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Accuracy Considerations in the Use of Tuned-Circuit Wavemeters
Charles E. Worthen (August, 1930)

Amplifier, Audio for the Laboratory, An
Arthur E. Thiessen (April, 1930)

Amplifier Design, Direct-Current
Charles E. Worthen (June, 1929)

Amplifiers, Gain in and Other Networks
Arthur E. Thiessen (December, 1929)

Amplifiers, Production Testing of Audio-Frequency
Arthur E. Thiessen (June, 1929)

Arguimbau, L. B.
Low-Frequency Oscillator, A (October, 1929)

Stroboscopic Frequency Meter, A (November, 1930)

Attenuation Measurements on Telephone and Telegraph Lines
J. W. Horton (February, 1931)

Audio Amplifier for the Laboratory, An
Arthur E. Thiessen (April, 1930)

Audio Frequencies, a Rectifier-type Meter for Power Output
Measurements at
John D. Crawford (July-August, 1929)

Audio Oscillator, a Tuning-Fork
Charles E. Worthen (April, 1930)

Beat-Frequency Oscillators
Charles T. Burke (May, 1931)

Bousquet, A. G.
Uses for Plugs and Jacks in the Laboratory (December,
1930)

Broadcast Transmitters, Modulation Measurements on
: W. N. Tuttle (March, 1931)
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Burke, Charles T.
Beat-Frequency Oscillators (May, 1931)

General Order 106 (April, 1931)

Importance of Mutual Conductance in Testing Vacuum
Tubes, The (July-August, 1929)

Radio-Frequency Driver for the Service Laboratory, A
(September, 1929)

Simplified Sensitivity Measurements for the Radio
Service Man (August, 1930)

Standard-Signal Method of Measuring Receiver Char-
acteristics, The (March, 1930)

Camera, Continuous-Film for the Oscillograph, A
Horatio W. Lamson (April, 1931)

Capacitance Bridge, An Equal-Arm
Robert F. Field (January, 1930)

Cardiotachometer
Unsigned (February, 1931)

Clapp, Jemes K.
Frequency Stability of Piezo-Electric Monitors, The
(October, 1930) (November, 1930)

Improving the Precision of Setting in a Tuned-Circuit
Wavemeter (September, 1929)

Simplified Inductance Calculations (February, 1931)

Clocks, Synchronous Motor-Driven
Harold S. Wilkins (October, 1930)

Commnication Circuits, Notes on Power Measurement in
John D. Crawford (October, 1929) (November, 1929)

Condensers, Straight-Line Wavelength, Straight-Line Frequency,
and Straight-Line Capacitance
John D. Crawford (March, 1930)

Continuous-Film Camere for the Oscillograph, A
Horatio W. Lamson (April, 1931)

Continuous Recording of Pulse Rates, The
Horatio W. Lamson (July, 1930)

Crawford, John D.
Notes on Power Measurement in Communication Circuits
(October, 1929) (November, 1929)




Crawford, John D. (Cont'd.)
Precision Frequency Measurements (March, 1931)

Rectifier-Type Meter for Power Output Measurements
at Audio Frequencies, A (July-August, 1929)

Straight-Line Wavelength, Straight-Line Frequency,
and Straight-Line Capacitance Condensers (March, 1930)

Useful Secondary Frequency Standard, A (April, 1931)

Direct-Current Amplifier Design
Charles E. Worthen (June, 1929)

Dynatron, The
Charles E. Worthen (May, 1930)

Electrical Communication, Television: A Comparison with Other
Kinds of
J. W. Horton (December, 1929)

Electrically-Driven Tuning Forks
Horatio W. Lamson (September, 1930)

Electron Oscillations
Eduard Karplus (May, 1931)

Equal-Arm Capacitance Bridge, An
Robert F. Field (January, 1930)

Fader, How and Why the
Horatio W. Lamson (July-August, 1929)

Field, Robert F.
Equal-Arm Capacitance Bridge, An (January, 1930)

Field-Intensity Measurements (Jenuary, 1931)

Field-Intensity Measurements
Robert F. Field (January, 1931)

Frequency Meter, a Stroboscopic
L. B. Arguimbau (November, 1930)

Frequency Stability of Piezo-Electric Monitors, The
James K. Clapp (October, 1930) (November, 1930)

Frequency Standard, a Useful Secondary
John D. Crawford (April, 1931)

Gain in Amplifiers and Other Networks
Arthur E. Thiessen (December, 1929
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General Order 106
Charles T. Burke (April, 1931)

Horton, J. W.
Attenuation Measurements on Telephone and Telegraph
Lines (February, 1931)

New Home of the Engineering Department, The (December,
1930)

Television: A Comparison with Other Kinds of Elec-
trical Communication (December, 1929)

How and Why the Fader
Horatio W. Lamson (July-August, 1929)

Importance of Mutual Conductance in Testing Vacuum Tubes, The
Charles T. Burke (July-August, 1929)

Improving the Precision of Setting in a Tuned-Circuit Wavemeter
James K. Clapp (September, 1929)

Inductance Calculations, Simplified
James K. Clapp (February, 1931)

Karplus, Eduard
Electron Oscillations (May, 1931)

Lamson, Horatio W.
Continuous-Film Camera for the Oscillograph, A
(April, 1931)
Continuous Recording of Pulse Rates, The (July, 1930)
Electrically-Driven Tuning Forks (September, 1930)
How and Why the Fader (July-August, 1929)

Low-Frequency Oscillator, A
L. B. Arguimbau (October, 1929)

Measurement, Notes on Power in Communication Circuits
John D. Crawford (October, 1929) (November, 1929)

Measurements, Attenuation on Telephone and Telegraph Lines
J. W. Horton (February, 1931)

Measurements, Field-Intensity
Robert F. Field (January, 1931)

Measurements, Modulation on Broadcast Transmitters
W. N. Tuttle (March, 1931)
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Measurements, Precision Frequency
John D. Crawford (March, 1931)

Measurements, a Rectifier-Type Meter for Power Output at Audio
Frequencies
John D. Crawford (July-August, 1929)

Measurements, Simplified Sensitivity for the Radio Service Man
Charles T. Burke (August, 1930)

Measuring Receiver Characteristics, the Standard-Signal Method of
Charles T. Burke (March, 1930)

Modulation Measurements on Broadcast Transmitters
W. N. Tuttle (March, 1931)

Monitors, the Frequency Stability of Piezo-Electric
James K. Clapp (October, 1930) (November, 1930)

Mutual Conductance, the Importance of in Testing Vacuum Tubes
Charles T. Burke (July-August, 1929)

Networks, Gain in Amplifiers and Other
Arthur E. Thiessen (December, 1929)

New Home of the Engineering Department, The
J. W. Horton (December, 1930)

New Testing Instruments for the Radio Service Laboratory
Unsigned (June, 1929)

Non-Polar Relay, A
Unsigned (November, 1929)

Notes on Power Measurement in Communication Circuits
John D. Crawford (October, 1929) (November, 1929)

Oscillator, a Low-Frequency
L. B. Arguimbau (October, 1929)

Oscillator, a Tuning Fork Audio
Charles E. Worthen (April, 1930)

Oscillators, Beet-Frequency
Charles T. Burke (May, 1931)

Oscillators, Temperature Control for Piezo-Electric
Unsigned (November, 1929)

Oscillograph, a Continuous-Film Camera for the
Horatio W. Lemson (April, 1931)
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Piezo-Electric Monitors, the Frequency Stability of
Jemes K. Clapp (October, 1930) (Noverber, 1930)

Piezo-Electric Oscillators, Temperature Control for
Unsigned (November, 1929)

Piezo-Electric Quartz Plates
Charles E. Worthen (February, 1930)

Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Precision Frequency Measurements
John D. Crawford (March, 1931)

Precision Wavemeter
Unsigned (February, 1931)

Production Testing of Audio-Frequency Amplifiers
Arthur E. Thiessen (June, 1929)

Radio-Frequency Driver for the Service Laboratory, A
Charles T. Burke (September, 1929)

Radio Service Laboratory, New Testing Instruments for the
Unsigned (June, 1929)

Receiver Characteristics, the Standard-Signal Method of Mesas-
uring
Charles T. Burke (March, 1930)

Rectifier-type Meter for Power Output Measurements at Audio
Frequencies, A
John D. Crawford (July-August, 1929)

Relay, a Non-Polar
Unsigned (November, 1929)

Service Laboratory, a Radio-Frequency Driver for the
Charles T. Burke (September, 1929)

Service Man, Simplified Sensitivity Measurements for the Radio
Charles T. Burke (August, 1930)

Simplified Inductance Calculations
James K. Clapp (February, 1931)

Simplified Sensitivity Measurements for the Radio Service Man
Charles T. Burke (August, 1930)

Standard-Signal Method of Measuring Receiver Characteristics,
The
fharlas T Rurlka (liavnh “1ER0)



Streight-Line Wavelength, Straight-Line Frequency, and
Straight-Line Capacitance Condensers
John D. Crawford {(March, 1930)

Stroboscopic Frequency Meter, A
L. B. Arguimbau (November, 1930)

Superheterodyne
Unsigned (February, 1931)

Synchronous Motor-Driven Clocks
Harold S. Wilkins (October, 1930)

Telephone and Telegraph Lines, Attenuation Measurements on
J. W. Horton (February, 1931)

Television: A Comparison with Other Kinds of Electrical Com-
munication
J. W. Horton (December, 1929)

Temperature Control for Piezo-Electric Oscillators
Unsigned (November, 1929)

Thermocouples
Unsigned (May, 1931)

Thiessen, Arthur E.
Audio Amplifier for the Laboratory, An (April, 1930)

Gain in Amplifiers and Other Networks (December, 1929)

Production Testing of Audio-Frequency Amplifiers
(June, 1929)

Uses of Power-Level Indicators (May, 1930)

Tuned-Circuit Wavemeters, Accuracy Considerations in the Use of
Charles E. Worthen (August, 1930)

Tuning-Fork Audio Oscillator, A
Charles E. Worthen (April, 1930)

Tuning-Forks, Electrically-Driven
Horatio W. Lamson (September, 1930)

Tuttle, W. N.
Modulation Measurements on Broadcast Transmitters
(March, 1931)

Useful Secondary Frequency Standard, A
John D. Crawford (April, 1931)
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Uses for Plugs and Jacks in the Laboratory
A. G. Bousquet (December, 1930)

Uses of Power-Level Indicators
Arthur E. Thiessen (May, 1930)

Volume Controls
Unsigned (Fetruary, 1931)

Wavemeter, Improving the Precision of Setting in a Tuned-Circuit
Jemes K. Clapp (September, 1929)

Wavemeter, Precision
Unsigned (February, 1931)

Wavemeters, Accuracy Considerations in the Use of Tuned-Circuit
Charles E. Worthen (August, 1930)

We Celebrate a Birthday
Unsigned (June, 1930)

Wilkins; Harold S.
Synchronous Motor-Driven Clocks (October, 1930)

Worthen, Charles E.
Accuracy Considerations in the Use of Tuned-Circuit
Wavemeters (August, 1930)
Direct-Current Amplifier Design (June, 1929)
Dynatron, The (May, 1930)
Piezo-Electric Quartz Plates (February, 1930)

Tuning-Fork Audio Oscillator, A (April, 1930)
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TO GENERAL RADIO EXPERIMENTER
Volumes VI and VI, June, 1931, through May, 1933

INDEX BY TITLE

Airplane Beacons (July, 1931)

Amateur, A Combination Monitor and Fre-
quency Meter for the (January, 1933)

Amateur Crystal Holder (September, 1932)

Amateur Phone, 100% Modulation for the
(M. C. Hobart: February, 1932)

Amateur Phone Transmitters, The “Class B”
Modulator for (January, 1932)

Amplifier, A Booster, for 500-Ohm Lines
(H. H. Scott: September, 1932)

Amplifier, A Stable Laboratory (C. T.
Burke: October, 1931)

An A.C Power Supply for Broadcast Fre-
quency Monitors (April-May, 1933)

An Output Transformer for the New 2A3
Tubes (H. H. Scott: April-May, 1933)

Assembly Line, Testing Radio Receivers on
the (A. E. Thiessen: April, 1932)

Automotive Research (Chrysler), Using the
Edgerton Stroboscope in (April-May,
1933)

Auto Show, The Edgerton Stroboscope at
the New York (February, 1933)

Band-Spread Condenser, A Two-Section
(April-May, 1933)

Beacons, Airplane (July, 1931)

Beat-Frequency Oscillator, A New (C. T.
Burke: May, 1932)

Best Sellers (July, 1931)

Booster Amplifier for 500-Ohm Lines, A (H.
H. Scott: September, 1932)

Bridge, A Universal (R. F. Field: January,
1932)

Bridge Measurements at High Frequencies
(October, 1932)

Bridge Measurements, Eliminating Har-
monics in (R. F. Field: December, 1931)
Bridge Measurements, Variable Inductors

for (C. T. Burke: June, 1932)

Bridge Methods for Measurements at Radio
Frequencies (C. T. Burke: July, 1932)
Bridge, The Skeleton-Type Impedance (R.

