half-resistance unit by connecting in
parallel two full-resistance units. Ac
cordingly, four voltage dividers are
ganged and driven by a single steel
cored phenolic shaft.

The trapezoidal mandrel have a
straight taper with a ratio of about 2~
between extreme width. The curve

shape is, accordingly, a portion of a
parabola. In manufacturing these four
gang voltage dividers, the mandrel
shapes and thicknesses are closely con
trolled, the concentricity and dimensions
of the bases are assured, the winding is
carefully controlled, and each group of
four associated units is carefully selected
from among a large production quantity
for tracking uniformity.

EXAMPLES OF SPECIAL UNITS
FOR CUSTOMERS

With the factors mentioned earlier
under the heading of Eco OMICS taken
into account, there have been many

figure 14. Panel view (left) of a Western Eledric detector used in checking coils. The four-gang
rheostat controlled by the TUNING dial is shown at the right.
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special voltage dividers manufactured
for our customer . A few examples may
prove interesting:

1. Twin-T R-C Networks. In the man
ufacture of coils of many sort for use
in the nation-wide telephone system,
measuring equipment is used for which
hyper-accurate ganged rheostats are
needed. These are similar to the ones
ju t described for use in our analyzers,
but are held to closer tracking tolerances
and have some special features de
sired by the customer, such as pigtails in
parallel with the sliding center contacts,
for instance. Pigtails have not been
necessary on the ganged resistors for our
analyzers, and could not be used any
how, since as a convenience feature there
are no stops provided and the shaft can
be rotated continuously.

2. Vacuum-Tube Checker. The Hickok
Electrical Instrument Company desired
a precision rheostat which hould have
a resistance-rotation curve in which the
re istance would be proportional to the
five-thirds power of the rotation. If the
rheostat were so made, the dial would
have numbers, representing "C" bias of
the tube, evenly spaced. If the rheostats
could be made accurately like one an
other, this dial could be electrochemi
cally etched with consequent saving in
calibration time.

AUGUST, 1949 ~

Figure 15. Mandrel shape used for the "C"
bias rheostat in the tube checker of Figure 16.

To meet the five-thirds power curve,
the lengths of the turns of wire on the
rheostat should vary according to the
two-thirds power of the rotation. This,
unfortunately, would mean that the
width of a mandrel of a finite thickness
would be negative at zero rotation. Ac
cordingly, the shape had to depart from
the theoretical for about the first fifth
of the rotation. This departure was ac
counted for in the etched scale, making it
somewhat crowded near zero. Cuts of
a modified instrument and of the
special voltage divider with the shaped
mandrel are shown. Figure 15 shows the
actual mandrel shape employed, the
dotted line showing what the shape
would have been if nothing governed it
but the mathematics.

3. Air-Brake Test Set. The problem
of braking a modern high-speed pas
senger train is not a simple one. It should
be possible to apply the brakes to any
desired degree, having a servo-mechan
ism to assist in that application, and
there should be safety feature to assure
that an emergency braking ystem will
take over if the servo system fails.

Figure 16. Panel view (left) and interior (right) of the vacuum-tube checker. The "C"-bias rheostat
is near the lower right-hand corner in the interior view.
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Figure 17. Panel and interior views of the air-brake test set. The dials control identicol rheostats, one
of which can be seen at the right in the interior view, ganged with another, smaller, rheostat.

8

As part of this complete braking sys
tem, Westinghouse Air Brake Company
of Wilmerding, Pennsylvania, designed
a Wheatstone-bridge-type device which
periodically checks to see whether the
brakes on all of the cars are working.
This system has been described in the
technical literature:' 2

Each car contains a solenoid asso
ciated with the braking mechanism. In
a long train these solenoids are connected
in parallel and form one (the unknown)
arm of the bridge. The other, or vari
able, arm is the special rheostat manu
factured here. Its etched metal scale
1 C. M. Hines, "A Unique Application of the Wheatstone

Bridge to High-Speed Train Braking," A.I.E.E. Tech
nical Paper 48-53, December, 1947.

2 Fuller description of this type brake in previous paper.

Figure 18. Mandrel used for the rheostats in
the air-broke test set.

is approximately evenly divided, with
the divisions numbered to correspond
to the number of cars in the train. The
resistance must vary inversely with the
rotation, then.

It was soon discovered that the slope
at the wide end was too large and the
width at the narrow end too small to be
manufacturable. However, a suitable
compromise was reached in which the
rheostat mandrel was curved for about
80% of the rotation and parallel-sided
for the remaining 20%. On this straight
portion, two different wire sizes were
used, giving a dog-leg approximation to
a mathematical curve. Figure 18 shows
the shape of the mandrel employed. The
rheostat is shown in the interior view of
the circuit-checking equipment. The two
dials are associated with two like rheo
stats, since each equipment actually
contains two operating Wheatstone
bridges as well as a number of relays
and other circuit elements.

-Po K McELROY
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GENERAL-PURPOSE A-M

STANDARD-SIGNAL GENERATOR

eA NEW general-purpose A-M standard-signal generator is now in
production, superseding the TYPE 605, which was discontinued some
time ago. The new generator, TYPE 100l-A, embodies a number of
features of design and construction. that result in performance char
acteristics that are greatly improved over those of its predecessor.
Among the specific improvements are higher output voltage, wider
frequency range, lower leakage, and a better output system.

The TYPE 1001-A Standard-Signal Generator covers carrier-fre
quencies from five kilocycles to fifty megacycles in eight logarithmic
direct-reading ranges. It can be amplitude-modulated up to 80%

VOLUME XXIV No.4 SEPTEMBER, 1949
Copyright, 1949, General Radio Company, Cambridge, Mass., U. S. A.
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Figure 1. Panel view of the Standard-Signal Generator. Output
cable and other accessories are shown on the top of the cabinet.
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Figure 3. Interior view of the generator. The carrier
frequency compartment is in the center.

Figure 4. Rear view with cover removed from carrier
frequency compartment. The double cover is several
hundred times as effective a shield as is a single one.

Shielding

An outstanding feature of the gener
ator is its freedom from leakage and
stray fields. This has been achieved by
enclosing all carrier-frequency circuits
in a completely shielded compartment,
which eliminates induced circulating
currents and ground-return currents in
the front panel. All leads entering the
compartment are well filtered by re
sistance-capacitance networks using
through-type capacitors. The all-metal
cabinet and the compartment within it
provide a very effective double-shield
system.

hafts extending through the panel
from the carrier-frequency compart
ment, whether made of metal or of di
electric material, are a potential source
of leakage. Metal shafts act as antennas
and dielectric shafts behave as wave
guides. Grounding the shafts at the
front panel helps to reduce leakage, but
for really effective shaft shielding it is
necessary to enclo e each shaft end
that extends beyond the panel in a co
axial grounded shield. The shield around
a metal shaft must be insulated from it.
In the TYPE 1001-A Generator the
metal inserts of the knobs are used as
shields, as shown in Figure 2. They are

either at 400 cycles by the internal
source or over the 20-15,000 cycle audio
spectrum by an external source. The
open-circuit output voltage at the at
tenuator jack can be adjusted from
less than a tenth of a microvolt to
200 millivolts, with the smallest cali
brated division at 0.1 microvolt. Two
volts output is available at a second
jack. The generator can be operated
from any 115- or 230-volt power line of
40- to 50-cycle frequency. Figure 1 is a
panel view and Figure 3 is a rear view
with cabinet removed.

METAL SHAFT

METAL PAM;:L

METAL SPACER

METAL WASHER

PHEtlOLlC SLEEVE

METAL DISC--/"'"

PHENOLIC KNOB

Figure 2. Method of shielding a shaft that projects
through the panel. The metal insert of the knob, in
sulated from the shaft by a phenolic sleeve, is

grounded to the panel through a metal washer.

MET Al INSERT--



insulated from the metal shafts by
phenolic sleeves and grounded by means
of spring washers to the front panel.

The carrier-frequency compartment
is a deep box with'a fiat cover. To avoid
a multiplicity of screws for good contact,
a rather unusual, but very effective, de
sign was devised. The cover is made of
two pieces with the inner and outer
cover sections insulated from each other.
The sides of each cover section make
spring contact to the inner and outer
walls respectively of the compartment,
thus providing a shield within a shield.
The double cover is several hundred
times as effective a shield as is a single
cover, yet it is easily removed, as shown
in Figure 4, for access to all the tubes
and most of the components in the com
partment.

To facilitate testing and servicing,
the sub-panel in the carrier-frequency
compartment can be taken out rela
tively easily. All circuit components are
then completely accessible as can be
seen from Figure 5. A long connecting
cable permits operation of the equip
ment in this "dissected" condition.

Oscillator

The basic circuit arrangement of the
TYPE 100l-A Generator consists of a

SEPTEMBER, 1949 ~

Hartley-type carrier oscillator followed
by a modulated amplifier, a carrier
voltmeter, and an attenuator system.
The schematic is given in Figure 7.

The Hartley-type oscillator has some
what better high-frequency performance
than that of the tuned-plate circuit
used in the TYPE 605, and the coil
structure is simpler. It uses a newly
developed, insulated-rotor tuning ca
pacitor, which has soldered plates,
shaped for logarithmic frequency cali
bration, sturdy end plates, and ball
bearings to avoid backlash.

The eight carrier-frequency oscillator
coils are mounted on a turret-like disc,
which places the active coil, as selected,
close to the terminals of the tuning ca
pacitor and of the 6C4-type miniature
triode oscillator tube. Because coils are
mounted on both sides of the disc, the
turret is only four inches in diameter.

Considerable attention was devoted
to the design of the coil-switching
mechanism to obtain low contact
resistance which is essential for reliable
operation at high frequencies. Contact
is made between a three-tined blade
and a cylindrical surface. This con
struction ensures at least a three-point
contact. The contact springs are %-inch
long and are pre-loaded to obtain

Figure 5. Frontview of the oscillator assembly. Connections to other circuits in the generotor are made
through the jack plate shown in the center. For servicing, the jack plate, which connects through
the servicing cable shown at the right, can be detoched and plugged into the generator chassis.
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figure 6. Close-up of the coil turret and switching
mechanism. The switch blades are shown just to the
right of the oscillotor tube. Part of the tuning ca-

pacitor can be seen at the left.

pressure which is independent of minor
misalignments. Figure 6 shows the coil
turret and switch in detail.

Amplifier

The carrier oscillator is followed by a
modulated, untuned, amplifier stage
using a 6L6-type beam-power-amplifier
tube. More output could be obtained by
using a tuned amplifier, but only at a
considerable increase in cost. Similarly,
grid modulation, which gives good per
formance to about 80% modulation,

4

was chosen, rather than the inherently
superior plate modulation, to avoid
audio power amplification with its more
costly power supply requirements. The
small internal 400-cycle oscillator easily
provides the voltage required for 80%
modulation, and the external audio
source need supply only 36 milliwatts.

Output System

The plate load of the modulated aperi
odic amplifier is the output system of
the signal generator; it consists of a
vacuum-tube voltmeter, a voltage di
vider, and a six-step ladder-type resist
ance attenuator.

The d-c plate current of the output
tube is about 40 milliamperes, and the
carrier frequency component of plate
current is limited to about 4 milli
amperes to assure low distortion under
modulation. The input impedance of the
attenuator system is 50 ohms, and the
maximum attenuator output is there
fore 0.2 volt. Since voltage at this low
level cannot be easily measured, resist
ance is connected in series with the
attenuator system to increase the volt
age at the carrier voltmeter to 1.6 volts,
and also to make available a constant
2 volts output at another jack.

figure 7. Elementary schematic circuit diagram of the Type IOOl-A Standard-Signal Generator.
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The output voltage is adjusted by
means of the carrier-oscillator plate
supply control. The correct value is
indicated by a reference line on the
panel meter. A calibrated voltage di
vider provides continuous adjustment
of output between the decade steps of
the attenuator. The voltage-divider
system was adopted in preference to
the more obvious calibrated voltmeter
method since it is difficult to obtain a
reliable voltmeter calibration over a
ten-to-one range at low voltage levels.

The voltage divider consists of two
rheostats on the same shaft. They form
a modified T-network and maintain to
a constant value the effective load in
the amplifier plate circuit. One of the
rheostats is linear; the other is tapered;
and both have non-inductive Ayrton
Perry windings. To maintain the accu
racy of the system up to the highest out
put frequencies, the residual phase
angle in the voltage divider is duplicated
in the series resistor.

The ladder network contains a series
and a shunt resistor at each attenuator
step. The two resistors are wound on a
common card of lO-mil mica. To assure
correct attenuation at all frequencies,
the phase angles of the two resistors in
a series-shunt pair must be the same;
various wire sizes and winding methods
have been selected to assure the correct
phase-angle match.

The mica cards are mounted in
shielded segments of the cast attenuator
housing (Figure 8), which contains the
attenuator switch contacts. Complete
shielding is necessary to reduce the at
tenuator input voltage to an accurate
output of 0.1 microvolt. Over-all atten
uation in this casting is one hundred
thousand to one, and in the complete
attenuator system it is sixteen million
to one.

SEPTEMBER, 1949

Figure 8. View of the casting that houses the
MULTIPLIER network. One of the mica cards, with a
series and a shunt element of the ladder network

wound on it, is shown at the right.

The voltage appearing at the attenu
ator jack is indicated by the setting of
the voltage-divider dial and of the at
tenuator MULTIPLIER. The output im
pedance is ten ohms for all but the 100
MILLIVOLTS setting of the MULTIPLIER
where it is increased to 50 ohms. To
increase the flexibility of the equipment,
the output cable and terminations are
supplied as separate items that may be
used as demanded by the particular ap
plication. These accessories include a
doubly shielded 50-ohm cable, a 50-ohm
termination unit, and a 40-ohm series
unit to provide, when need be, a 50-ohm
output impedance at all MULTIPLIER
settings. Additional accessories not sup
plied as standard equipment with the
TYPE 1001-A Signal Generator include
the TYPE 1000-PlO Test Loop and the
TYPE 1000-P3 Voltage Divider, which
provide two methods for testing loop
type radio receivers, and the TYPE
1000-P4 Standard Dummy Antenna for
testing receivers designed for use
with conventional antennas. These
accessories are shown schematically
in Figure 9. The generator output
terminah, as well as the accessories
are all designed around the new
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Figure 10. View of the Type 1000-P10 Test loop, the
Type 1000-P3 Voltage Divider, and the Type 1000

P4 Standard Dummy Antenna.

74-type coaxial system
1

where all
connectors are identical, and plug
and-jack combinations are completely
avoided.

IW. R. Thurston, "A Radically New Coaxial Connector
for the Laboratory," General Radio Experimenter. Vol.
XXIII, No.5, October, 1948.

6

Other Circuits

The remainder of the circuits used in
the TYPE 1001-A Standard-Signal Gen
erator are conventional and need no
elaboration. The plate supply is regu
lated where necessary. Becau e a bal
anced diode circuit is used, the heater
of the carrier vacuum-tube voltmeter
tube does not require regulation. The
400-cycle audio 0 cillator is of the R-C
type. The modulation voltmeter use a
pair of IN34-type germanium crystal
in a balanced, full-wave, voltmeter cir
cuit.

Frequency Dial

There are three frequency calibra
tions on the main frequency dial, and
they have been marked clearly to cor
respond with the ranges of the frequency
selector switch. One of the frequency
calibrations is used for the 5- to 15-kc,
50- to 150-kc, 0.5- to 1.5-Mc, and 5
to 15-Mc ranges. The dial calibration
and the frequency range sectors have
dark symbols against a light back
ground for easy identification. A second
frequency calibration is used for the 15
to 50-kc, 150- to 500-kc, and 1.5- to
5-Mc ranges; light ymbols against a
dark background are u ed here to dis-

Figure 9. Schematics of the output accessories supplied and of other accessories available. Various
combinations of these elements can be used. For a review of the output characteristics of signal
generators under various conditions of termination, see Arnold Peterson, "Output Systems of Signal

Generators," General Radio Experimenter, Vol. XXI, No.1, June, 1946.
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TYPE 1000-P4
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TYPE 1000- P3
VOLTAGE DIVIDER

TVPE 1000- PIO
TEST LOOP
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tinguish at a glance from the other
frequency ranges. The highest frequency
range (15 to 50 Mc) does not cover the
full 180° rotation of the dial; it is iden
tified at both the frequency dial calibra
tion and the selector switch by a pair
of parallel lines etched between the
numerals.

The gear-drive mechanism is identical
with that of the General Radio TYPE
908 Dial. About seven and a half turns
of the vernier dial rotate the main dial
over its total range. Since the calibra
tions for all but the 15- to 50- Mc range
are logarithmic, the vernier dial indi-

SEPTEMBER, 1949

cates directly in per cent frequency
change for small frequency increments.
Each division of the vernier dial cor
responds to a 0.1% change in frequency
for all frequencies below 15 Mc.

Cabinet

The instrument i housed in an all
aluminum welded cabinet for light
weight, low cost, good shielding, and
pleasing appearance. A compartment is
provided in the cabinet top for storing
the output cable and the other standard
accessories.

- A. G. BOUSQUET

SPECIFICATIONS
Carrier-Frequency Range: 5 kilocycles to 50 mega
cycles covered in eight direct-reading ranges as
follows: 5 to 15 kc, 15 to 50 kc, 50 to 150 kc,
150 to 500 kc, 0.5 to 1.5 Mc, 1.5 to 5 Mc, 5 to
15 Mc, and 15 to 50 Mc.
Frequency Calibration: Logarithmic up to 15 Mc,
departing slightly from the logarithmic scale
at higher frequencies. Accuracy, ±1%.
Incremental-Frequency Dial: Frequency increment
i 0.1 % per dial division, at frequencies up to
15 Mc.
Frequency Stability: Warm-up drift is of the order
of 0.25% in 24 hours. Half the maximum
drift is reached in 1~ hours; 95% of maximum
in four hours. Carrier shift with 0% modula
tion is 20 parts per million, or less.
Output Voltage Range: Open-circuit output volt
age at the attenuator jack is continuously
adjustable from 0.1 microvolt to 200 millivolts.
With output cable terminated at both ends,
output voltage is continuously adjustable from
0.05 microvolt to 100 millivolts. Open-circuit
output voltage at the 2 VOLTS panel jack is
measured directly by the output meter and is
2 volts if the meter is set to the reference mark.
This voltage is available up to at least 15 Mc.
Output Impedance:* Output impedance at the
attenuator jack is 10 ohms (50 ohms when the
series unit is used) except for the highest out
put position of the attenuator, where it is 50
ohms.

Output impedance at the end of the termi
nated cable is 25 ohms. Output impedance at
the 2 VOLTS panel jack is about 300 ohms.

An output impedance of one ohm (with out
put voltage reduced 100:1) can be obtained
with the TYPE 1000-P3 Voltage Divider, a
standard (IRE) test impedance with the TYPE
1000-P4 Dummy Antenna, and a known in-

*800 "Output Systems of Signal Generators," aeneral
Radio Experimenter, Volume XXI, Number 1, June, 1946.

duction field with the TYPE 1000-P10 Test
Loop (see price list below).
Accuracy of Output Voltages: At frequencies be
low 10 Mc, when the output dial is set at about
full scale or at about one-tenth full scale, the
output voltage is correctly indicated to
±(6% + O.lllv). With the output dial set in
the mid-scale r~ion, the error may be greater
or smaller by 4%. At frequencies above 10 Me,
when the output dial is set at about full scale,
the output voltage is correctly indicated to an
accuracy of ±(10% + 0.3 Ilv) and the error
may be as much as 10% larger or smaller at
other output dial settings.

The accuracy of the open-circuit output
voltage at the 2 VOLTS panel jack is ±3% up
to 15 megacycles.
Amplitude Modulation: Adjustable from zero to
80%. Modulation percentage is indicated on
the panel meter and is accurate within ±1O%
of the indicated value, with a possible addi
tional error of 2% in modulation level.