F. Field: April-May, 1933)

Bridge, Tyepe 216 Capacity (September,
1931)

Bridge-Type Frequency Meter, A (R. F.
Field: November, 1931)

Bridge Work (July, 1931)

Broadcast Frequency Monitors, An A-C
Power Supply for (April-May, 1933)

C, R, and L, The Convenient Measurement
of (R. F. Field: April-May, 1933)

Calibrated Voltage Divider, The (J. D.
Crawford: July, 1931)

Camera Oscillograph, A Self-Developing (H.
H. Scott: January, 1932)

Capacity Bridge, Type 216 (September,
1931)

Cathode-Ray Oscillograph, A Linear Time
Axis for the (H. H. Scott: May, 1932)

Cathode-Ray Oscillograph, Waveform Stud-
ies with the (H. H. Scott: June, 1932)

Characteristies, Frequency (R. F. Field: Feb-
ruary, 1932)

Chronograph, Some Uses for a Precision (H.
W. Lamson: September, 1931)

“Class B” Modulator for Amateur Phone
Transmitters, The (January, 1932)

Coil Form, A New (January, 1933)

Combination Monitor and Frequency Meter
for the Amateur, A (January, 1933)

Commerecial Noise Measurement (H. H.
Scott: Mareh, 1933)

Condenser, A High-Voltage Two-Section
(March, 1933)

Condenser, A Two-Section Band-Spread
(April-May, 1933)

Condensers, Recent Developments in Mica
(A. E. Thiessen: January, 1933)

Control in Voice Circuits, Volume (A. E.
Thiessen: June, 1931)

Controls for Dynamic and Ribbon Micro-
phones, Mixer (A. E. Thiessen: February,
1933)

Crystal Holder, Amateur (September, 1932)

Crystal, Leaning More Heavily on the (J. D.
Crawford: April, 1932)
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Decade-Switch Units, Convenient
Scott: December, 1931)

Developments in Mica Condensers, Recent
(A. E. Thiessen: January, 1933)

Developments, Miscellaneous Recent (May,
1932)

Deviation Indicator for Transmitters, A Fre-
quency (January, 1932)

Dial Plates (April-May, 1933)

Dials, New Precision (January, 1933)

Direct Measurements of Harmonic Distor-
tion (W. N. Tuttle: November, 1931)

Direct-Reading Meter for Power and Im-
pedance Measurements, A (November,
1932)

Distance, The Possibility of Using a Stand-
ard-Frequency Assembly to Measure (J.
D. Crawford: March, 1932)

Distortion, Direct Measurements of Har-
monic (W. N. Tuttle: November, 1931)
Duplex Siphon Recorder, A (H. W. Lam-

son: February, 1932)

Dynamic and Ribbon Microphones, Mixer
Controls for (A. E. Thiessen: February,
1933)

Edgerton Stroboscope at the New York Auto
Show, The (February, 1933)

Edgerton Stroboscope in Automotive Re-
search (Chrysler), Using the (April-May,
1933)

Eliminating Harmonics in Bridge Measure-
ments (R. F. Field: December, 1931)

Experiment, The Michelson Velocity of
Light (E. C. Nichols, Department of In-
strument Design, Mount Wilson Observa-
tory: March, 1932)

500-Ohm Lines, A Booster Amplifier for
(H. H. Scott: September, 1932)

Five-Meter Transmitter, A (R. L. Tedesco:
October, 1931)

Frequency Characteristics (R. F. Field: Feb-
ruary, 1932)

Frequency Deviation Indicator for Trans-
mitters, A (January, 1932)

Frequency Meter, A Bridge-Type (R. F.
Field: November, 1931)

Frequency Meter for the Amateur, A Combi-
nation Monitor and (January, 1933)

Frequency Stability with the Screen-Grid
Tube (C. E. Worthen: August, 1932)

Gain Control, A 200,000-Ohm (A. E. Thies-
sen: May, 1932)

Generator for the New Receiver Tests, A
(A. E. Thiessen: November, 1932)
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Grounds, Wagner (September, 1931)
Harmonic Distortion, Direct Measurements
of (W. N. Tuttle: November, 1931)

Harmonics in Bridge Measurements, Elimi-
nating (R. F. Field: December, 1931)

Heterodyne, A Laboratory (October, 1932)

Heterodyne-Frequency Meter, A Portable
(August, 1932)

High Frequencies, Bridge Measurements at
(October, 1932)

High-Frequency Bands, Receiver Testing in
the Ultra (E. Karplus: February, 1933)

High-Voltage Two-Section Condenser, A
(March, 1933)

Holder, Amateur Crystal (September, 1932)

Impedance Bridge, The Skeleton-Type (R.
F. Field: April-May, 1933)

Impedance Measurements, A Direct-Reading
Meter for Power and (November, 1932)
Inductors for Bridge Measurements, Vari-

able (C. T. Burke: June, 1932)

Inexpensive Noise-Measuring Equipment (H.
H. Scott: September, 1932)

Instruments, New Measuring (May, 1932)

Insulator Assemblies, New Porcelain (Feb-
ruary, 1933)

Intensity Measurements with a Vacuum-Tube
Oscillator, Pitch and (A. E. Thiessen:
April-May, 1933)

Jacks, Large Size Plugs and (April-May,
1933)

Judging Meters (July, 1931)

Laboratory Heterodyne, A (October, 1932)

Large Size Plugs and Jacks (April-May,
1933)

Leaning More Heavily on the Crystal (J. D.
Crawford: April, 1932)

Light Experiment, The Michelson Velocity
of (E. C. Nichols, Department of Instru-
ment Design, Mount Wilson Observatory:
March, 1932)

Linear Time Axis for the Cathode-Ray Os-
cillograph, A (H. H. Scott: May, 1932)

Linearly Modulated Oscillator, A (L. B. Ar-
guimbau: August, 1931)

Manual Recorder, A (H. S. Wilkins: De-
cember, 1931)

Measurement, Commercial Noise (H. H.
Scott: March, 1933)

Measurement of C, R, and L, The Conven-
ient (R. F. Field: April-May, 1933)

Measurements, A Bridge for Vacuum-Tube
(W. N. Tuttle: May, 1932)
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Measurements, A Direct-Reading Meter for
Power and Impedance (November, 1932)
Measurements at Radio Frequencies, Bridge
Methods for (C. T. Burke: July, 1932)
Measurements, Bridge at High Frequencies

(October, 1932)

Measurements, Eliminating Harmonics in
Bridge (R. F. Field: December, 1931)

Measurements of Harmonic Distortion, Di-
rect (W. N. Tuttle: November, 1931)

Measurements, Telephone Transmission (A.
E. Thiessen: August, 1932)

Measurements with a Vacuum-Tube Oscilla-
tor, Pitch and Intensity (A. E. Thiessen:
April-May, 1933)

Measuring Instruments, New (May, 1932)

Measuring Pentodes with the Mutual-Con-
ductance Meter (H. H. Dawes: July, 1932)

Meter, A Bridge-Type Frequency (R. F.
Field: November, 1931)

Meter, A Portable Heterodyne-Frequency
(August, 1932)

Meter for Power and Impedance Measure-
ments, A Direct-Reading (November,
1932)

Meter with a Wide Impedance Range, A
Power (J. D. Crawford: May, 1932)

Meters, Judging (July, 1931)

Mica Condensers, Recent Developments in
(A. E. Thiessen: January, 1933)

Michelson Velocity of Light Experiment,
The (E. C. Nichols, Department of Instru-
ment Design, Mount Wilson Observatory:
March, 1932)

Microphones, Mixer Controls for Dynamic
and Ribbon: (A. E. Thiessen: February,
1933)

Miscellaneous Recent Developments
(May, 1932)

Mixer Circuits That Work (H. H. Scott:
March, 1933)

Mixer Controls for Dynamic and Ribbon
Microphones (A. E. Thiessen: February,
1933)

Modulated Oscillator, A Linearly (L. B.
Arguimbau: August, 1931)

Modulated Oscillator: A Radio-Frequency
Oscillator for the Laboratory (October,
1932)

Modulation for the Amateur Phone, 100%
(M. C. Hobart: February, 1932)

Modulator for Amateur Phone Transmitters,
The “Class B” (January, 1932)

Monitor and Frequency Meter for the Ama-
teur, A Combination (January, 1933)

Monitors, An A-C Power Supply for Broad-

cast Frequency (April-May, 1933)
Mounted Rheostat-Potentiometers
May, 1933)
Mutual-Conductance Meter, Measuring Pen-
todes with the (H. H. Dawes: July, 1932)
New Beat-Frequency Oscillator, A (C. T.
Burke: May, 1932)

New Coil Form, A (January, 1933)

New Measuring Instruments (May, 1932)

New Plug Group, A (October, 1932)

New Plug Group, A (November, 1932)

New Porcelain Insulator Assemblies (Feb-
ruary, 1933)

New Potentiometers, Two (March, 1932)

New Precision Dials (January, 1933)

New Rheostat-Potentiometers for Heavy
Duty Service, Two (February, 1933)

New 2A3 Tubes, An Output Transformer for
the (H. H. Scott: April-May, 1933)

New York Auto Show, The Edgerton Strob-
oscope at the (February, 1933)

Noise Measurement, Commercial (H. H.
Scott: March, 1933)

Noise-Measuring Equipment, Inexpensive
(H. H. Scott: September, 1932)

100% Modulation for the Amateur Phone
(M. C. Hobart: February, 1932)

Oscillator, A Linearly-Modulated (L. B. Ar-
guimbau: August, 1931)

Oscillator, A New Beat-Frequency (C. T.
Burke: May, 1932)

Oscillator for the Laboratory, A Radio-Fre-
quency (October, 1932)

Oscillator of Improved Stability, A Piezo-
Electric (J. K. Clapp: December, 1931)
Oscillator, Pitch and Intensity Measurements
with a Vacuum-Tube (A. E. Thiessen:

April-May, 1933)

Oscillograph, A Linear Time Axis for the
Cathode-Ray (H. H. Scott: May, 1932)
Oscillograph, A Self-Developing Camera (H.