The external modulation characteristic is
flat within ±1 decibel from 20 cycles to 15 kilo
cycles. To provide 80% modulation, the ex
ternal audio oscillator must supply 12 volts
into a 4000-ohm load (36 milliwatts).
Incidental Frequency Modulation: At 80% ampli
tude modulation, the incidental frequency
modulation varies from about 10 to 100 parts
per million over each carrier-frequency range
except for the highest frequency range (15 to
50 Mc) where it may be three times as great.
At lower modulation percentages, frequency
modulation is approximately proportional to
modulation percentage.
Carrier Distortion: Of the order of 5% on all
except the lowest range, where it may increase
rapidly, reaching 12% at 5 kc.
Envelope Distortion: About 6% at 0% ampli
tude modulation.
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Noise Level: Carrier noise level corresponds to
about 0.1 % modulation.
Leakage: Stray fields are substantially less than
one microvolt per meter two feet from the
generator.
Terminals: TYPE 874 Coaxial Terminals are pro
vided for the attenuator output and for the
constant 2-volt output.
Power Supply: 105 to 125 (or 210 to 250) volts,
40 to 60 cycles. Power input is approximately
65 watts at 115 volts.
Tubes: Supplied with the instrument.

1 - 6C4 1 - 5Y3-GT
1 - 6L6 2 - OC3/VRI05
1 - 6AL5 1 - 6SN7-GT

Accessories Supplied: TYPE 874--R20 3-foot Co
axial Cable, TYPE 1000-PI 50-ohm Termina-

8

tion Unit, TYPE 1000-P2 40-ohm Series Unit,
TYPE 874--Q2 Adaptor, TYPE 1000-215 Adjust
ment Tool, and a power cord.
Other Accessories Available: Not supplied but
available on order are the TYPE 1000-P3
Voltage Divider, the TYPE 1000-P4 Standard
Dummy Antenna, and the TYPE 1000-PI0
Test Loop.
Mounting: The instrument is assembled on an
aluminum panel finished in black crackle lac
quer and mounted in an aluminum cabinet
with a black wrinkle finish. The cabinet is pro
vided with carrying handles. A recessed com
partment is built into the top of the cabinet for
storing the accessories.
Dimensions: (Height) 14% X (width) 20}4" X
(depth) 10716 inches over-all.
Net Weight: 52 pounds.

Type Code Word

l00I-A Standard-Signal Generator ARGUS
l000-P3 100:1 Voltage Divider. . ARMOR
l000-P4 Standard Dummy Antenna ARROW
l000-Pl0 Test Loop . . . . . ARRAY

Licensed under patents of the Radio Corporation of America and uuder U. S. Patent No. 2,125,816.

MISCELLANY

Price

$595.00
15.00
15.00
30.00

RECENT VISITORS to our plant and
laboratories include Mr. H. N. Hansen,
Philips Telecommunication Industries,
Hilversum; Mr. C. R. Krishnamurtky,
Engineer, All-India Radio, New Delhi,

India; Mr. William Buys, Laboratory
of Physics, University of Ghent, Bel
gium; and Mr. J. Bell, Chief Research
Engineer, Muirhead and Co., Ltd.,
Beckenham, Kent, England.

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company address, type of busi
ness company is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH0 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 SEWARD STREET

TEL.-HDllywod a·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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A SMALLER VARIAC SPEED CONTROL

Page
RETURNING INSTRU

MENTS FOR
REPAIR. . . .. 6

Figure 1. Panel view af the Type 1701-AK Variac Speed Cantrol.

Introduction

In the April issue of the Experimenter,
the TYPE 1700 Variac Speed Controls*
were described for operation of shunt mo
tors having ratings up to H h.p. The TYPE
1701 Controls are now offered for applica
tions requiring up to about 715 h.p. output.
A very compact design has been achieved

by employing miniature selenium rectifiers instead of the full-wave gas
rectifier used in the TYPE 1700 Control. The selenium rectifiers also
*w. N. Tuttle, ""ariac :\10OOr peed Controls," General Radio Experimenter, April, 19,19.
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VARIAC CHOKE

D0 I

115V. I
I ARM.

60e J

0 1
LOW HIGH

FIELD

Figure 2. Circuit of Type 1701·AK Speed Control. Circuit of Type 1701·AU is similar but
furnishes the field supply at a lower valtage and has only a single speed range.

permit considerable circuit simplification
and reduction in cost and eliminate the
need for a time delay when the unit is
first turned on. Two types are offered.
The TYPE 1701-AK is for shunt motors
of standard design. The TYPE 1701-A
is for series or universal motors con
verted by reconnection for operation at
constant field excitation.

Circuit Details

The wiring diagram for the TYPE
1701-AK Control is shown in Figure 2.
Separate full-wave bridge rectifiers are
employed for the armature and field.
The adjustable output voltage of the
Variac feeds the armature through one
of the bridges and a choke, which, as in
the larger TYPE 1700 Controls, serves
both to reduce the ripple and to improve
the regulation. Fixed taps on the Variac
furnish the field excitation through the
second rectifier bridge. Normally the
field is left fully excited, and the speed is
controlled by adjustment of the arma
ture voltage from zero to maximum. For
applications requiring increased maxi
mum speed at reduced torque, however,
the field excitation can be reduced by a

two-position speed-range switch. The
line power witch serves as the motor
start and stop witch, because the sele
nium rectifiers are ready for instant op
eration without warm up.

Construction

The general appearance of the control
is shown in the photograph, Figure 1.

The cabinet is 6% inches high, 5~~

inches wide, and 3% inches deep. The
louvers make the width 72 inch greater
overall, and the knob and witches add
about 'J,~ inch to the depth. Ventilation
is entirely through the side louvers, so
the cabinet can rest on its base and the
control can be operated conveniently on
a laboratory bench without being per
manently installed. Further to facilitate
laboratory use, and to simplify installa
tion, the power cord and a four-conduc
tor motor cord are permanently attached
to the control.

Figure 3 shows the internal construc
tion and the method of attachment of
the cover. The base is integral with the
panel. The cords are attached to the
base, and the cover i notched so that it
can be removed without di turbing the
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wiring. This construction permits two
alternative methods of mounting in per
manent installations. Either the control
can be mounted through its base and
the cover left free, or the cover can be
permanently mounted on a vertical sur
face through holes in its back and the
control in turn attached to the cover.
The latter arrangement makes it possible
to remove a unit with its connecting
cords for servicing by taking out only
the small screws attaching it to the
cover.

Performance

The internal resistance of the arma
ture supply circuit is very low, about 12
ohms compared with the armature re
sistance of about 42 ohms. Hence, at
base speed, the regulation is only slightly
greater than when the motor is operated
directly from a d-c line. Families of
speed-torque curves for the high and
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low speed ranges of the control are shown
in Figure 4. As with motors operated
from the larger TYPE 1700 Variac Speed
Controls, the rise in speed between full
load and no load is the same at all speed
settings, so the regulation expressed as
a percentage of the full-load speed is
inversely proportional to the speed et
ting. The r.p.m. rise is about 470 and
680 r.p.m. for the low and high speed
ranges, or about 27 per cent and 20 per
cent, respectively, at the maximum
speed setting for each range. This com
pares favorably with the performance
of the larger TYPE 1700 Controls, the
difference being largely in the inherently
poorer regulation of the smaller motor.

The Type 1701-AU Control
for Converted Universal Motors

This model of the control makes it
possible to obtain adjustable constant
speed operation from a motor of the

Figure 3. Interior view of control.
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series or universal type by separately
exciting the field at the voltage normally
appearing across it at full load in the
series connection and applying an ad
justable voltage to the armature alone.
The performance is exactly the same as
for a shunt motor, but the field excita
tion is supplied at lower voltage and
higher current.

The reasons for supplying this model
of the control are that universal motors
are widely available in a large number
of types, are relatively inexpensive, and
run at high efficiency. They are the only
motors generally available for operation
at speeds up to 10,000 r.p.m. and higher,
and they are very compact for a given
power output. Another consideration is
that with this control various types of
equipment run by universal motors can
be modified for operation at adjustable
constant speed without changing the
motor. Finally, because of the high
speeds available, operation on a constant
torque basis is possible over an extreme-

ly wide range of speeds, up to 50:1 or
even 100:1. The only disadvantages of
any consequence in the universal motor
appear to be that the high operating
speed causes greater brush and bearing
wear, and that for some applications a
relatively high gear or pulley reduction
ratio must be employed.

It is clear that with d-c operation
under steady load conditions the motor
will perform identically whether the
field and armature are connected in
series or separately excited at the same
voltages. One motor tested, for example,
had a rating of Xs h.p. at 5000 r.p.m.,
1.25 amperes, and 115 volts. The field
resistance was 12.5 ohms, so the field
voltage at full load was 15.6 volts and
the armature voltage 99.4 volts in the
usual series connection. When these volt
ages were supplied separately to the
armature and field, operation at rated
load was unaffected, but the speed, in
stead of varying widely with the load,
was maintained within close limits. The

Figure 4. Speed-torque curves for 1/20 h.p. shunt
motor with Type 1701-AK Control for the high ond low
speed ronges.

Figure 5. Speed-torque curves for 1/15 h.p. converted
universal mator used with Type 1701-AU ContraI com
pared with a-c operatian of the motor.
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very high starting torque of the series
connection must be given up, on the
other hand, for the relatively lower start
ing capabilities of the shunt motor.
When, as in the TYPE 1701 Control, the
armature voltage is adjusted to set the
speed, however, heavy loads can be
started without difficulty by turning up
the speed control.

An important feature of the TYPE
170l-AU Control is that it takes advan
tage of the greatly improved perform
ance of a universal motor on dc in com
parison with the usual operation on ac.
Greater power output can be obtained
with a motor of given size, the efficiency
is higher, and commutation is very much
better. With a-c operation, the brushes
must be set off neutral for the best com
mutation, so that motors for reversing
service are not entirely satisfactory.
When motors are operated on dc, as
with the TYPE 1701 Control, excellent
reversing characteristics are obtained.

Figure 5 illustrates the comparative
performance of a 715 h.p. universal mo
tor working on adjustable a-c voltage
from a Variac, and working on dc with
fixed field excitation and adjustable ar
mature voltage obtained from the TYPE
1701 Control. This motor is suitable for
use with the control, although its rated
current for a-c operation, 1.25 amperes,
is considerably greater than the maxi
mum continuous current, 0.8 ampere,
which can be provided by the control.
This is because on dc, even with 105
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volts applied and with a load of rated
torque, the armature current is only
about 1 ampere and the speed is about
70 per cent greater than the rated speed
for a-c operation. The 0.8 ampere cur
rent limit of the control is shown by a
dashed line. It is seen that this current
will provide 80 per cent of rated torque
at 8000 r.p.m. instead of the rated 4600
r.p.m. The combination of the control
with this motor, then, will provide con
tinuously about 40 per cent more than
the motor rated power, or about 711 h.p.
instead of 715 h.p. Because of these char
acteristics, considerably increased out
put can be obtained from a given uni
versal motor when used with the TYPE
170l-AU Control wherever operation at
increased speed and somewhat reduced
torque can be provided for. Even with
out exceeding the rated speed, about 75
per cent of rated torque, or 720 h.p., can
be obtained from this combination with
out exceeding the continuous duty rating
of the control.