H. Scott: January, 1932)
Oscillograph, Waveform Studies with the
Cathode-Ray (H. H. Scott: June, 1932)
Output Transformer for the New 2A3 Tubes,
An (H. H. Scott: April-May, 1933)

Pentodes with the Mutual-Conductance Me-
ter, Measuring (H. H. Dawes: July, 1932)

Phone, 100% Modulation for the Amateur
(M. C. Hobart: February, 1932)

Phone Transmitters, The “Class B” Modula-
tor for Amateur (January, 1932)

Piezo-Electric Oscillator Circuit, A New (J.
D. Crawford: April, 1932)

Piezo-Electric Oscillator of Improved Stabil-
ity, A (J. K. Clapp: December, 1931)

(April-
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Pitch and Intensity Measurements with a
Vacuum-Tube Oscillator (A. E. Thiessen:
April-May, 1933)

Plates, Dial (April-May, 1933)

Plug Group, A New (October, 1932)

Plug Group, A New (November, 1932)

Plugs and Jacks, Large Size (April-May,
1932)

Porcelain Insulator Assemblies, New (Feb-
ruary, 1933)

Portable Heterodyne-Frequency Meter, A
(August, 1932)

Potentiometers, Two New (March, 1932)
Power and Impedance Measurements, A Di-
rect-Reading Meter for (November 1932)
Power Meter with a Wide Impedance Range

A (J. D. Crawford: May, 1932)

Power Supply for Broadcast Frequency
Monitors, An A-C (April-May, 1933)

Precision and Speed with the New Standard-
Signal Generator (July, 1931)

Precision Chronograph, Some Uses for a
(H. W. Lamson: September, 1931)

Precision Dials, New (January, 1933)

Precision Resistors with a High Power
Rating (April-May, 1933)

Racks, Standard Relay (September, 1932)

Radio Frequencies, Bridge Methods for
Measurements at (C. T. Burke: July, 1932)

Radio-Frequency Oscillator for the Labora-
tory, A (October, 1932)

Radio Receivers on the Assembly Line, Test-
ing (A. E. Thiessen: April, 1932)

Radio, What’s New in (C. T. Burke: July,
1931)

Receiver Testing in the Ulira High-Fre-
quency Bands (E. Karplus: February,
1933)

Receiver Tests, A Signal Generator for the
New (A. E. Thiessen: November, 1932)
Receivers on the Assembly Line, Testing

Radio (A. E. Thiessen: April, 1932)

Recent Developments in Mica Condensers
(A. E. Thiessen: January, 1933)

Recent Developments, Miscellaneous (May,
1932)

Recorder, A Duplex Siphon (H. W. Lam-
son: February, 1932)

Recorder, A Manual (H. S. Wilkins: De-
cember, 1931)

Relay Racks, Standard (September, 1932)

Research (Chrysler), Using the Edgerton
Stroboscope in (April-May, 1933)

Resistance Boxes (November, 1931)

Resistors with a High Power Rating, Pre-
cision (April-May, 1933)
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Rheostat-Potentiometers for Heavy Duty
Service, Two New (February, 1933)

Rheostat-Potentiometers, Mounted (April-
May, 1933)

Ribbon Microphones, Mixer Controls for
Dynamic and (A. E. Thiessen: February,
1933)

Screen-Grid Tube, Frequency Stability with
the (C. E. Worthen: August, 1932)

Self-Developing Camera Oscillograph, A (H.
H. Scott: January, 1932)

Signal Generator for the New Receiver
Tests, A (A. E. Thiessen: November,
1932)

Simple Tube Test (July, 1931)

Siphon Recorder, A Duplex (H. W. Lamson:
February, 1932)

Skeleton-Type Impedance Bridge, The (R.
F. Field: April-May, 1933)

Some Uses for a Precision Chronograph (H.
W. Lamson: September, 1931)

Speed with the New Standard-Signal Gener-
ator, Precision and (July, 1931)

Speeding Up the Standard-Signal Genera-
tor (J. D. Crawford: August, 1931)

Stable Laboratory Amplifier, A (C. T.
Burke: October, 1931)

Stability, A Piezo-Electric Oscillator of Im-
proved (J. K. Clapp: December, 1931)
Stability with the Secreen-Grid Tube, Fre-
quency (C. E. Worthen: August, 1932)
Standard-Frequency Assembly to Measure
Distance, The Possibility of Using a (J.

D. Crawford: March, 1932)

Standard Relay Racks (September, 1932)
Standard-Signal Generator for the Medium
Price Field, A (C. T. Burke: May, 1932)
Standard-Signal Generator, Speeding Up the

(J. D. Crawford: August, 1931)

Stroboscope, The (H. W. Lamson: Decem-
ber, 1932)

Stroboscope at the New York Auto Show,
The Edgerton (February, 1933)

Stroboscope in Automotive Research (Chrys-
ler), Using the Edgerton (April-May,
1933)

Telephone Transmission Measurements (A.
E. Thiessen: August, 1932)

Thermocouples (September, 1931)

Thermocouples (H. W. Lamson: October,
1931)

Time Axis for the Cathode-Ray Oscillo-
graph, A Linear (H. H. Scott: May, 1932)

Transformer for the New 2A3 Tubes, An
Output (H. H. Scott: April-May, 1933)

Transformer, Voltage-Regulator (April-May,
1933)
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Transmission Measurements, Telephone (A.
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FIELD-INTENSITY MEASUREMENTS
By RoperT F. F1ELD *

HE measurement of the intensity
of the electromagnetic field pro-
duced by a transmitting station at
a distant point has been a problem of
considerable interest since the earliest
radio-telegraphic transmission. In fact
every reception of a radio signal con-
stitutes a field-intensity measurement,

* Engineer, General Radio Company

provided an estimate of the strength of
the audio signal is made and the ap-
proximate over-all sensitivity of the
receiving set is known. These two con-
ditions were, however, the stumbling
blocks which until quite recently pre-
vented all but qualitative results.

The earliest measurements of the
strength of the received audio signal
were made by shunting the head tele-

s, Inc.
illett

(see reference 7, page 3) for a transmitter located at 24 Walker Street in lower Manhattan, New
York City. We reproduce the photograph with the kind permission of the authors, the American
Telephone and Telegraph Company, and the Institute of Radio Engineers
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phones, so that the signal was rendered
either just intelligible or just audible.
From the value of the shunting resist-
ance and the impedance of the tele-
phones, the amount of attenuation
introduced could be calculated and
thence the strength of the original
unattenuated audio signal. This type
of measurement depends on the ex-
istence of a threshold of audibility.
This threshold is, however, a function
of the audio frequency heard and of the
physical condition of the listener, and
varies considerably among different
people. Many types of audibility meters
were built which conveniently per-
formed this shunting and indicated the
ratio of the current producing the full
signal to that necessary for the thresh-
old value.

On the other hand, little was known
concerning the sensitivity of the re-
ceiving set. A large antenna was used to
give the maximum radio-frequency
voltage. This could not be transported
nor duplicated, so that the early field-
intensity measurements were confined
to the study of the variation of field
strengths at one point throughout the
day and year. A survey of the variation
of field strengths with position around a
transmitter was impossible.

The advent of the vacuum tube
and its use as amplifier, oscillator, and
detector, both non-regenerative and
regenerative, greatly widened the scope
of field-strength measurements. L. W.
Austin® in 1917 described a method of
measuring the sensitivity of the re-
ceiving set. An oscillating vacuum tube
produced in a tuned ecircuit a radio-
frequency current which was measured
by a thermocouple and galvanometer.
To this circuit was coupled the receiv-
ing set, whose output was measured
with an audibility meter.

1 L. W. Austin, “The Measurement of Radio-
telegraphic Signals with the Oscillating Audion,”
Proceedings of the [.R.E., Vol. 5, No. 4, August
1917, pp. 239-246.

File Cot

In the discussion of this paper, C. R.
Englund? suggested that this sensitivity
measurement be made for every field-
strength observation, in such a way
that the signal introduced into the
receiver by the local oscillator produced
in the telephones the same response as
that obtained from the radio signal be-
ing measured. The voltage thus intro-
duced into the receiver, as calculated
from the reading of the thermocouple
meter and the constants of the circuits,
is equal to that similarly introduced
from the antenna.

In order to obtain the voltage in-
duced in the antenna by the electro-
magnetic wave, the constants of the
antenna and its coupling to the receiver
must be known. It is impossible to
introduce the comparison voltage di-
rectly into the antenna, thus making
the antenna system a part of the re-
ceiver, because generally the observer
has no control over the transmitter and
cannot shut it down when he wishes to
make a comparison measurement. G.
Vallauri® in 1919 deseribed the use of
two similar loop antennae, so oriented
that one received the radio signal with
maximum intensity, while the other
was in the null position with reference
to this signal, and so could have the
comparison signal introduced into it at
will.

C. R. Englund * in 1922 used a single
loop which could be rotated through
90° from the maximum to null position.
He used a T-section attenuator to
control the voltage introduced into the
loop instead of the more usual method
of varying a mutual inductance. He

2 C. R. Englund, Discussion on L. W. Austin’s
Paper, Proceedings of the I1.R.E., Vol. 5, No. 4,
August 1917, p. 248.

3 (. Vallauri, *“Measurement of the Electro-
magnetic Field of Waves Received during Trans-
oceanic Radio Transmission,” Proceedings of the
I. R. E., Vol. 8, No. 4, August 1920, pp. 286-296.

+C. R. Englund, “Note on the Measurement
of Radio Signals,” Proceedings of the I. R. E.,
Vol. 11, No. 1, February 1923, pp. 26-33.
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also used a plate-current meter in the
detector-tube circuit, in place of tele-
phones whenever possible. Englund’s
methods were thus identical with
present practice. All of the early meas-
urements were made on long-wave
telegraphic transmitters. The dot and
dash signals and heavy static inter-
ference were the factors that prolonged
the use of head telephones and the
audibility meter as instruments of
comparison.

The advent of broadecasting on the
frequency band, 500 ke.” to 1500 ke.,
stimulated the interest in field-intensity
measurements and expanded the points
at which measurement should be made
to a large number scattered over the
area around the transmitter and ex-
tending outward some hundreds of
miles. A portable set built to meet
the new conditions imposed by the
higher frequencies involved was de-
scribed by Bown, Englund, and Friis®
in 1923. The most serious problems
were those of shielding the loop from
the local oscillator and of building an
attenuator whose calibration would
hold at a frequency of 1000 ke. The
latter consideration caused a reversion
to the old antenna practice of intro-
ducing the voltage from the local os-
cillator into the receiving set, that is,
placing it across the grid of the first
tube. This increased the magnitude of
this voltage by the step-up ratio of the
loop, perhaps a fifty-fold increase, and
by that much reduced the severity of the
demands on the attenuator, which took
the simple form of a voltage divider.

Surveys of the field around certain
transmitting stations in the larger cities
followed. Bown and Gillett? in 1923
made surveys in New York and

5 ke. is here used to mean kilocycles per second
and eps. to mean cycles per second.

% R. Bown, C. R. Englund, H. T. Friis, “ Radio
Transmission Measurements,” Proceedings of the
I.R. E., Vol. 11, No. 2, April 1923, pp. 115-152.

"R. Bown and G. D. Gillett, “Distribution of

JANUARY, 1931 3

Washington. Expressing field strength
as the millivolts per meter of height
which would be induced in a vertical
antenna,® they plotted contour lines of
equal field strength around the trans-
mitter ranging from 100 to 0.1 milli-
volts per meter. The shapes of these
contours are determined in the densely
populated city areas by the location of
the tall buildings and in the outlying
districts by the topography of the
country, especially by river valleys and
large water areas. Tall buildings cast
shadows and cause rapid attenuation
while water courses allow minimum
attenuation.

Bown, Martin, and Potter ? extended
the New York City survey and dis-
covered peculiarly shaped contours to
the northeast of the city which sug-
gested interference between waves
which have traveled by slightly differ-
ent paths to reach a given point.

Two recent surveys are those by
Mellwain and Thompson'? in Philadel-

Radio Waves from Broadcasting Stations over
City Districts,” Proceedings of the I. R. E., Vol.
12, No. 4, August 1924, pp. 395-409. A. G.
Jensen, “Portable Receiving Sets for Measuring
Field Strengths at Broadcasting Frequencies,”
Proceedings of the I. R. E., Vol. 14, No. 3, June
1926, pp. 333-344.

8 The relation between a field intensity e,
expressed in microvolts per meter, and the total
voltage E which it induces in a loop is

2nfAN
=——
v
=2.09 x 108 fANe
=he (microvolts),

where f= frequency in cps.
A= area of loop in square meters
N=number of turns on loop
»= velocity of light in meters per second
=3 x 108
h= the equivalent height of loop in meters
=209 x 10-5 fAN.

9 R. Bown, D. K. Martin, and R. K. Potter:
“Some Studies in Radio Broadcast Transmis-
sion,”” Proceedings of the I. R. E., Vol. 14, No. 1,
February 1926, pp. 57-131.

WK. Mellwain and W. S. Thompson, “A
Radio Field Strength Survey of Philadelphia,”
Proceedings of the 1. R. E., Vol. 16, No. 2, Feb-
ruary 1928, pp. 181-192.
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phia and by C. M. Jansky, Jr.' in
Minneapolis. Mellwain and Thompson
made their receiving set into a direct-
reading portable field-strength meter
by calibrating it in the laboratory and
by providing sufficient controls to
assure the constancy of this calibra-
tion. While their work shows that this
is an entirely feasible method, the
consensus of opinion at the present
time seems to favor the older compari-
son method. It is much easier to stabi-
lize an oscillator and attenuator with
their one thermocouple meter than a
multistage radio-frequency amplifier
having a voltage gain of a million fold
at its maximum. The extra care neces-
sary to insure the constancy of calibra-
tion of this multistage receiver cer-
tainly balances the time taken by the
comparison measurement with the
local signal generator, and the latter
procedure removes the possibility that
a whole day’s work will be lost by a
change in calibration, discovered only
at the end of the day’s run.

The survey reported by Jansky
covered a greater rural area than the
earlier urban surveys and in it is dis-
cussed the quality of reception ac-
corded large farming districts in a
sparsely settled community. It appears
that the field strengths of 5 to 30
millivolts per meter, which are usually
considered necessary in urban areas to
raise the signal level sufficiently above
the high static level (mostly man-
made) existing there, are unnecessary
for the rural dweller. Artificial inter-
ference is much less in the country, and
the demands for continuous service
are perhaps not as exacting. At any
rate, a field strength of 100 microvolts
per meter is an acceptable lower level.
This report is typical of recent surveys
in its emphasis on the economics of

1, M. Jansky, Jr., “Some Studies of Radio
Broadcast Coverage in the Middle West,”
Proceedings of the I. R. E., Vol. 11, No. 10,
October 1928, pp. 1356-1367.

broadcasting and on the general princi-
ples which must govern the allocation
of broadcasting stations in this country.

Edwards and Brown'2 in two recent
papers have discussed the coverage in
city and suburban areas which may
reasonably be expected from trans-
mitters of different power ratings. The
latest equipment used by the Radio
Division of the United States Depart-
ment of Commerce is also described.
It is a refinement of the sets described
by Friis and Bruce' and has a fre-
quency range of 200 ke. to 6000 ke. and
a field-strength range of 10 microvolts
per meter to 4 volts per meter. These
large ranges are obtained by introdue-
ing into the loop a voltage from the
local signal generator large enough to
be measured by a vacuum-tube volt-
meter and attenuating this large signal
in the intermediate-frequency amplifier
of the superheterodyne receiver. This
transfers the difficulties attendant on
the design of an attenuator giving 110
db attenuation at these frequencies
to those arising from the design and
calibration of a detector which may
operate linearly over an equal voltage
range. This method is applicable only
where the signal generator, attenuator,
and receiver are constructed and
calibrated as a unit.

The older method, where the signal
generator and attenuator are a unit
independent of the receiver and indi-
cating instruments, is illustrated sche-
matically in Figure 2. The signal
generator produces a radio-frequency

1283, W. Edwards and J. E. Brown, “The Use
of Radio Field Intensities as a Means of Rating
the Outputs of Radio Transmitters,” Proceedings
of the I. R. E., Vol. 16, No. 9, September 1928, pp.
1173-1193. “The Problems Centering about the
Measurement of Field Intensity,” Proceedings of
the I. R. E., Vol. 17, No. 8, August 1929, pp.
1377-1384.

B H. T. Friis and E. Bruce, “A Radio Field
Strength Measuring System for Frequencies up
to Forty Megacycles,” Proceedings of the I. R. E.,
Vol. 14, No. 4, August 1926, pp. 507-519
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Figure 2. Schematic arrangement of apparatus for

measuring radio field intensity by the comparison

method described in this article

voltage at the input terminals of the
attenuator which is adjusted so that
there is introduced into the loop the
same voltage as that induced by the
incoming signal. The attenuator is set
at zero when the incoming signal is
observed, with the loop turned for
maximum response, while the loop is
set at its null with respect to the in-
coming signal when the local signal is
used. The attenuator may be shunted,
if the resistance which it introduces
into the loop is comparable to that of
the loop, thereby increasing the selec-
tivity and sensitivity of the receiver.
This shunt is usually so chosen as to
decrease the resistance of the attenua-
tor and also the induced voltage by a
power of ten. It should have a balanc-
ing resistance if the loop is balanced.
The receiver may have either a multi-
ple-stage radio-frequency amplifier, or
a detector, oscillator, and intermediate-
frequency amplifier. Its low-frequency
detector is used as an uncalibrated
vacuum-tube voltmeter. The direct-
current meter in the plate circuit of
this detector indicates by the equality
of its deflections when the local signal
has been made equal to the incoming
signal. Its reading is independent of
whether the carrier is modulated or not,
except as the modulation affects the
output of the transmitter. Thus, field-
intensity measurements may be made
at any time that the transmitter, is
operating without interruption of its
regular schedule.

Some audio amplification is usually
added to make easy the finding and
identifying of any incoming signal with
head telephones. With an output meter
replacing the head telephones, the

File Courtesy of

response produced by a modulated
radio signal may be observed. The
variations in the fractional modulation
of the transmitter may be observed
qualitatively. When the field strength
produced by any two transmitters has
been measured in the manner just
described, using the direct-current
meter, the audio-frequency responses
produced by their modulations may be
compared by noting the corresponding
deflections produced on the output
meter and correcting for any difference
in field strength between the two sta-
tions. These readings indicate the
degree to which these stations utilize
their respective carriers.

If the signal generator can be modu-
lated, the fractional modulation of the
incoming signal may be estimated. A
field-strength measurement is made
and the attenuator set to give equality
of carriers of local and incoming signal.
The fractional modulation of the signal
generator is then varied until equal
response is indicated on the output
meter for the local and incoming signal.

The following equipment is necessary
for making field-strength measurements
by the method schematically illus-
trated in Figure 2. A Type 403-C
Standard-Signal Generator!* with 400
cps. internal modulation and self-
contained attenuator feeds a balanced
loop through a Type 403-P10 Output
Shunt, which shunts the attenuator to
one-tenth its normal resistance and
inserts one ohm into each side of the

14 Charles T. Burke, “The Standard-Signal
Method of Measuring Receiver Characteristics,”
General Radio Experimenter, IV, 10, March 1930.
Also General Radio Company, Catalog F, pp.
88-90.
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Ficure 8. A field-strength measuring set making
use of a Typr 403-C Standard-Signal Generator.
See accompanying description

loop. The normal frequency range of
the signal generator is that of the
broadcast band, 500 ke. to 1500 kec.
The voltage range extends from 5
microvolts to 50,000 microvolts used
directly or from 0.5 to 5000 microvolts
using the output shunt.

A receiver having, with one stage of
audio amplification, a sensitivity of 10
microvolts per meter will give satisfac-
tory results. The better grade of pres-
ent-day broadcast receivers meets this
requirement. The greatest drawback to
their use is the large capacity low-
voltage storage battery needed to heat
their alternating-current tubes. A
micro-ammeter is inserted in the
plate circuit of the low-frequency de-
tector. The head telephones and a
Type 486 Output Meter® are con-
nected in the output circuit of the

15 John D. Crawford, “ A Rectifier-Type Meter
for Power Output Measurements at Audio

audio amplifier, which must be so
arranged that there is no direct-current
voltage across the output meter.

The design of the attenuator in the
Type 403-C Standard-Signal Genera-
tor i1s such that its maximum error at
maximum attenuation is less than 15
per cent. The shielding of the signal
generator as built at present is such
that at no point more than six inches
away from the case is the effect of the
magnetic field on a loop greater than
that of an electromagnetic field of 50
microvolts per meter. At a distance of
2 feet above the generator, the equiva-
lent field is less than 2 microvolts per
meter.

A recent installation of a Typr 403-C
Standard-Signal Generator in a porta-
ble field-strength set for use by the
Shepard Broadcasting Service of Bos-
ton, Massachusetts, is shown in Figure
3. Here a rack-type mounting is used
with the loop and signal generator
separated by the receiver. The loop is
turned by the handle at the center top
of the panel through bevel gears. The
leads from the loop pass down through
the hollow shaft and then in shielded
cable, one pair to the receiver and one
pair to the output shunt mounted on
the signal generator. The receiver is a
Radiola Superheterodyne, Model 80,
with the alternating-current tubes
supplied from a large storage battery
(not shown). Their control rheostat
and switch are shown at the left on the
receiver panel. Near them is the 200-

Frequencies,” General Radio Experimenter, 1V,
2-3, July-August 1929. Also General Radio
Company, Catalog F, p. 106; Bulletin 932, p. 40.

16 The recent improvements in shielding con-
sist in: doubling the thickness of copper on the
top over the oscillator coil; soldering all parts of
the box lining; encasing the modulation and
output voltmeters in copper shields; and placing
an L-shaped shield along the upper front edge.
These changes may be made on the older TyprEr
403-C Standard-Signal Generator at a cost of
$22.00. All signal generators ordered on or after
January 24 have the new shielding.
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micro-ampere VWeston
meter in the plate cir-
cuit of the low-fre-
quency detector. The
dial at the right tunes
the loop. This unit is
mounted mmmediately
behind the driver’s
seat in a Ford truck.

Figure 4 shows the
field-strength ~ meas-
uring set mounted in
the truck. The pas-
senger’s  seat  has
been tipped forward
to give a full view
of the panel.

JANUARY, 1931

Frcure 4. The measuring set in position

MISCELLANY

INCE the publication of the an-
niversary number of the Eaperi-
menterlast June, two new members

have been added to our Engineering
Department. They are William N.
Tuttle and Roy L. Steinberger.

Mr. Tuttle received his doctor’s
degree for work in physics at Harvard
University last year. He is specializing
in problems pertaining to acoustics.