The dashed characteristics show the
comparative performance of the motor
run in the series connection from adjust
able a-c voltage. The usual inverse speed
torque characteristic contrasts greatly
with the constant-speed characteristics
obtained on dc with separate field excita
tion. Corresponding operating voltages
are also marked on the curves. The
great improvement in both regulation
and efficiency is apparent.

- W. N. TUTTLE

Supply Frequency . . . .
Supply Voltage ....
D-C Output Armature Voltage
D-C Output Armature Current
D-C Output Field Voltage .
D-C Output Field Current . .

SPECIFICATIONS
Type 1701-AK

60 C } 50 C }
105-125 v 105-120 v

0-115 v
0.8 a. max.
38 v, 115 v

0.2 a.

Type 1701-AU

60 C } 50 C }
105-125 v 105-120 v

0-115 v
0.8 a. max.

16 v
1.0 a.
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Speed Range: Motor rated speed down to zero
at constant torque. A working range of 30:1
can be satisfactorily employed with the TYPE
1701-AK Control and up to 50:1 or more when
the TYPE 1701-AU Control is used with a con
verted universal motor having a speed rating
of 5000 r.p.m. or higher. Two speed ranges, one
up to rated speed and one at reduced field exci
tation up to approximately twice rated speed,
are provided in the TYPE 1701-AK Control.
Only a single range is provided in the TYPE
1701-AU Control because of the higher rated
speeds of universal motors.
Motor: The TYPE 1701-AK Control can be
used with any ~o h.p. 115-volt d-c shunt mo
tor or with a 715 h.p. motor when the current
consumption is within the rating of the control.
Speed ranges marked on the panel are for mo
tors having a base speed of 1725 r.p.m. and
reduced field operation up to 3450 r.p.m. as
provided by Bodine Motor Model NSH-33
listed below.

The TYPE 1701-AU Control can be used with
~o, 718, or 715 h.p. universal motors when the
current consumption is within the rating of the
control. When operating at rated current, such
motors will furnish rated torque at up to 150
per cent or more of rated speed, giving output
power sub. tantially greater than the rating.
Motors of the four-wire reversible type can be
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used without modification. Uni-directional mo
tors must be provided with separate field leads.
Bodine type NSE-12 motors 718 h.p., 5000
r.p.m., for reversing service are stocked as listed
below. Motors of other ratings or with built-in
gear reduction can be obtained fro.rn the manu
facturer.
Overload Protection: No protection for starting
load or momentary overload is required. A
slow-blow fuse is provided in the TYPE 1701
AU Control only as a protection against damage
from stalling when starting an excessively
heavy load.

Reversal: Motors with brushes set on neutral
give excellent reversing performance with either
control. Sparking at the commutator may occur
if it is attempted to reverse motors having
brushes set for a single direction of rotation.

Mounting and Wiring: The control can be
mounted either through the bottom or the back
and can be used unmounted on a laboratory
bench. Mounting must permit ventilation
through the side louvers. A 5~ foot power cord
and a 3~ foot four-conductor motor cord are
permanently attached to the control.

Dimensions: Height 61716 inche , width 51716
inches, depth 4;% inches overall.

Weight: Six pounds for either model.

Type Code Word Pl'ice

1701-AK Variact Speed Control, 115 v, 50-60 c.p.s., for D-C
Shunt Motor. . . . . . . . . . WINDY $6S.00

1701-AU Variact Speed Conlrol, 115 v, 50-60 c.p.s., for Con-
verted Universal Motor. . . . . . WEAUY 65.00

MOD-l Bodine Model NSH-33 Sleeve-Bearing D-C Shunt
Motor, ~o h.p., 1750 r.p.m., for use with
TYPE 1701-AK Control. . . . . . . MOTOU' 24.50

MOD-4 Bodine Model NSE-12 Sleeve-Bearing Reversible
Universal Motor, 718 h.p., 5000r.p.m., for use
with TYPE 1701-AU Control MOTOR' 14.26

*To order speed control with motor, use compound code word, WIN'DY~tOTOn or WEARYMOTOR.
tTrademark registered in U.S.A. U.S. Patent No. 2,009,013.

RETURNING INSTRUMENTS FOR REPAIR

When General Radio instruments are
returned to the Service Department for
repair or reconditioning, the time con
sumed in handling the job can be held to
a minimum if the procedure outlined
here is followed.

Before returning an instrument for
any reason, write to the Service Depart
ment, stating the rea on for return, and

glvmg the type and serial numbers.
Shipping instructions, where necessary,
and a Returned Material Tag, will then
be furnished by the Service Department.
Do not ship equipment to our plant
without first obtaining instructions. Un
authorized hipments are made at the
owner's risk. We cannot accept responsi
bility for them.
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When the return is to be made for
repair, please give us complete infor
mation on the observed defects: their
nature, symptoms, etc., as well as a
sketch of the external circuits to which
it is connected. When we have all this
information, we can often diagnose the
trouble and correct it by furnishing a
replacement part.

Often instruments have been returned
with no greater trouble than a blown
fuse or deteriorated vacuum tube. Occa
sionally equipment has been returned in
first-class condition because the operat
ing instructions supplied with it had not
been followed, or possibly were not fully
understood. Frequently what appears to
be unsatisfactory performance can be
traced to the external circuit with which
the instrument is being u ed.

Even when equipment must be re
turned for repairs, a detailed statement
of the trouble may be very helpful.
Analysis of this information sometimes
shows that the trouble is caused by a
single defective component which can be
easily replaced. Our laboratory will
know what condition needs correction,
and no time will be lost in making extra
preliminary checks.

The letter or purchase order author
izing necessary work to an instrument
should always be mailed so as to arrive
before the shipment. The Returned M a
terial Tag should always be fastened to
the instrument when shipment is made.
If this is not done, serious delays will
result, as in some cases we would have
no way of knowing by whom the instru
ment was shipped.

In accordance with the procedure of
their purchasing divisions, some of our
customers request a quotation to cover
the cost of reconditioning equipment. It
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is our practice to submit an estimate
based on records of previou charges for
equipment of the ame type and age.
This estimate is not a definite quotation,
but is the form of minimum and maxi
mum prices.

We have found it necessary to follow
this plan rather than to test a returned
instrument completely and then to quote
an exact charge, which would inevitably
be in excess of what the customer ex
pected because of the laboratory time
required for testing. Since repair charges
depend upon the cost of the labor and
material involved, a considerable saving
can thus be made in the repair charge.

If, upon inspection of a returned
instrument, it is found that the co t of
reconditioning will be in excess of normal
charges, the customer is advised of the
maximum cost, and no work is done until
a reply is received.

In reconditioning a returned instru
ment we clean it thoroughly; check and
resolder any connections that may have
weakened; replace or repair any com
ponent parts that have become worn,
deteriorated, or damaged; tighten all
assembly and mounting screws; clean
the panel and polish the cabinet.

It is then sent to the laboratory for
final test and recalibration. The repaired
instrument must pass the same test as a
new instrument. If an obsolete type, it
is tested under the specifications that
were used when it passed through the
laboratory originally. Because of the
careful and complete reconditioning in
our shop and laboratory, we are able to
guarantee the instrument for one year,
tubes and batteries excepted. This guar
antee is identical to that which applied
when the instrument was originally sold.

-H. H. DAWES



• GENERAL RADIO EXPERIMENTER

MISCELLANY

8

Recent Visitors to General Radio-Mr.
A. Bruaux, Ateliers de Constructions
Electriques, Charleroi, Belgium; Mr. P.
L. Jain, Jubbulpore, C.P., India; Mr.
Arun Prasad, Bangalore, South India;
Dr. R. A. Smith, Telecommunication
Research Establishment, Great Mal
vern, England; Dr. H. Van Dijk, Kam
erlingh-Onnes Laboratory, Leiden, Hol
land; and Mr. Gunnar Hammerik of
Maskin-Aktieselskapet Zeta, Oslo, sales
representatives for General Radio prod
ucts in Norway.

Papers - by Ivan G. Easton, Engineer,
"Amplifier and System Measurements,"
tenth lecture in the Spring Educational
Series of the Audio Engineering Society,
New York, May 19.

- by Arnold P. G. Peterson, Engi
neer, "The Measurement of on-Linear
Distortion," at the Pacific Coast Con
vention of the I.R.E., San Francisco,

and at a meeting of the Seattle Section
of the I.R.E.

In Denmark, we have been represented
for the past year by Mogens Bang and
Company, Copenhagen/Skordsborg. Our
friends in Denmark will be glad to
learn that, effective October 1, Mogens
Bang and Company will be our exclusive
representatives in Denmark.

Credits - Design and development of
the TYPE lOOI-A Standard-Signal Gen
erator, described in our September issue,
was carried out under the supervision of
Eduard Karplus. Development engineer
was A. G. Bousquet, author of the de
scriptive article.

Erratum
It has been brought to our attention

that the caption of Figure 3 on page 3 of
the August, 1949, Experimenter is in
correct. The caption should be "Circuitof
the TYPE 1931-Pl A-M Detector Unit."

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested

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

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·H31

LOS ANGELES 38, CALIFORNIA
1000 NORTH SEWARD STREET

TEL.-HOllyw •• _ 1-6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820



Figure 1. Panel view af the Type J022-A F-M Standard,Signal Generator.

• TO SUPPLEMENT the TYPE 100l-A
general-purpo e a-m standard-signal gen
erator announced in the September, 19"*9,
Experirnenter, an f-m standard-signal gener
ator, specifically intended for measurements
on f-m broadcast receiver,;, is nOIr available.

The TYPE 1022-A F-:\I 'tandard-Signal
Generator has bern de igned to provide
first-class performance at a moderate price.
Every effort has been made to use simple,
direct methods in the de ign, and onl~'

those features necessary for measurement.
broadcast receivers have been included.
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The instrument comprises an oscilla
tor, covering the frequency ranges of
88-108 Mc and 10.7 Mc ±1O%, and a
reactance-tube modulator, providing de
viations up to ±200 kc. The output
voltage is obtained through a mutual
inductance-type attenuator and can be
adjusted over a range from 0.1 IlV to
1 volt on the 88-108 Mc range, and from
0.1 IlV to 0.25 v on the 1O.7-Mc range.
The output impedance is 50 ohms resi 
tive, constant over the tuning range.