Mr. Steinberger is also from Harvard.
He has completed the necessary work
for his doctor’s degree and, after a year
and a half of part-time work, is now
able to devote all of his time with us.
During this period, he has been work-
ing on special applications of mag-
netostriction, particularly those relat-
ing to subaqueous communication. This

work has been carried on under the
direction of Dr. G. W. Pierce of Cruft
Laboratory at Harvard, with whom we
have just executed a patent license
which will permit us to investigate
the subaqueous field in an active
manner.

The Typrr 403-P10 Output Shunt is
obtainable for a price of $4.00. It is
fitted with plugs for connecting to the
ouTpuT terminals of the standard-
signal generator and with three binding
posts for connecting to the loop. We
are prepared, on request, to supply it
without extra charge in place of the
Type 418 Dummy Antenna usually
supplied with the Type 403-C Stand-
ard-Signal Generator.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is

sent without charge to

interested persons. Re-

quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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MEASURING
FIELD STRENGTH

Type 403-C Standard-Signal Generator. Price $600.00

ENSITIVITY measurements on radio receivers
' and measurements of radio field intensity by the
comparison method require the same basic instru-
ment, a General Radio Type 103-C Standard-Signal
Generator. Several are now being used successfully
in field-strength surveys, the information obtained

‘ being a valuable asset to the engineer responsible for
| obtaining good coverage from his broadcast trans-
\ mitter.

Field-strength measurements are described in the
January, 1931, issue of the General Radio Experi-
menler. Extra copies are available on request. Please
address Section X, Engineering Department, for

1 further information.

‘ GENERAL RADIO COMPANY

OFFICES =~ 7  LABORATORIES 7  FACTORY
CAMBRIDGE A, MASSACHUSETTS

|
i PACIFIC COAST WAREHOUSE: 274 BRANNAN STREET, SAN FRANCISCO, CALIFORNIA
|

RUMFORD PRESS
CONCORD.N.H.
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ATTENUATION MEASUREMENTS ON
TELEPHONE AND TELEGRAPH LINES

HorTON *

By J. W

N its most elementary form the
measurement of the attenuation of
a telephone or telegraph -circuit

consists of measuring the power de-
livered to the line at the transmitting
end and of measuring the power de-
livered by the line at the receiving end.
The attenuation-frequency characteris-
tic of a line is obtained by repeating
these measurements at a suitable num-
ber of known frequencies.

In making these measurements, the
impedance of the load to which the
line delivers energy is generally made
equal to, or matched to, the character-
istic impedance of the line, which can
usually be considered as a pure resist-
ance without appreciable error. If this
matching condition is met, the power
delivered by the source of energy to the
line is identical with the power which

* Chief Engineer, General Radio Company.

the same source would deliver to the
load, were the latter connected to the
source in place of the line. Further-
more, when the line is connected be-
tween the source and the load, the
voltage across its input terminals and
the voltage across the load terminals
may be used as an indication of the
power received and delivered, inasmuch
as these voltages are impressed upon
circuits of equal impedance.

In practice, therefore, the measure-
ment of line attenuation is effected by
terminating the line in a suitable
load impedance, and in measuring the
voltages across its input and output
terminals. From the ratio of these two
voltages, the attenuation of the line, in
transmission units, is obtained by the
following equation:

: b oo
N =20 log,)——— decibels.

out

|
| oscilLAToR [ T LiNE
| T e o [ e KT AR

‘ s
| POWER-LEVEL
INDICATOR

ATTENUATION | b
OSCILLATOR BOX

1]
Y L g AMPLIFIER i;:

outPuY

POWER-LEVEL
INDICATOR

Ficure 1. Apparatus and connections for measuring line attenuation by the modification of the
standard method described in the accompanying article

(1]
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In practice, the voltage at the re-
ceiving end of the line generally has a
magnitude so small that it cannot be
measured by any available calibrated
instrument. It is customary, therefore,
to resort to a substitution method in
which a calibrated attenuator, having
the same impedance characteristic as
the line, is used at the receiving ter-
minal. The arrangement of circuits is
shown in Figure 1.

The attenuator receives energy from
a source similar to that connected to
the transmitting end of the line. The
voltage across the input terminals of
the attenuator is adjusted to be equal
to the voltage across the input termi-
nals of the line; hence, as the imped-
ances are equal, the power delivered is
the same in each case. An amplifier
having an input impedance equal to
the characteristic line impedance, and
therefore suitable for use as a load, is
connected alternately to the line and
to the calibrated attenuator, and the
latter adjusted until the output of the
amplifier as indicated by any suitable
instrument is the same for both con-
nections. When this condition is
reached, the voltage set up across the
load by the line is equal to the known
voltage set up across the same load by
the calibrated attenuator. For con-
venience, the latter is calibrated in
transmission units — generally in deci-
bels — and, hence, the attenuation of
the line is indicated directly by the
setting of the attenuator

As has already been noted, the cali-
brated attenuator must have the same

characteristic impedance as the line.
This condition applies only to the in-
put terminals of the attenuator, and
it is imposed in order that equal volt-
ages across the input to the line and the
input to the attenuator shall indicate
equal amounts of power. When this
condition is met, it is apparent that the
calibrated attenuator presents the same
impedance to the secondary source as
would the load, were the secondary
source and the load connected directly
together.

Provided that the input impedance
of the attenuator is the same as the
load impedance, it is unnecessary for
the output impedance of the attenuator
to match the load impedance, inas-
much as the indicated attenuation for
any setting refers to the actual ratio
between the power supplied to the
attenuator and the power delivered by
the attenuator to the load. In other
words, in those attenuation networks
which present a constant impedance to
the source only (i. e., L-type networks)
the loss due to the impedance mis-
match on the load side is included in
the calibration.

In making the measurement outlined
in the preceding discussion it is, of
course, necessary to be sure that the
frequency of the current supplied to the
line and the frequency of the current
supplied to the calibrated attenuator
are identical. In order to avoid the
necessity for repeatedly making this
adjustment, and also to permit
the measurement to be made in cases

(Continued on page 7)

1

9y 0o

LINE

@I
POWER-LE VEL
INDICATOR

5

T x § AMPLIFIER ER

ATTENUATION | | I urrur
BOX

mETER

|
|
|

POWER-LEVEL
INDICATOR

Frcure 2. A method of measuring line attenuation like that of Figure 1 except that an amplifier
replaces the oscillator at the receiving end of the line
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SIMPLIFIED INDUCTANCE CALCULATIONS

By James K. Crapp*

HILE much material has been
published on the calculation of
the inductance of coils,f the
formulae given are in general not con-
venient for engineering use. Two dif-
ficulties are encountered in applying
the results in engineering practice, one

Tables of the values of Nagaoka’s
correction factor have been prepared,
but require considerable time to use
due to the necessity for interpolations.
The table values may be plotted in the
form of a curve, but a more convenient
interpolation is made

being the involved computations and possible by plotting sisses

the other the fact that differences in these values on logar- 700

form and wire sizes and errors in the ithmic scales, as has

measurement of these factors intro- beendonein Figure

duce errors in the calculations which 3. Where much & Eaas

largely vitiate the utility of precise workofthistype £ HH

formulae. is done, the 600
For single-layer coils at radio fre- scales may

quencies (and, with slight modification, be transfer-

for bank-wound coils), Nagaoka’s for- red to a s

mula probably is the best for general slide- ;!

engineering use. While neglecting the rule 500

shape and size of the cross-section of

the wire, the self-capacity of the wind- T

ing and the variation of inductance due 0]

to skin-effect, it may be shown that the =

formula gives about as good results for 400 3

high-frequency inductance as can be =

f)btumed. w
* Engineer, General Radio Company. Lz’
T See in particular the publications of 300 <

the U. S. Bureau of Standards and the H ,"

Proceedings of the Institute of Radio g

Engineers. Fal

&

Frcure 1. Inductance of coils T

closely wound on General 200

Radio Type 577 Form as a i

function of the number ‘5

of turns and different A

sizes of double-silk-

covered wire. Table

I gives the num- - 100

ber of turns

for this

form rF;?

0 I0 20 30 40 50 60 70 80 90 100 IO

NUMBER OF TURNS

(3]
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r inches, n is the number of turns,
O b is the length of the winding in
|5° S . > = T )
: > inches, and K is Nagaoka’s cor-
: = rection factor which is a function
100 W 2a . y
‘2’ of 3/ the ratio of diameter to
: S0 }<. length of the winding.
: : : g If n, is the number of turns per
b S + % inch, the inductance and ratio of

diameter to length are more con-
veniently given by:
L=0.1003a’nn.K,

0 I0 20 30 40 50
NUMBER OF TURNS
Inductance of coils wound on General

Figure 2. microhenrys (2)

Radio Type 3577 Form with double-silk-covered el

wire in which the turns have been equally spaced in or L=0.0251d*nn,K,

order to fill the 2-inch winding space. Here, n,=14n mlcr()henrys (3)
2a 2o dne

where — = =—
b n n

and d is the diameter of the mean

turn in inches.

Given the size of wire and its insula-
tion and the diameter of the coil form,
no as wound, is found from Table I and

so that no reference to printed material numeric (4)
is required.

The formulae given here, when care-
fully applied, give values of inductance
to within about two per cent. for single-
layer coils and to within about five per

cent. for four-layer bank-wound coils

for frequencies where the coils would
serve as normal tuned-circuit elements.
The general formula is

dn, . : ;
—"is readily computed for any desired
n

number of turns. Read the correspond-

ing value of K from the scales at the
left. The inductance 1is
then easily computed by
means of the slide-rule.

T (_)V.Al()()Sa'-’n‘zlr\f'

; microhenrys (1)
/

Ficure 3. Values of !

B o > g P v 1 - 2a
where a is radius of a mean turn in dif et aliesor o

)

N

) @ Q N 0 0 < < ]
0 -N MmMEwan®eag g = g 5
D i 5
<
- g 2 S 8 S & - S5
3 2 8 3 - S g8 2 )

g

N.D——-»_g
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For banked windings of not too great TABLE 1
depth as compared with the diameter, a  Wixpixe Dara ror Crosery Wousn Corrs
close approximation for the inductance == e _ sr e BT

is obtained by using Nn, for the turns f‘l‘l::
per inch (where N is the number of ; FOR
N SizE Tor~s peEr INcH FuLL
dNn, 3 L ; g
P Q) ¢ . P o OF |2-1NCH
banks) and ~ for the ratio of diam- " | Foru
I | B& S |
ter to length. w |
< g = !Enu"ml‘.\'ingle Double| Single |Double’ Dou-
L 2a  dNn, AF- % ‘ Silk | Silk |Cotton|Cotton blesilk
Then — =— numeric (5) 1
b n ;
=142\ > 20 29 7 25 T 25 50
and L=0.02514*Nnn.
and L=0.0051 NnnokK, . 22 | 36 | 34 |80.5| 34 | 30 61
microhenrys (6) 24 45 | 48 | 88 41 35 76
The number of turns required for a 26 | 57 | 52 | 45 50 | 4 90
desired value of inductance cannot be 28 | 71 | 64 | 53 ‘“1’ 48 l‘l’:;
. - - . . 88 | 80 | 66 7
directly calculated since K varies as n il o s ; ikl
s by <3 : .® 32 120 95 76 S4 62 | 124
is varied. With given types of wind- !

ings experience will indicate an ap-
proximate value for the number of
turns. If the computations are carried
out and the inductance obtained is
near the desired value, the correct
number of turns to give the desired
value may be obtained by readjust-
ment, since K does not vary rapidly
with n. Where many values are re-

UXAMPLES OF CALCULATIONS
Given: Form diameter=2.75 inches
(General Radio Company Type 577
Form). Wire size=No. 20 double-silk-
covered. Find: The inductance for coil
of 35 turns.
Procedure: In Table I find n,=25

: e 1\,
quired it is simpler to calculate a suf- / <”2-75+z; 25
s .4
ficient number of values for a curve. Sy 2/ =1.99
. Qs
The required values may then be read 2 35
‘agaoka's constant K for  off directly. (See Figures From seales, opposite 1.99 fur@. read
dn, : p ¢ 2 Ka
— on a lozarithmie scale 1 and 2, for example.) i
n
" & o 2 o
o o x® =
g g S 8 8 8§ = 9w m x99 2wy Q
]:
wn n -
3 g g g e
l:
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O 10 20 30 40 50
NUMBER OF TURNS

Ficvre 2. Inductance of coils wound on General
Form with double-silk-covered A
wedin  or L=0.0251d*nn.K,

Radio Ty
wire in which the turns have been equally
order to fill the 2-inch winding space. Here,

5o that no reference to printed material
is required.

The formulae given here, when care-
fully applied, give values of inductance
to within about two per cent. for single-
layer coils and to within about five per
cent. for four-layer bank-wound coils
for frequencies where the coils would
serve as normal tuned-circuit elements.

The general formula is

K. microhenrys (1)

where a is radius of a mean turn in

inches, n is the number of turns,
b is the length of the winding in
inches, and K is Nagaoka's cor-
rection factor which is a function
of (2;) or the ratio of diameter to
length of the winding.

If n, is the number of turns per
inch, the inductance and ratio of
diameter to length are more con-
veniently given by:

L=0.1003a*nn.K,
microhenrys (2)

INDUCTANCE IN MCH.

microhenrys (3)

2a _ 2an, _dn,
whepe —===—=—
b n n

and d is the diameter of the mean
turn in inches.

Given the size of wire and its insula-
tion and the diameter of the coil form,
n, as wound, is found from Table I and

dn, . : 3
~—"is readily computed for any desired
n

numeric (4)

number of turns. Read the correspond-
ing value of K from the scales at the
left. The inductance is
then easily computed by
means of the slide-rule.

Froure 3. Values of N

2 d AR
different values of 5 = ona lozarithmie scale

Vou. V, No. 9

For banked windings of not too great
depth as compared with the diameter, a
close approximation for the inductance
is obtained by using Nn, for the turns
per inch (where N is the number of

iNn, ; ;
banks) and “>* for the ratio of diam-
n

eter to length.
Then 24— dNn,
n

and L=0.0251d*Nnn.K,
microhenrys (6)
The number of turns required for a
desired value of inductance cannot be
directly calculated since K varies as n
is varied. With given types of wind-
ings experience will indicate an ap-
proximate value for the number of
turns. If the computations are carried
out and the inductance obtained is
near the desired value, the correct
number of turns to give the desired
value may be obtained by readjust-
ment, since K does not vary rapidly
with n. Where many values are re-
quired it is simpler to calculate a suf-
ficient number of values for a curve.
The required values may then be read

numeric

aoka’s constant K for  off directly. (See Figures

1 and 2, for example.)
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TABLE 1

Winping Dary ror CrLosi

Tonxs pEr Icn

Sz
o
Wike|
B & S|, ol -
| Enamel Single{ Double| Single |Doublel Dou-
el Sk | sk |Cotton|Cotton ble ik
20 2 | &
22 | 34 61
24 ‘ 41 76
26 50 | 90
28 60 06
30 7| a5 | 110
32 |

84 | 62 |12

Examrres or Carcu

ATIONS

Given: Form diameter=2.75 inches
(General Radio Company Type 577
Form). Wire s b. 20 double-silk-
covered. Find: The inductance for coil

of 35 turns.

Procedure: In Table I find n,=25
(27 %)25
LIRS . 2/
n
R d dn
From scales, opposite 1.99 for ™, read
n

o =N mMT@werneas

3
40

ol
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FOR MEASUREMENTS
OF ATTENUATION

OSCILLATORS

TYPE 377-B

Low-Frequency
Oscillator

$350.00

Covers frequency range of 20-70,000 cps. with
good waveform. Suitable for use at transmitting
and receiving end of line.
POWER-LEVEL
INDICATORS

TYPE 586-A
Power-Level
Indicator

$60.00

Ideal for measuring voltage input to line and to
attenuation box. Calibrated in db between —10
and 436 db.

ATTENUATION BOXES

TYPE 249

TYPE 329

Several different types are available with L-»
T-, H-, and balanced-H-type sections. There is
one to meet every need. See Catalog F-X2 for
further information.

OUTPUT METERS

TYPE 486
Output Meter

$38.00

A convenient instrument for indicating the
power delivered by the load amplifier. Accurate
over audio-frequency band.

CATALOG F-X2

describes all of these instruments in detail. Ask
for a copy on your business letterhead. It's freeto
engineers and other interested persons.

GENERAL RADIO COMPANY
CAMBRIDGE A MASSACHUSETTS

K=0.526
L=0.0251X(2.79)2X 35X 25X 0.526
=90.0 microhenrys.
For a rough estimate, the diameter
of the form may often be taken as the
diameter of a turn. In the above ex-

ample this procedure gives dtie =1.965,

n
K=0.530 and L=88 microhenrys,
which differs from the previous value
by about 2.5 per cent.

For bank-wound coils an example is

as follows:

Given: d=2.75, no=25," N=4, and

n=200

4
275+ — )25 X4
1L\'no_< ’D+25> e

n 200
=1.455.

From Figure 3, K=

Then,

0.604

Then L=0.0¢ .)1X<2.75 i_>;><-l-
25

X 25% 200X 0.604=2570 microhenrys.

Many experimenters and many engi-
neers “design” inductors by guessing
at the number of turns, then peeling
off wire until the correct value of
inductance is obtained rather than go
to the trouble of using the usual tables
and formulas. Our experience with
the method described here proves con-
clusively that much time and effort
are saved by calculating the desired
ralue of inductance before the coil is
wound.

REPRINTS

R‘ JPRINTS of Mr. Clapp’s article
have been prepared on bond paper
for the use of our own engineering
department and a few extra copies are
available. The bond paper will stand
handling much better than the paper

(on which the Experimenter is printed.
A copy of the reprint may be had with-

out charge by writing to the General
Radio Company.
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HORTON: ATTENUATION MEASUREMENTS
(Continued from page 2)

where a duplicate source may not be
available at the receiving end, it is
possible to carry out the measurement
as indicated in Figure 2. In this figure
it will be noted that the oscillator of
Figure 1 is replaced by an amplifier
which may be connected to the line
whenever the load is connected to the
output of the calibrated attenuator.
The amplification of this secondary
source amplifier is adjusted until the
voltage across the input end of the at-
tenuator at the receiving terminal is
the same as the voltage across the input
end of the line at the transmitting
terminal. In this case, it is apparent
that the frequency of the current de-
livered to the attenuator must be
identical with the frequency delivered
totheline. One objection to this method
lies in the fact that the wave supplied
to the attenuator may fail to duplicate
exactly the wave supplied to the line,
due to the presence of interference
picked up by the latter.

It should be noted, in connection
with the alternative source of local

current just described, that it is un-
necessary for the input impedance of
the secondary source amplifier to
match the line impedance, inasmuch as
the efficiency of this connection plays
no part in the measurement. It should
further be pointed out that it is quite
unnecessary to know the gain or am-
plification of the source amplifier, or of
the load amplifier used in making the
voltage comparison; the frequency
characteristics of these amplifiers are,
consequently, of no importance in con-
nection with the attenuation measure-
ment, provided that the gain is ade-
quate at all frequencies.

To summarize the requirements im-
posed on the measuring equipment,
therefore, we note that the calibrated
attenuator must be designed so as to
have the same input impedance as the
line with which it is to be compared,
and that the impedance of the voltage-
indicating amplifier, which is connected
alternately to the line and to the cali-
brated attenuator, must match this
characteristic impedance.

MISCELLANY

CARDIOTACHOMETER

N the July, 1930, issue of the Ea-

perimenter, Horatio W. Lamson
described an instrument called the
cardiotachometer which he built in
collaboration with Paul Bauer, for
measurement of a patient’s heart at
rest or during exercise.

Two of our readers have written that
a similar instrument was described by
Dr. Ernst P. Boas in the Archives of
Internal Medicine for March, 1928.
Mzr. Lamson did not then know of Dr.
Boas” cardiotachometer or he would
have referred to it, inasmuch as it had
many features he found necessary to

make his instrument work satisfac-
torily.

The instrument was developed by
Dr. Boas at Montefiore Hospital in
New York City, while he was the
medical director of that institution.
From the outset, Dr. Benjamin Lie-
bowitz was associated with him in the
work. They were fortunate in obtaining
help in the design and construction
of the amplifier from Dr. Alfred N.
Goldsmith and Julius Weinberger,
Theodore A. Smith, and George Rod-
win of the Radio Corporation of
America. Subsequent developments of
the instrument were worked out by Dr.
William W. Macalpine, at that time

File Courtesy of GRWiki.org
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fellow in the department of physies at
Columbia University.

Dr. Boas has given us a great deal of
information about the use of the ap-
paratus and anyone interested in heart
measurements should read the results
of his measurements in the following
articles: Boas and Goldschmidt, **Con-
tinuous Recording of the Heart Rate
During Operations,” Journal American
Medical Association, XCIV  (1930),
1210; Boas and Weiss, “The Heart
Rate During Sleep as Determined by
the Cardiotachometer,” Journal Ameri-
can Medical Association, XCII (1929),
2162; Boas and Goldschmidt, Klinische
Wochenschrift, 1X (1930), 1115; and
Boas, “*The Ventricular Rate in Auricu-
lar Fibrillation Studies with the Car-
diotachometer,” American Heart Jour-
nal, TV (1929), 449.

* ok ok ok

Preciston’ WAVEMETERS
WNERS of General Radio Tyre
224, Type 224-A, and TypE 224-L.
Precision Wavemeters will be interested
in knowing that we have just completed
the preparation of a new instruction
book to cover all three instruments.
If you have one of these precision
wavemeters, you are entitled to a copy
without charge. Please mention the
type number and serial number of your

wavemeter in your request.

Vorume CoONTROLS
A'('()RDL\'G to some of the General

Radio Company’s advertising, an
article on the use of volume controls
in high-quality sound systems was to
have appeared this month. Unfortu-
nately, it has been necessary to post-
pone the appearance of this article
to a future issue of the Eaperimenter.
We hope that no reader has been
inconvenienced.

SUPERHETERODYNE

NGINEERS working on the design
of superheterodyne receivers can
now obtain a special inductor for
covering the range between 200 ke. and
150 ke. with the Type 403-C Stand-
ard-Signal Generator. This makes it
possible to make selectivity and sensi-
tivity measurements on the intermedi-
ate-frequency amplifier.

The new inductor, when uncali-
brated, is designated Tyrr 403-P8 and
is priced at $16.00; when calibrated it is
designated Typre 403-Q8 and is priced
at $24.00. For other notes applying to
additional inductors, please refer to
Catalog F, page 90. If you haven't
a copy, ask us for Catalog F-X2.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD, N, H.
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MODULATION MEASUREMENTS ON
BROADCAST TRANSMITTERS

By W. N.