The TYPE 1000-P5 Transformer de
scribed in an accompanying article can
be plugged into the TYPE 874-P Output
Jack to convert the 50-ohm unbalanced
output system to 300 ohms balanced.

GENERAL FEATURES

The direct use of the r-f oscillator
eliminates difficulties with spurious
beats, or "birdies," that cause trouble
in beat-type systems. The restricted
tuning range opens up the tuning scale
and facilitates precise frequency set
tings. For easy interpolation on the
88-108 Mc band, an auxiliary scale on
the main tuning dial is marked in 200-kc
intervals. On the 10.7 Mc range, this
same scale provides intervals of approxi
mately 20 kc.

The modulation system is flat from
20~ to 15 kc, and the instrument can
therefore be modulated, from an ex
ternal source, with any frequency that
is of interest in designing f-m receivers.
Fixed internal modulating frequencies
of 60~ (line frequency) and 400~ are

~ !-_~6~C~4=-:I-J:~---:::::::J
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provided. When these are used, the mod
ulation voltage appears at the external
modulation binding po ts to drive the
horizontal plates of a cathode-ray
oscillograph for sweep-generator applica
tions. Deviation i indicated directly on
a panel meter whose qua i-logarithmic
scale spreads the readings at small de
flections, so that good accuracy is ob
tained in reading small deviations as
well as large.

Shielding is excellent. All the r-f cir
cuits are contained within one casting,
which is closed with a tight-fitting cover.
All leads entering the casting are care
fully filtered, and the amount of leak
age from the assembly is so small that
the extra attenuation provided by the
panel and aluminum cabinet reduces the
external leakage below the noise level.
The testing specification on leakage, in
fact, calls for no measurable signal to be
detected on a high-sensitivity f-m re
ceiver.

No provision for amplitude modula
tion is incorporated in the TYPE 1022-A
itself. The TYPE 1023-A Amplitude
Modulator, described in the accompany
ing article, was therefore designed to be
used in conjunction with the signal
generator for a-m tests.

Several of the circuits and design
features, which contribute to the good
performance and simplicity of the
instrument, are unconventional and
worthy of mention.

R-F OSCILLATOR

The oscillator circui t, shown in Figure
2, is based on the series-tuned circuit
described by Clapp.' It was chosen both

'J. K. Clapp. "An Tnductance-CapaciLance Oscillator of
llnusual Frequency Stability," Proceedings of the I.R.E.,
.'.larch, 19,18.

Figure 2. Elementary schematic diagram of the os
cillator and reactance-tube circuits.

MOD Bt
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because it is inherently a stable circuit
and because it gives a minimum change
of deviation with the oscillator fre
quency.

Two tuning inductors, for the two
frequency ranges provided, are mounted
on a turret switch. For the particular
frequency range selected, the appropriate
inductor is moved to a position in which
connections to the oscillator circuit are
made and proper magnetic coupling to
the mutual-inductance-type attenuator
is established. The tuning capacitor has
two sections, one connected in series
with the inductor, between plate and
grid, for tuning, and another connected
from grid to ground to maintain proper
feedback to provide constant output
over the tuning range. The fixed capaci
tance between plate and ground, that
completes the oscillator circuit, is pro
vided by the capacitance component of
the reactance-tube-modulator admit
tance and the plate-to-ground capaci
tance of the oscillator triode.

The circuit shown yields a deviation
that ideally would vary inversely as
the carrier frequency. This is not a very
rapid variation, and could be com
pensated readily by a conventional
ganged volume control in the modula
tion circuit. The departures from ideal
behavior, however, have been put to
good use in eliminating even this me
chanical complication. It was found that
the type of tube used for the reactance
modulator tended to resonate in the
88-108 Mc range, with a consequent in
crease in effective input capacitance with

frequency. Over this relatively narrow
frequency range it was therefore found
possible to maintain substantially con
stant deviation, without ganged con
trols, by proper choice of components,
lead lengths, and mechanical layout.

Over the 10.7 Mc band the deviation
varies inversely as the carrier frequency
but this variation is of less importance
because the 1O.7-Mc RMA standard
intermediate frequency is in such wide
use. The resistive element of the react
ance-tube phase-splitting circuit is auto
matically switched with the tuning in
ductors to produce the same deviation
at 10.7 as that maintained over the
88-108 Mc band.

OUTPUT SYSTEM
The mutual-inductance-type attenu

ator is magnetically coupled to the
selected oscillator coil. A monitoring
loop, placed directly across the attenu
ator mouth, samples the magnetic field
at that point, and the induced voltage,
rectified by a diode voltmeter circuit,
actuates the panel meter. A mode sup
pressor, also located at this point,
rejects unwanted components of the
magnetic field and supports, in its vicin
ity, only the TE 1-1 mode that attenu
ates down a waveguide of circular cross
section at the rate of 32 db/diameter.

The field that excites the monitoring
loop is therefore of the same character
as that which excites the attenuator
pickup loop, and a true measure of out
put voltage, under all conditions, is
given by the meter reading and the posi-

Figure 3. Cutaway view of the attenuator and termination.
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tion of the attenuator plunger. The
plunger slides within the attenuator
tube and incorporates a well, in which a
50-ohm terminating resistor is mounted.
This resistor is connected to an output
cable of 50 ohms characteristic imped
ance by the pickup loop, which is care
fully proportioned to act as a 11"-type
artificial-line section of the same char
acteristic impedance.

A completely smooth termination
system ideally results from this combi
nation and, since the system was origi
nally designed for operation at fre
quencies up to 500 Mc, the departure
from perfection at lower frequencies
is principally the ±2% tolerance of the
terminating resistor itself.

For standardizing the attenuator dial
in terms of the meter reading, use is
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made of the adjustable index and auxili
ary scale illustrated in Figure 1. When
the adjustable index is set on this scale
to agree with the meter reading, the dial
index moves with it to assume the
proper position for the indicated level
of magnetic field at the attenuator
mouth, and the dial then reads directly
in open-circuit output voltage. The
quasi-logarithmic meter scale indicates
both the 0.25 volt level at 10.7 Mc and
the I-volt level over the 88-108 Mc band
well upscale to make possible precise
settings on both frequency bands.
Changes of output over each band are
quite small and minor readjustment of
the index as the frequency is varied is
generally found necessary only when
measurements of the highest accuracy
are required.

SPECIFICATIONS
Incidental Amplitude Modulation: Less than 5%.
Accuracy of Indicotion:

Variation of Deviation Carrier Frequency:
88- to lOB-megacycle range, ±5%; 10.7-mega
cycle range, approximately inversely propor
tional to carrier frequency.

Variation with Modulati.on Frequency: ±2%
20 c to 2 kc; ±1O%, 2 kc to 15 kc.

Meter Error: ±2 kc, maximum.
Power Supply: 110-130 or 220-260 volts, 50-60
cycles.

Power Input: Approximately 50 watts.
Tubes:

1-6C4 1-6AG7 1-6SL7 1-6AL5
1-2050 1-6AQ6 1-6H6 1-991

Accessaries Supplied:
1-874-R20 50-11 Output Cable
I-Power Cord
1-874-C Cable Connector

Other Accessories Available: TYPE 1000-P5 Trans
former (50 11 unbalanced to 300 11 balanced),
TYPE 1000-Pl Termination Unit (50 ll).
Terminals: Output and external modulation ter
minals are TYPE 874 Coaxial Connector.
Mounting Dimensions: (Height) 13;V x (width)
20).1 x (depth) 10% inches, overall.
Net Weight: 35 pounds.

Code Word Price

Carrier Frequency Range: 10-11.5 megacycles and
88-108 megacycles in two ranges.
Frequency Calibration: The dial is adjusted to
better than ± 0.25% at all points.
Frequency Stability: Instantaneous Stability (F-M

oise Level) - more than 50 db below 75 kc
deviation. low Drift -less than 0.005% after
first 20 minutes of operation.
Open-Circuit Output Voltage: 88 to 108 Mc range
- less than 0.1 microvolt to more than 1 volt;
10.7 Mc -less than 0.1 microvolt to approxi
mately 0.25 volt.
Output Impedance: 50 ohms nominal; actual
(50 + jO) ± (3 + j2).
Maximum Output Voltmeter Error: ±10% when
zero is correctly set.
Maximum Attenuator Error: ±2% at minimum
attenuation, increasing linearly to ±5% at
maximum attenuation.
Leakage: Cannot be detected on high-sensitivity,
commercial f-m receivers.
Frequency Modulation: 0-200 kc deviation.
Internal Modulation Frequencies: Line frequency
and 400 cycles.
External Modulation: 20 c to 15 kc; approximate
ly 7 volts at 0.5 megohm are required.
Distortion: At 400-cycle modulation, less than
3% at 75 kc deviation; less than 10% at 200 kc
deviation.

Type

1022-A I F-M Standard Signal Generatar*
*U. K Patent No. 2.125,816.

....... , ABIDE $625.00
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A VERSATILE AMPLITUDE MODULATOR FOR

V-H-F STANDARD-SIGNAL GENERATORS

Although designed particularly for use
with the TYPE 1022-A F-M Standard
Signal Generator, the TYPE 1023-A
Amplitude Modulator may be used gen
erally with standard-signal generators
at frequencies between 5 Mc and 220
Mc, to produce an amplitude-modulated
signal with no significant incidental fm.

GENERAL CHARACTERISTICS

The amplitude modulator consists
simply of a grid-modulated aperiodic
amplifier that is connected between the
output of the standard-signal generator
and the device under test. It is designed
specifically to work out of a 50-ohm
source impedance and to have a gain of
0.1, substantially flat from 10 Mc to
150 Mc and reasonably flat from 5 Mc
to 220 Mc.

Modulation up to 80% is provided,
either internally at the power-line fre
quency or from an external source from
20 to 15,000 cycles. Envelope distortion
is less than 5% at 80% modulation. The
gain and modulation percentage are sub
stantially independent of r-f input volt
age from 1 microvolt to 1.5 volts; at
higher input voltages the gain decreases
and envelope distortion increases.