N radio broadcasting, much atten-
tion has been given recently to the
problem of obtaining high percent-

age modulation of the transmitter out-
put. The broadcasting
stations were first inter-
ested in employing high
modulation because of
the greater area which
can be served with the
same output power.
If a certain area can be
covered effectively with
high power and low
percentage modulation,
it can be covered just
as effectively with less
power and higher per-
centage modulation. In addition, the
interference caused will be very much
less. Federal regulations now require
that the second of these alternatives
be employed.

It is a complicated technical problem
to obtain high percentage modulation
without distortion. It is made still more
difficult by the fact that the trans-
mitter must simultaneously satisfy
certain efficiency requirements.

Most of the problems of design have

* Engineer, General Radio Company.

Y%
MODULATION

‘TUTTLE®

been satisfactorily solved, but due to
the criticalness of the requirements,
rather slight misadjustments of the
transmitter have a marked effect on
the quality of the modu-
lated output. The use of
high percentage modu-
lation means that even
with the best modern
transmitters it is neces-
sary to make tests on
the modulated output
to make certain that
the best adjustment is
maintained.

Modulation tests are
needed not only to check
the transmitter adjust-
ment but also to determine the maxi-
mum modulation which may be em-
ployed without distortion and, finally,
to insure that the modulation stays
within the required limits during the
transmission of a program. Attention
has consequently been focused on the
various methods available for modu-
lation testing.

Let us consider the measurement of
percentage modulation in the simple
case where the transmitter is operating
properly and the signal is not distorted.

[1]
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Under these circumstances, if the
transmitter is modulated by a pure
tone, the envelope of the radio-fre-
quency wave will also be sinusoidal.
Example I of Figure 1 shows this case.
The percentage of modulation is the
percentage by which the peaks of the
envelope deviate from the average
envelope value. This is the ratio p/4
or n/A expressed in per cent.

For the particular case of a perfectly
operating transmitter, it is not a diffi-
cult matter to make a radio-frequency
measurement of this ratio.! Under these
ideal conditions, the average envelope
value A is the same as the unmodulated
carrier amplitude C. The quantities 4
and (A4-+p) are therefore the values of
the peak radio-frequency voltage be-
fore and after the signal is modulated.
From these two quantities measured by
means of a peak voltmeter the percent-
age of modulation is readily computed.
This method is very useful where the
percentage modulation employed is
not high, but is subject to serious errors
in cases encountered in present-day
broadcasting.

This method is perfectly satisfactory
only as long as the assumptions upon
which it is based are valid. It is there-
fore accurate only for transmitters
which are in perfect adjustment and for
which the percentage modulation is
safely below the allowable limit. This
method is consequently of little use in
diagnosing misadjustments of the
transmitter.

Examples II, III, and IV are cases
where the method just deseribed is not
applicable. It is seen that the average
value of the envelope is not equal to the
amplitude of the unmodulated carrier,
and the deviations, p and n, of the
peaks from the average are not in gen-
eral equal. It is evident that in these

1 C. B. Jolliffe, “The Use of the Electron Tube
Peak Voltmeter for the Measurement of Modula-
tion,” Proceedings of the 1. R. E., Vol. 17, No. 4,
April, 1929, 660-663.

cases no single quantity can describe
the modulation. To describe these
cases, we need to know p/A and n/A
independently, and also the amount by
which A differs from C.

A detailed oscillographic study has
been almost the only means of getting
this information. It requires skill and
time, however, to make such an investi-
gation. Photographs must usually be
taken if accurate numerical values are
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Ficure 1. Four conventional representations of

modulated-carrier envelopes showing that the

average amplitude 4 during modulation is not

necessarily equal to the amplitude of the un-
modulated carrier C
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PEAK VOLTMETER
ANALYZING CIRCUIT

LOAD

Ficure 2. Functional arrangement of the elements in the General Radio Type 457-A Modu-
lation Meter

to be obtained, or if a permanent record
is desired. While these considerations
do not detract from the value of an
oscillograph for such purposes as mak-
ing a complete study of the operation of
a new transmitter, they do indicate

LOAD VOLTAGE

Ficure 3. Voltage delivered to the peak volt-

meter analyzing circuit if the carrier of Example

1, Figure 1, were applied to the input terminals
of the modulation meter

that some more convenient instrument
is needed for obtaining modulation data.

The instrument to be discussed gives
directly and numerically a description
of the modulated output of a trans-
mitter. It analyzes a modulated wave-
form without reference to the charac-
teristics of the transmitter producing
the signal. The ratios p/4 and n/A4 are
given by dial readings, so that no com-
putation is necessary. The percentage
by which A deviates from C may also
readily be determined.

The quantities p/A and n/A4 will be
called positive-peak  modulation and
negative-peak modulation, respectively.
The best single quantity to describe
percentage modulation is the average of
the positive-peak modulation and the
negative-peak modulation above de-
fined. It is this average modulation
which is defined by the Committee on
Standardization of the Institute of

Radio Engineers? as the percentage
modulation.

The elements of the Type 457-A
Modulation Meter are shown in Figure
2. The voltage to be analyzed (usually
most conveniently obtained by means
of a small pickup inductor coupled to
the output circuit of the transmitter) is
applied to a linear rectifier. The low-
frequency components of the rectifier
output are analyzed by a special type of
vacuum-tube peak voltmeter. In Dr.
Jolliffe’s method which was just de-
scribed, the peak voltmeter measures
the radio-frequency voltage directly. In
this instrument, however, the peak
voltmeter analyzes the output of a
rectifier. The interposition of the recti-
fier makes it possible to observe the
minimum value of the envelope as well
as the maximum value.

Since the rectifier is designed to be
linear ? in its characteristics, the output
voltage, after the radio-frequency com-
ponents have been removed by the
filter, will be a replica of one-half of the
envelope of the applied modulated
voltage.

In other words, if the voltage at the
input terminals is of the form shown in
Example I of Figure 1, the voltage
across the load resistance will be that
shown in Figure 3. The problem of
measuring percentage modulation has
thus been reduced to the comparatively
simple problem of measuring the two
peak values of a low-frequency voltage
relative to a direct-current voltage.

2 Yearbook of the I. R. E., 1929, p. 55.

3 Stuart Ballantine, ““ Detection at High Signal
Voltages,” Proceedings of the I. R. E., Vol. 17,
No. 7, July, 1929, 1157.
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The apparatus in Figure 2 to the right
of the load resistance is for the purpose
of making direct measurements of these
ratios.

This part of the apparatus is shown
in Figure 4. A two-element rectifier D
is connected across the load resistance
in series with the galvanometer G and
an adjustable direct-current voltage
which opposes the envelope voltage of
Figure 3. This opposing voltage is ob-
tained from the battery E and the
voltage divider P.

The heart of the peak voltmeter is
the tube D in which the plate current,
as indicated by the galvanometer G,
flows only when the plate is positive
with respect to the filament. The tube
is used to determine when the opposing
voltage has been made equal to the
peak voltage of the envelope.

When, therefore, the reversing switch
S is thrown to the left, there will be a
galvanometer deflection when the volt-
age across terminals 7 and 2 becomes
positive. With switch S reversed, the
plate and filament connections are
interchanged, and a deflection will now
take place when the voltage across ter-
minals 7 and 2 becomes negative. The
values of the opposing voltage at which
the galvanometer just begins to deflect
for the two positions of the switch S
will be the two voltages V; and V,

shown in Figure 3. In a modulation
meter devised by van der Pol and
Posthumus,* these two voltages are
measured on a direct-current voltmeter
connected across the voltage divider P
and the fractional modulation m ob-
tained from the expression
Vi—Va p n

In the Type 457-A Modulation
Meter things are arranged so that m,
expressed in per cent., may be read
directly on a dial which is attached to
the voltage divider P. This is accom-
plished by means of a preliminary
direct-current balance in which the
peak voltmeter is cut out of circuit. A
null reading of the galvanometer now
indicates that the direct-current volt-
age across the load resistance is equal to
the potentiometer voltage.

The input radio-frequency voltage is
adjusted so that the voltage 4 in Figure
3 is equal to the voltage across 100 divi-
sions of the dial on the voltage divider
P. The zero point of the dial is then
automatically at voltage A, and fur-
thermore, the voltages p and n read on
the dial on either side of the zero point
will be expressed in per cent. of A.

4B. van der Pol and K. Posthumus, “Tele-
phone Transmitter Modulation Measured at the
Receiving Station,” Experimental Wireless, 4,
March, 1927, pp. 140-141.

o—
RECTIFIER LOAD
OUTPJUY; RESISTANCE
o—14

Sl
E

Ficure 4. Essential elements of the peak-voltmeter circuit
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Ficure 5. Cathode-ray oscillograms made on a modern commercial broadcast transmitter for different
values of percentage modulation. Horizontal deflections were due to the sine-wave modulating voltage,
vertical deflections to the carrier envelope

This important preliminary balance
thus serves the dual purpose of making
the instrument direct-reading in per-
centage modulation and of enabling
positive-peak modulation and nega-
tive-peak modulation to be determined
independently.

The preliminary balance can not be
made exactly as described above, be-
cause the direct-current balance cir-
cuit would appreciably change the
audio-frequency voltage applied to the
linear rectifier. To avoid this difficulty
the voltage across only a very small
fraction of the load resistance is used to
obtain balance, when the adjustment of
the input voltage is made.

The new modulation meter makes
a sufficiently detailed analysis of a
modulated signal so that abnormal
modulation may be detected. Helpful
information may also be obtained when
adjustments of the transmitter are be-
ing made. The maximum allowable
modulation may be determined, and
since the instrument is direct-reading,
it is convenient for use in monitoring
to see that the modulation limit is not
exceeded.

In monitoring, the instrument may
be conveniently used to give an indica-
tion whenever a predetermined maxi-
mum percentage modulation is ex-
ceeded. For example, if the dial is set at
509, the galvanometer needle will
remain stationary as long as the per-

centage of modulation is below this
value. As soon as this percentage is
exceeded, however, there will be an
abrupt deflection which is approxi-
mately proportional to the excess mod-
ulation. The transmitter volume con-
trol may therefore be turned up until
the louder portions of speech or music
begin to cause deflections of the gal-
vanometer.

It is interesting to compare the mod-
ulation-meter measurements with re-
sults obtained by means of a cathode-
ray oscillograph. Figure 5 shows the
patterns for the output of a modern
transmitter for four different percent-
ages of modulation. The pure sinusoidal
voltage used to modulate the trans-
mitter was connected to one pair of
plates causing deflections along the
horizontal axis. The signal voltage was
connected to a linear rectifier, the out-
put of which was applied to the other
pair of plates. The patterns therefore
show simultaneous values of the ‘en-
velope voltage and the modulating
voltage. If both of these voltages are
sinusoidal, a perfect ellipse or diagonal
straight line is obtained. This is seen
to be the case in the first photograph.
The distortion at higher percentages of
modulation causes the ellipse to become
increasingly deformed, as the other
three photographs show. In all four
photographs, the horizontal axis is
shown for reference. In III and IV, an
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TABLE
CoMPARISON OF PERCENTAGE MODULATION AS DETERMINED FROM OSCILLOGRAMS
AnD TypE 457-A MopuraTioN METER

Case 1 Casg II Casg IIT Case IV
gopiEm e | gl ) b E i
& =g & =2 & =8 =) =2
< 28 k- £k g 25 < X
= = Z == 3 - = ==
é = & = S = é =
Positive Peaks 28% 329, 439, 489, 58% 609, 76% 70%,
Negative Peaks 309, 32% 51% 56% 869, 87% | 1009% |1009,
exposure was also made to locate the those in the modulation-meter meas-

ordinate corresponding to the un-
modulated carrier.