The output impedance, nominally 50
ohms resistive, is (50 + jO) ± (5 + j4)
from 10 Mc to 150 Mc, and the resultant
voltage standing-wave ratio is less than
1.15. At higher frequencies the VSWR
increases, reaching a value of about 2.0
at 220 Mc.

INCIDENTAL FM

Direct incidental fm caused by"pull
ing" of the oscillator frequency is almost
absent because the modulation is ac
complished on the output side of the

standard-signal-generator attenuator.On
direct comparison, a standard-signal
generator, even one having a modulated
amplifier following the oscillator, when
modulated with the TYPE 1023-A Am
plitude Modulator shows spectacularly
better performance than when it is mod
ulated with its own internal modulation
system.

For the most refined measurements,
however, it should be pointed out that
a further source of equivalent fm arises
from the phase modulation produced by
changes in the input impedance of the
tube over the modulation cycle. When
the TYPE 1023-A Amplitude Modulator
is operated from a 50-ohm source at
100 Mc, this equivalent fm only amounts
to 10 cycles for 80% modulation at a
60-cycle modulating frequency. How
ever, fm arising from phase modulation
increases linearly with the modulating

Figure 1. Panel view of the Type 1023·A Amplitude
Modulator.
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frequency, and this equivalent fm will
increase to 2500 cycles when the modu
lating frequency is raised to 15,000
cycles.

I-F BAND

A feature of the instrument, particu
larly important when it is used with the
TYPE 1022-A F-M Standard-Signal Gen
erator, is a second operating range that
can be selected by a switch. This second
range provides a gain of 10 at the 10.7
Mc, RMA standard fm-receiver inter
mediate frequency, with a band-width
to the half-power points of ±0.6 Mc. On
this range the gain and modulation per
centage are substantially independent
of input voltage at levels up to 0.1 volt.
Output voltages up to 3 volts, however,
can be obtained without serious increase
in envelope distortion if some change in
gain can be tolerated. The output im
pedance is (50 - j2) ± (2.5 ± j1) at
10.7 Mc (a VSWR less than 1.15), and
varies over the entire band within
(50 - j4) ± (5 ± j15) to produce a
V WR of less than 1.4.

GAIN STANDARDIZATION

Since the grid-modulation proce s in
volves varying the effective trans-con
ductance of the amplifier tube with
modulating voltage, it is not feasible to
stabilize the amplifier by means of nega
tive feedback. As a consequence, some
change in gain may be expected over
periods of extended operation. A gain
control, mounted on the panel, provides
adjustment over a sufficient range to
compensate for these changes and to
correct for changes in gain as a result of
changes in frequency or of switching
ranges. When the instrument is used with
a standard-signal generator having a 50
ohm output impedance, the gain can be
quickly and accurately standardized by,
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first, connecting the receiver under test
to the standard-signal-generator output
directly and setting to a reference volt
age; then, second, reconnecting the re
ceiver to the output of the TYPE 1023-A
Amplitude Modulator, resetting the
standard-signal-generator attenuator to
a reading 10:1 greater or 10:1 less than
the original reading (for the 10-150 Mc
or 10.7 Mc range, re pectively) and
adjusting the gain until the same re
ceiver output is obtained.

EXAMPLES OF USE

A simple method of checking ratio
detector performance, for instance, is to
use the combination of a TYPE 1022-A
F-M Standard-Signal Generator, modu
lated at 400 cycles, and a TYPE 1023-A
Amplitude Modulator, modulated at 60
cycles. With the 400-cycle modulation
voltage used as horizontal deflection,
and the output of the ratio detector used
as vertical deflection on a cathode-ray
oscilloscope, the discriminator charac
teristic will be displayed on the oscillo
scope screen. For small amplitude-modu
lation percentages, no departure from
the conventional pattern will be notice
able, but, as the amplitude modulation
is increased, multiple patterns wiII begin
to appear. These multiple patterns will
pass through a common central point,
since no significant incidental fm is in
troduced by the TYPE 1023-A Amplitude
Modulator, and the fanning out at the
ends will give a measure of the a-m
response of the detector at the modula
tion percentage indicated by the panel
meter. Figure 2 is a typical pattern.

For simple tests of performance of
limiters or ratio detectors, the instru
ment gives almost ideal performance
when used as described. It should be
emphasized, however, that the generator
is entirely satisfactory for even more
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refined tests where separation of f-m
and a-m response is obtained by the use
of sharply tuned filters, because the
equivalent fm introduced by 80% modu
lation at 1000 cycles is only about 150
cycles, or 54 db below ±75 kc deviation.

Owing to its very low incidental fm,
the TYPE 1023-A Amplitude Modulator
is also useful with the TYPE 100l-A and
the TYPE 805-C Standard-Signal Gen
erators. Incidental fm in these instru
ments, as in most a-m signal generators,
is characteristically a function of the
carrier frequency as well as of percent
age modulation, amounting to as much
as 20 kc at 50 Mc and 80% to 100%
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Figure 2. Typical re
sponse of a ratio
detector to combined

fm and am.

modulation, which is greater than the
bandwidth of ordinary communication
channels. When the TYPE 1023-A Ampli
tude Modulator i u ed, however, the
improvement is of the order of 1000:1,
and incidental fm is practically elimi
nated as a source of error in receiver
measurements.

- D. B. SINCLAIR

Pass Band*

SPECIFICATIONS
Input VoUage

Range* Output Impedance
(From 50-ohm source) Nominal VSWR Output Volts Gain

10 to 150 Mc 0-1.5 v at 50 ohms 50 ohms 1.15 1/10 Input V 0.1

10.1 to 11.3 Mc 0-0.1 v at 50 ohms 50 ohms 1.4 10 Input V 10(1.13 at 10.7 Mc)

*lnstrument can be used over the range of 5 to 220 Me, but gam WIll vary somewhat with frequency. and output im
pedan(;e will not stay within above limits. Input voltages caD be increased beyond above figures at some increase ill
envelope distortion and decrease in gain.

Amplitude Modulation: 0 to above 80% continu
ously adjustable, accurate to (5% of meter read
ing + 1% modulation).

Internal Modulation: At power line frequency.

External Modulation: Flat within ± 1 db from
20 c to 15 kc; approx. 5 volts into 10,000 ohms
will produce 80% modulation.

Envelope Distortion: Less than 5% at 80% modu
lation. Decreases with the modulation per
centage.
Frequency Modulation: Direct incidental fm from
reaction on a low-impedance standard-signal
generator is negligible. Equivalent fm from
variable phase shift is of the order of 10 cycles
for 80% modulation at 60 cycles and is propor
tional to modulating frequency and modulation
percentage.

Carrier Noise Level: Better than 45 db below 80%
modulation.
Leakage: At least 45 db below output signal 011
10 to 150 Mc range; at least 60 db on 10.7 Mc
range.
Terminals: Input and output terminals are TYPE
874 Coaxial Connectors.
Power Supply: 105 to 125 (or 210 to 250) volts;
50 to 60 cycles. Demand is 15 watts.
Tubes: One 6AC7 and one 6X5GT; both are
supplied.
Accessories Supplied: One TYPE 874-R20 Patch
Cord.
Other Accessories Available: TYPE 1000-P5
Transformer (50 ohms unbalanced to 300 ohms
balanced; TYPE lOOO-PI Termination Unit, 50
ohms; TYPE 874-Ql Adaptor (for TypejN Con
nectors).

Figure 3. Elementary
schematic diagram of
the Amplitude Modu-

lator.
~ .. ..
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Mounting: Aluminum panel with black crackle
finish; aluminum cabinet with black wrinkle
finish.

Type

Dimensions: (Height) 14% x (width) 9>~ x
(depth) 8X inches overall.
Net Weight: 14Yz pounds.

Code Word PTice

1023-A I Amplitude Modulator .•........... I EXULT $250.00

A TRANSFORMER FOR 300-0HM BALANCED OUTPUT

FROM STANDARD-SIGNAL GENERATORS

The TYPE lOOO-P5 V-H-F Transformer
is designed to plug into a standard
signal generator having a 50-ohm un
balanced output and produce an equal
balanced open-circuit voltage behind a
300-ohm balanced impedance for r-f
measurements of fm and tv receivers.

The transformer is mounted in a cylin
drical container terminated at one end

+2 r-T--~--.-------,-----r---'

~ - 2 H;f..i...t.d:.q:----j----+---+--O.----j

- 4 H----l----+-----!---+--I

-8 L1=:...--,J,-__~--~-~_=__---l

Frequency characteristic of the Type lOOO-P5 V-H-F
Transformer. Shaded areas show tolerances.

in a TYPE 874 Coaxial Connector and
at the other in a socket designed to
receive the Alden Type HA902P Con
nector for standard 300-ohm open paral
lel-wire line.

SPECIFICATIONS
Terminals: Input - General Radio TYPE 874

Coaxial Connector.
Output - Fits Alden Type HA902P

Connector.
Dimensions: (Length) 4% x (diameter) ~s inches.
Net Weight: 3Yz OWlCes.

Frequency Range: 50 Mc to 250 Mc.

Frequency Characteristic: See plot.

Accuracy: See plot.
Input Impedance: Approximately 300 ohms.

Designed to work out of 50-ohm source.

Type

l000-P5 I V-H-F Transformer .•.. . I
Code WOTd

AnSON

Price

$27.50

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH·O NE: TRDwbridge 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.-H Ollywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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AN ACOUSTIC CALI

BRATOR FOR THE

SOUND-LEVEL METER 6

ISS UET HISIN

A PRECISION ATTENUATOR
HAVING A WIDE FREQUENCY RANGE

• ONE OF THE BASIC TOOLS in all
branches of communieation engineering
and in many measurement techniques is
the constant-impedance resistive attenua
tor, calibrated in decibels and deRigned to
vary the voltage or power input into a given
load. General Radio Company now offers
a new series of precise attenuators, the

TYPE 829 Decade Attenuator Units and the TYPE 1450 Decade Atten
uators, which hold their calibration accuracy over an unusually wide
frequency range.

The TYPE 829 Decade Attenuator Units can be built into speech and
ultrasonic equipment, recording channels, measuring devices, etc. Each
unit consists of four attenuator pads, having individual values of 1, 2,
3, and 4 units of attenuation. These pads are built into an eight-com
partment "egg-crate" chassis, which permits the novel feature of bi
sected shielding discussed below. A steel shaft, on ball bearings, drives
a series of cam-operated switches to provide integral steps of attenua
tion. The shaft is capable of continuous rotation, which is an advantage
for certain applications. A rugged ball-and-spring detent definitely lo
cates each of the eleven switch positions. A skirted, bar type of control
knob and an etched dial plate are supplied with each decade unit.
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TYPE 829 Decade Attenuator Units
are designed for 600-ohm circuits. They
are available in both T and balanced-H
types and attenuation ranges of 1 db,
10 db, and 100 db. It is possible to use
one side of any of the balanced-H atten
uators as aT-type 300-ohm attenuator.

Also available are two non-symmet
rical or tapered impedance-adjusting
networks, one a T and the other a bal
anced-H. These tapered units are de
signed for matching 600 ohms to 30, 50,
75, 150, or 600 ohms (in either direction)
with the minimum integral number of
db insertion loss.

To obtain a wide range of adjustable
attenuation in a single compact instru
ment, assemblies of two or three TYPE
829 Decade Attenuator Units have been
mounted in cabinets to constitute the
series of TYPE 1450 Decade Attenuators.
These instruments are especially useful
for precise power level measurements,
transmission efficiency tests, gain or loss
measurements on transformers, filters,
amplifiers, and similar equipment, and
for calibrating other attenuators.

Low-Frequency or D-C Precision

Of prime importance in a precision
attenuator is the accuracy of its low
frequency, or d-c, calibration. The in
dividual resistors in these attenuators
are all calibrated to be within ±74'% of
the theoretical values necessary to intro
duce the nominal value of attenuation
when terminated with the nominal re
sistive load, 600 + jO. It can be shown
that a 1% error in a single series resistor
cannot produce more than a 0.25% de
viation in the nominal db attenuation
and more than a 0.5% deviation in the
input impedance. Likewise, a 1% error
in a single shunt resistor will produce a
0.5% deviation (or less) in the nominal
db attenuation and not over a 0.343%

2

deviation in the input impedance. Con
sequently, with a random distribution of
positive and negative deviations of 74'%
or less, the d-c error in attenuation will
be well within 1%.

The zero setting resistance (switches,
etc.) of one of these decade units is less
than 0.15 ohm. This value gives a "zero
attenuation" of 0.0011 db and augments
the nominal value of any attenuator set
ting by the same amount.

Frequency Error
in a Series of T-Pads

As the operating frequency is in
creased from a low value of a few kilo
cycles, the d-c errors of any adjustable
attenuator become augmented by fre
quency discrimination errors due to the
existence of small residual capacitances
in the windings of the resistors. Residual
inductances are significant only above
the operating range of these TYPE 829
Attenuators.

Figure 2A shows the two switches and
three resistor elements comprising a
single T-pad. The blades of these
switches constitute a rather large "ex
posure" of metal surfaces, as symbolized
by the two large dots in Figure 2B

Figure 3 shows a series of three T-pads
with no individual shielding. It will be
seen that direct capacitance from A to
C by-passes pads 1 and 2; direct capac
itance from B to D by-passes pads 2 and
3; while direct capacitance from A to D
by-passes pads 1, 2, and 3. The frequency
discrimination produced thereby can be
eliminated by enclosing each pad, with
its switches, in a shielded compartment
which is tied to the common side of the
transmission line, as in Figure 4.

However, each individual pad is still
by-passed by the direct capacitance be
tween its input and output switches.
This frequency discrimination, in turn,



3 DECEMBER, 1949
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Figure 3. High-frequency cross-talk in a series of
T-pads without shields.

Dc
®

B

CD
A

Figure 2. Elements of aT-pad, u and v series ele
ments, w shunt element.

into a type C characteristic by deliber
ately adding the proper small value of
capacitance across the shunt resistor.
Likewise a B-type curve can be compen
sated into a D-type characteristic by
adding suitable small capacitance across
each of the series resistors. In either
case, the attenuation of the compensated
pad will be "flatter" to higher frequency

t__...

can be eliminated by building each pad
in a bisected shielded compartment as
indicated in Figure 5. Reference to
Figure 6 will show that the only capaci
tances left to affect the high-frequency
attenuation of a given pad having bi
sected shielding are the following un
avoidable items:

(a) Distributed capacitance, Cl , of
each series resistor.

(b) Distributed capacitance, C2, of
the shunt resistor.

(c) Direct capacitance, Ca, of each
switch to the shield.

Actually, C2 includes the body capaci
tance between the shield and the mid
tap portions of the series resistors, while
Ca includes the body capacitance be
tween the shield and the switch portions
of the series resistors.

The effect of Cl will be more important
in the high-attenuation pads, while that
of C2 will be more important in the low
attenuation pads.

D

c

ASCale
Arbllror

f
Figure 7. Extension of high frequency range by

compensation.

B

db
Attenua110n

Figure 6. Unavoidable residual capacitances,
T-pad with bisected shield.

Figure 5. T-pads in bisected shield compartments.

Figure 4. T-pads in single shield compartments.

Compensation of aT-Pad
Enclosed in a Bisected Shield

With increasing frequency, the exist
ence of the series capacitances, Cl , alone
would reduce the impedance of the
series elements and thereby reduce the
attenuation progressively, giving the
drooping characteristic A in Figure 7.
On the other hand, the shunt capaci
tances, C2 and Ca, alone would give the
rising characteristic B. With the coex
istence of all three capacitances, Cll C2,

and Ca, these two effects tend to cancel,
producing a net characteristic which is
flatter to a higher frequency. Ultimately,
however, either Cl will predominate giv
ing an A-type curve, or C2 and Ca will
predominate giving a B-type character
istic. In all cases the input impedance
will be lowered.

An A-type curve can be compensated
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values although the compensation can
only be perfect at a certain critical fre
quency 1'.

This compensating procedure is prac
tical only in the range of increasing fre
quency where the transmission charac
teristic of a non-compensated pad first
departs either upwards or downwards.
At still higher frequencies, resonance
effects due to small residual inductances
produce complicated and rather erratic
variations of the transmis ion character
istics. It should be borne in mind that
the frequency characteristic of an atten
uator network is modified by the exist
ence of any reactance in the output load.
To obtain maximum precision of the
nominal db values, the load should
retain its nominal, purely resistive im
pedance up to the highest operating
frequency.

Results Obtained

By applying compensation when
needed to the TYPE 829-TA, -TB, and
-TC Units, residual db errors lying within
the shaded area shown in Figure 9 were
obtained. These data are in terms of
their attenuation at low frequencies
(100 cycles per second) and, hence, are
exclusive of any d-c errors. Positive
errors indicate that the actual atten
uation at the specified frequency ex
ceeded the d-c value and vice versa. The
error of observation was 0.03 db.

It will be seen that, up to frequencies
in excess of one megacycle, the db fre
quency error in attenuation for any
setting of these three T-type attenuator
units, used individually, does not ex-

r------ --- --------,
IN I 1 I
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C I Ie

I tv' tv'1
12 21
I 1r------- ----- --- -----j

Fioolong I ¥' f I
'5hoeld_1 I

I I
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.2,------,-------,-----,-,----,-----,
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'<,':-,--~Q2;-----:O.4:-----;;';:--=--:':------!:
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Figure 9. Maximum limits of frequency discrimina
tion in campensated Type 829-TA, -TB, -Te Units.

ceed 1% of its nominal attenuation
value. When two or three of these units
are cascaded (in the TYPE 1450 Decade
Attenuators), a 1% frequency discrim
ination is limited to 200 kilocycles for
absolute db values, but approaches one
megacycle for incremental changes.

The Balanced-H Units

Figure 8 indicates how a balanced-H
pad is assembled in a bisected shield
compartment in such a manner as to
eliminate direct capacitance between
input and output switches. Each pad
contains a pair of series resistors on each
side of the transmission line. The shunt
re istor consists of two equal units
joined in series and having their common
junction attached to the C line of the
system. For convenience, both hunt
elements are in the same compartment,
which is not detrimental. 0 point in the
ystem is connected to the shield. Cross

talk between the everal pad can be
totally eliminated if the e H units can
be used with the C line grounded to the
shield.

This pad will also possess residual
capacitances, analogous to those de
picted in Figure 6, which affect its high
frequency characteristic in the manner
discussed previously. Compensation is
not practical here ince these balanced-H
units, under different conditions, may

Figure 8. Balanced H-pad in a bisected shield
compartment.
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SPECIFICATIONS

PriceCode Word

Figure 10. (Left) Type 829-HT Decade Attenuator
Unit (tapered model) and (right) typical internal
construction of the Type 829 Decade Attenuatar

Units.

Frequency Discrimination: Less than ±1 % of the
indicated value:

At 1 Mc for the TA, TB, and TC units.
At 200-500 kc for the HA, HB, HC, TT, and

HT units.
Type of Section: Both balanced-H and T-type
sections are available.
Type of Winding: All resistance elements use
Ayrton-Perry windings except the shunt ele
ments of 829-HA and 829-TA, which are uni-
filar cylindrical windings. Where necessary,
re istors are capacitance-compensated.
Switches: Cam-type switches are used with
twelve positions covering 360°. The dials are
numbered from "0" to "10" inclusive (except
on tapered models) and the twelfth point is also
connected to "0." No tops are provided in the
switch mechanism to prevent complete rotar
tion, but spacers, which are provided, can be
used under the mounting screws to act as stops
for the knob.

Type of SectionRange

-HORATIO W. LAMSON

Type

be u ed with the shield either floating or
tied to the common line. The required
compensation would be quite different
in these two cases. However, the e units
will retain their nominal db values within
1% up to frequencies from 200 to 500
kilocycles, subject to a balanced resistive
load 300 + jO on each side of the com
mon line.

FOR TYPE 829 DECADE ATTENUATOR UNITS

Attenuation Range: Three decade ranges are
listed in the price table below. The two tapered
units, TYPES 829-HT and 829-TT, introduce
an exact insertion 10 ,as follows:

Matching 6000 I 1501l I 751l I 5O1l I 300
Ratio to 6000 to 6000 to 6O01l to 6000 to 600lJ

Attenuation Oib J2dj) I51h l7(lj) 20ih
Characteristic Impedance: 600 ohms both direc
tions except for the tapered units, which are
600 ohms in one direction and either 30, 50, 75,
150, or 600 ohms in the other direction to ac
commodate microphones, coaxial lines, high
fidelity telephone lines, etc. Either end can be
used as input.
Accuracy: Each individual resistor is adjusted
within ±0.25% of its correct value. The low
frequency error in attenuation is less than
±1% of the indicated value, provided the unit
is terminated by the nominal value of pure
resistance. Impedance matching within ±0.5%
will exist.
Input Power: Based on I-watt di ipation in any
single resi tor, the maximum RMS values of
input voltage are as follows:
Load Resistance 600 0 co 0
TYPE 829-TA 117 volts 114 volts 3.8 volts
TYPE 829-TB 46 39 11.7
TYPE 829-TC 25 25 25
TYPE 829-HA 83* 80* 2.6*
TYPE 829-HB 32* 28* 8.3*
TYPE 829-HC 18* 18* 18*
Input Impedance TYPE 829-TT TYPE 829-HT

3011 5.9 4.1 *
50 7.4 5.2*
75 9.0 6.4*

150 13.4 9.5*
600 25 17.5*

* Voltages across each side of balanced input.

829-HA ldb in steps of 0.1 db•••....... Balanced-H TENUTORHAG $125.00
829-HB 10 db in steps of 1 db .••••••.• Balanced-H TENUTORHUB 118.00
829-HC 100 db in steps of 10 db ....••• Balanced-H TENUTORHIC 110.00
829-HT (See Specifications abovel ....•• Balanced-H TENUTORHUT 120.00
829-TA 1 db in steps of 0.1 db ...•..... T TENUTORTAD 85.00
829-TB 10 db in steps of 1 db ...••••.. T TENUTORTUB 80.00
829-TC 100 db in steps of 10 db •...•.• T TENUTORTIC 80.00
829-TT (See Specifications abovel ..••.• T TENUTORTOT 70.00
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Terminals: External input and output soldering
terminals on opposite ends; common terminal of
T units grounded to chassis; common terminal
of H units not grounded.
Mounting: The resistors and switches are housed
in compartments of an aluminum casting, which

6

is enclosed by aluminum covers. A dial and
knob are furnished, and decades may be panel
mounted from one end by three mounting
screws which are provided.
Dimensions: 3Ys x 3Ys inches, extending 972
inches back of panel. Net Weight: 3~ pounds

SPECIFICATIONS
TYPE 1450 DECADE ATTENUATORS

Attenuation Range: 110 or 111 decibels in steps Switches: See TYPE 829. Stops are provided on
of 1 or 0.1 decibel, respectively. the highest decade only (10 db per step).
Terminal Impedance: 600 ohms in either direc- Mounting: The decade units are mounted on an
tion. ~ etched plate on the cabinet indicates aluminum panel in a metal cabinet. Each
t~e ~smatch loss for other than 600-ohm decade is individually shielded, and all shields
ClrcUlts. are connected to the panel and the "G"
Accuracy: Each individual resistor is adjusted terminal. Relay-rack mounting is available at
within ±0.25% of its correct value. The low an additional charge on special order.
f±relq~encr tehrro~ di~ attdtenualation is l~dssdthtanhe Terminals: Jack-top binding posts with %-inch

/0 0 e m ca e vue, proVl e '. t' al fT'
attenuator is terminated by a pure resistance spacmg, .common ermm .0 UlutS grounded
of 600 ohms. Input impedance will lie within to chasSIS; common termmal of H umts not
the limits 600 ±3 ohms. grounded.
Frequency Discrimination: Less than ±1% of the Dimens.ions: 1450-HA and 1450-TA, 10 x 5% x
indicated value at frequencies below 200 kc. 12~ mches overall; 1450-HB and 1450-TB,
Maximum Input Power: Determined by the high- 12 x 5% x 12~ inches overall.
est valued decad~ in circuit. See specifications Net Weight: 1450-HA and 1450-TA, 10% pounds;
for TYPE 829 Umts. 1450-HB and 1450-TB, 1572 pounds.

Type Range Impedance Type of Section Code Word Price

1450-HA
1450-TA
1450-HB
1450-TB

110 db in steps of 1 db .
110 db in steps of 1 db .
111 db in steps of 0.1 db .
111 db in steps of 0.1 db .

600 ohms
600 ohms
600 ohms
600 ohms

Balanced-H
T

Balanced-H
T

NETWORKHAT
NETWORKTAM
NETWORKHUB
NETWORKTUB

$245.00
180.00
370.00
265.00

AN ACOUSTIC CALIBRATOR
FOR THE SOUND-LEVEL METER

The increasing use of the TYPE 759-B
ound-Level Meter for quantitative

measurements in acceptance tests on

industrial machinery and consumer ap
pliances has made it desirable to have
a simple acoustic device for making an
over-all check of the calibration. Al
though a check on the calibration of
the electrical circuits is provided in the
sound-level meter, the long-time stabil
ity of the microphone calibration be
comes important when the meter is
continually used to check compliance
with test specifications for noise.

The General Radio TYPE 1552-A
Sound-Level Calibrator was developed
in response to a number of requests for
a simple and convenient means for mak
ing this acoustic check. The calibrator,

Figure 1. View of Type 1552-A Sound-leve
Calibrator in operating position on microphone

of Type 759-B Sound-Level Meter.
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Figure 2. Electrical circuit (left) and equivalent

circuit (right) of the Sound-level Calibrator.

illustrated in Figure 1, comprises a small,
stabilized and rugged loudspeaker
mounted in an enclosure which fits over
the microphone of the sound-level meter.
The chamber is so designed that the
acoustic coupling between loudspeaker
and microphone is fixed and can readily
be repeated. The level is high enough so
that readings are unaffected by normal
background noises.

The calibrator can be operated from
any audio oscillator having reasonably
good wave-form (harmonic content
should be 5% or less) and capable of
supplying 2 volts at 400 cycles across an
impedance of 1 J,lf in parallel with 2000
ohms. Most users will find that they
have available a suitable audio oscillator
and a voltmeter for use with the cali
brator. While 2.0 volts at 400 cycles is
the condition under which the nameplate
calibration holds, the calibrator is usable
over moderate ranges of voltage and
frequency as illustrated in Figure 4.

The TYPE 723-B Oscillator and the
TYPE 727-A Vacuum-Tube Voltmeter
are satisfactory battery-operated acces
sories. With this combination, a poten
tiometer, such as the TYPE 301-A, 500
ohms, is necessary, since no
output control is provided
on the oscillator.

The electrical circuit of
the TYPE 1552-A Calibrator
is shown at the left in Figure
2. A representative input
impedance at 400 cycles is

(left) Figure 3. Cross section of the
calibrator. (Right) Figure 4. Varia
tion of calibrator output with voltage

and frequency.
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Figure 5. Calibrating a sound-level meter with
the sound-level calibrator. A Type 723-8 Oscil
lator and Type 727-A Vacuum-Tube Voltmeter

provide the standard 400-cycle voltage.

that of a l.0 J,lf condenser in parallel with
a 2000-ohm resistor as shown at the right
in Figure 2. The condenser C of Figure 2
is used to minimize the effects of harmon
ics in the 400-cycle source, and the re
sistor R is chosen to adjust the output
of the loudspeaker to the correct level.

A cross-section drawing is shown in
Figure 3. The cylindrical case forms a
chamber at the rear of the speaker unit.
The skirt of the case extends down over
the microphone under test, so that back
ground noises and lateral positioning of
the calibrator are not critical. Three
spacers inside the case rest on the micro
phone, so that the loudspeaker is always
located at the correct distance from the
diaphragm of the microphone.
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The calibrator was .designed primarily
for use with the Shure Brothers Type
9898 microphone used on the TYPE
759-B Sound-Level Meter. It can be
used, however, on other microphones
such as the Brush BR2S Sound Cell
Microphone and the Western Electric
Type 633-A Dynamic Microphone. The
calibration of sound-level meters using
other than the Shure Brothers Type
9898 microphone can be checked with
the TYPE 1552-A Calibrator, but the
correct sound-level reading will not nec
essarily be that on the calibrator name
plate. For example, the nominal levels
for the two General Radio Sound-Level
Meters are listed in Table I.

TABLE I
Microphone Sound-Level Meter db Reading

Shure 9898 Type 759-B 85
Brush BR2S Type 759-A 72.5

With the TYPE 1552-A Sound-Level
Calibrator as an accessory, the scope
and usefulness of the TYPE 759-B Sound
Level Meter will be improved. If the
sound-level meter is being used in a
prolonged series of tests, the calibrator
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will serve as a periodic monitor of over
all calibration. This will prevent small
changes in sensitivity from passing un
noticed and, even more important, will
show up a damaged microphone before
much useless data have been taken. The
use of the calibrator will not, in general,
improve the absolute accuracy of the
sound-level meter, but it should prove
to be a valuable aid in assuring con
stancy of calibration throughout a period
of measurements or between groups of
measurements which may be separated
not only in time but in distance. Should
a question of absolute calibration arise,
it would prove much quicker and less
expensive to obtain a check on the valid
ity of the calibrator than it would be to
return the sound-level meter to the
factory for recalibration.

Many organizations are using two or
more sound-level meters. Intercompari
son of sound-level meters, using the cali
brator, is a simple and straightforward
operation which can be performed at
any time.

-E. E. GROSS

SPECIFICATIONS

Price

Input: 2.0 volts, 400 cycles (harmonic content
of the oscillator must not exceed 5%).
Output: When in position on the microphone of
the TYPE 759-B Sound-Level Meter, the cali
brator produces a sound pressure of 85 ± 1 db
(above a reference level of 0.0002 microbars,
i.e., 0.0002 dynes per square centimeter) at the
microphone diaphragm.

Type

Terminals: Input terminals are two General
Radio TYPE 938-W Binding Posts.
Accessories Required: 400-cycle oscillator with
output control, and vacuum-tube voltmeter.
Dimensions: (Length) 472 x (diameter) 272
inches, overall.
Net Weight: 1072 ounces.

Code Word

1552-A I Sound-Level Calibrator •............................. 1 NATrY $45.00

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

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

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YaH

90 WEST STREET
TEL.-WOrth 2·5831

LOS ANGELES 38, CALIFORNIA
1000 NORT H SEWARO STREET

TEL.-HOllywood 9·6201

CHICAGO 5, ILLINOIS
920 SOUTH MICH IGAN AVENUE

TEL.-WAbash 2·3820