Since the maximum and minimum
envelope values are the top and bottom
points of the pattern, the percentage
modulation may readily be computed
from the ordinates measured on the
photographs.

In the accompanying table the values
obtained from the oscillograph patterns
are compared with those measured
directly on the modulation meter.
Since the carrier may shift during mod-
ulation, the values given are referred
to the unmodulated carrier voltage C
rather than to the average envelope
value A. The quantities tabulated are,
therefore, the ratios p/C and n/C of
Figure 3, expressed in per cent.

The check is seen to be quite satis-
factory, as the errors in the oscillograph
method are probably at least as great as

urements.

The results show clearly that for this
adjustment of the transmitter the posi-
tive peaks cut off considerably before
the negative peaks. In Case IV, both
peaks are cut off almost equally but the
average envelope value A has fallen
considerably below the unmodulated
carrier value C. Since the average en-
velope value is the carrier value during
modulation, it is seen that the carrier
output decreases quite appreciably at
high modulation. The operation of this
transmitter was considerably improved
by slightly decreasing the carrier volt-
age applied to the modulated amplifier.

These results indicate definitely that
even with high-quality modern trans-
mitters there is need for accurate test-
ing of the modulation characteristics in
order that satisfactory adjustment may
be maintained.

PRECISION FREQUENCY MEASUREMENTS

By Joun D.

of Standards has been sending
from WWV a weekly high-pre-
cision standard-frequency schedule!

SINCE early this year, the Bureau

* Editor, General Radio Experimenter.

1 Transmissions are at present being sent from
1:30 to 3:30 and from 8:00 to 10:00 r.m., Eastern
Standard Time, every Tuesday except that week

File Courtesy

CRAWFORD*

at a frequency of 5000.00 kilocycles
per second (60 meters).

(usually the week of the 20th) in which the
regular monthly transmissions are scheduled.
Complete schedules, field-intensity data, and
other information are published in the Proceed-
ings of the I. R. E. and in both the Radio Service
Bulletin and the Technical News Bulletin of the
United States Department of Commerce.
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The preliminary announcements of
the schedule issued by the Bureau of
Standards stated that the transmissions
were ‘“‘accurate to a few parts in a
million.” Subsequent measurements by
them and other observers indicate that
this stability has been exceeded and
that, in general, the signals are reliable
to within a part in a million.

The new schedule and the willingness
of the Bureau to cooperate with ob-
servers in other laboratories are par-
ticularly helpful to those who are main-
taining primary standards of frequency.
We have on several occasions reported
our measurements on this standard-
frequency transmission to the Bureau
and have received from them state-
ments showing how the two simul-
taneous measurements compared. The
ultimate universal standardization of
frequency is thus brought one step
nearer to realization by having a highly
stable test signal upon which several
laboratories can make simultaneous
checks. International comparisons will
be possible, especially if the proposed

A PART IN TEN MILLION

s
ANDARD, TRAVELS 2703 T’/,*-
A GeARED T ONE 57 Al
o gAR K, GEMT T —

St

caR B.GU"“’mm“S
-

A AND B WILL HAVE STOPPED WiThin 17 INCHES OF CACH OTHER

0. 5T0Ps SAMETIME RS A

— 217 nones, !

Two cars, each geared to a frequency

standard, would, if the standards agreed

to one part in ten million, have rates of

speed which were equal to within one part

in ten million. T'wo such cars could travel

2700 miles and be only 17.1 inches apart
at the end of the trip

MarcH, 1931 7

A corner of the General Radio frequency-stand-

ards laboratory. The standard-frequency as-

sembly at the right is used in general experimental

work; the one next to it is the primary stand-

ard, in terms of which the General Radio Com-

pany does all its frequency calibration and
measurement work

one-kilowatt transmitter is installed.

It is interesting to note, in this con-
nection, that our measurements on
these standard-frequency transmissions
have been in agreement with those
made by the Bureau of Standards to
well within one part in a million and
that several observations agreed to
within one part in ten million. The true
significance of so close a check between
two independently operated systems
will probably be better appreciated if
we construct an illustration to show
what is meant by “one part in ten
million.”

Suppose, as suggested in the draw-
ing, we start from San Francisco
two automobiles, the velocities or
rates of speed of which are known to
be equal to within one part in ten
million. These two cars could travel
all the way to Boston, a distance of

File Courtesy of GRWiki.org
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approximately 2700 miles, and, at
the end of the trip, one car would be
only 17.1 inches ahead of the other.
The primary standards operated by
the Bureau of Standards and by the
General Radio Company ? utilize spe-
cially constructed piezo-electric quartz
crystals, the average frequencies of
which are determined in terms of the
Mean Solar Day as defined by the

2The General Radio Company’s primary
standard is a standard-frequency assembly,
described in Catalog F. Ask for a copy of Catalog
F-X3.

corrected time signals of the U. S.
Naval Observatory. In both systems,
the working frequency of the quartz
crystal is divided in special electrical
circuits to a value suitable for actuating
a synchronous-motor-driven clock. By
comparing clock time with observatory
time, the average frequency of the
standard crystal can be determined.
If the clocks in both frequency-stand-
ard systems were keeping time to with-
in one part in ten million, the two would
differ by not more than 0.0086 second
in a day, or 8.1 seconds in a year.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY

CAMBRIDGE A, MASSACHUSETTS

and amplifier systems.

TYPE 457-A MODULATION METER

HIS instrument is suitable for measuring the percentage modulation
on both positive and negative peaks, for determining the maximum
allowable percentage modulation with a given transmitter adjustment,
and for showing up maladjustments in the modulation, oscillator,

It takes approximately 0.5
watt from the output circuit of
the broadcast transmitter. Two
227-type tubes are required.
Power is supplied from the 110-
volt 60-cps. line and 90 volts
of block battery, mounting
space for which is provided in-
side the instrument. It is shielded
from stray fields.

OFFICE 4

Pacific Coast Warehouse

Type Price*
457-AM | Cabinet mounted asillustrated .........................cccovvereueuneenonn. $125.00
457-AR For mounting in 19-inchrelay rack ..........ooviuiiinoiiiiniieaineennnnn. 110.00

*Prices do not include tubes, batteries, or pickup inductor

Please address orders and requests for further information to Dept. X,

GENERAL RADIO COMPANY

LABORATORIES  ~
CAMBRIDGE A, MASSACHUSETTS

FACTORY

274 Brannan Street, San Francisco

RUMFORD PRESS
CONCORD.N. H.
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A CONTINUOUS-FILM CAMERA FOR THE
OSCILLOGRAPH

By HoraTio W. LAaMson *

N oscillograph, as the name im-
plies, is a device which enables
one to observe the waveform of

an electrical current and to note any
changes in this waveform with the
passage of time. This is accomplished
by converting the varying electrical
current into mechanical vibrations
which are a more or less perfect repro-
duction of the variations in the ampli-
tude of current. A spot of light reflected
from such a vibrating system, or the
shadow of some portion of the system

Ficure 1. The
new camera with
its accessories and
the General Radio
string oscillograph

* Engineer, General Radio Company.

itself, focused to a point, will vibrate
back and forth and will, accordingly,
trace a straight line upon a viewing
screen. The length of this line will be
proportional to the amplitude of vi-
bration but no indication of the wave-
form will appear on the viewing screen
because the coordinate of time is
lacking.

There are two methods whereby a
proper time element, perpendicular
to the direction of vibration, may be
introduced. One of these consists of
causing the vibrating shadow or spot
of light to be reflected, before striking
the viewing screen, from a single or
multiple-sided plane mirror which is
rotating about an axis parallel to the
line of vibration of the spot. The
shadow spot or light spot will then be
given an additional displacement, pro-
portional to time, at right angles to its
vibration due to the amplitude varia-
tions in the electrical current, so that a
waveform, that is, a trace showing the
relation of amplitude and time, will
appear on the viewing screen. If the
current waveform is a repeated and
sustained one and if the rotation of the
mirror is synchronized at a proper
speed, a stationary trace will appear on

(1]
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the screen. This method is used in the
General Radio TypEe 338-1. String Os-
cillograph* and in all other forms of
oscillograph making use of the rotating-
mirror principle.

If the screen upon which the vibrat-
ing line is traced is capable of retaining
an instantaneous picture of the shadow
spot or light spot, that is, if it is of the
nature of a photographic film, then the
second method of introducing the time
axis may be employed. This consists
merely of pulling along the screen con-
tinuously in a direction perpendicular
to the line of vibration, thereby giving
the required trace of amplitude versus
time.

This method is employed in the new
continuous-film camera which the
General Radio Company has recently
perfected to be used for obtaining per-
manent oscillographic records. Obvi-
ously, records obtained in this manner
may show either sustained or transient
phenomena.

This instrument, designated as the
Type 408 Oscillograph Camera, was
designed primarily to be used as an ad-
junct to the Typr 338-L String Oscillo-
graph, but with proper arrangements
it may be adapted for use with other
makes of oscillograph. The instrument
is intended to use 100-foot reels of
standard 35-millimeter perforated mo-
tion-picture film or paper, so that in-
dividual exposures of any length up to
this amount may be made. If only a
single copy of the record is required,
Eastman No. 2 perforated recording
paper may be purchased on 100-foot
reels provided with leaders which per-
mit loading of the camera in daylight.
This paper, while quite sensitive, is
much easier to handle than negative

*In the General Radio Type 338-L String
Oscillograph, the vibrating element consists of a
single fine tungsten filament passing through a
magnetic field supplied by a permanent magnet.
The shadow image of the center portion of this
string is thrown into the rotating-mirror viewing
box or into the camera.

film stock and, if it is developed with
Eastman x-ray developer, produces a
contrasty and very satisfactory record.

The camera consists of a rectangular
aluminum casting having three sepa-
rate compartments. The lower com-
partment on one side serves as a maga-
zine for the unexposed film or paper.
This film passes over a driving sprocket
and through a light-tight slit into the
upper compartment, which serves as a
magazine for the exposed film. A dupli-
cate reel is provided herein which is
driven through a slipping clutch and
serves to wind up the exposed film
properly. As the film passes up over the
driving sprocket, it is momentarily
exposed through a horizontal slit run-
ning transversely across the film. If
the shadow spot or light spot is then
made to vibrate in a horizontal plane
to and fro along this slit, a white trace
on a dark background or a dark trace
on a white background, respectively,
will be produced on the photographic
paper.

Independent sliding shutters give
access to these two camera compart-
ments so that the exposed magazine
may be opened without illuminating
the other. If short records, under four
feet only, are required, it is not neces-
sary to use the reel in the exposed
magazine since the paper will not curl
up of its own accord as it is fed through.

The third compartment on the other
side of the camera contains the various
driving mechanisms. It need not be
light-tight. The driving sprocket is
rotated directly by a suitable hand
crank, but provision may easily be
made for substituting a motor drive if
desired. The take-up reel with its slip
clutch is driven through a chain and
sprocket system. A resetable counter is
provided for recording the amount of
film that has been exposed.

In order to use this camera with the
General Radio Type 338-L String Os-
cillograph, the Type 409 Camera
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Ficure 2. A plan view of the
camera and the oscillograph. The
white line shows the path of the
light beam from the galvanom-
eter, to the mirror, through
the condensing lens and syn-
chronous shutter, and into the
camera. With the mirror turned aside, the
light passes by into the viewing box

Shelf is required. This aluminum shelf
is properly drilled for aligning the sev-
eral parts. It is easily attached to the
oscillograph underneath the galvanome-
ter. As a part of the shelf is supplied
a two-position plane mirror and mount-
ing. This operates similar in principle
to a Graflex camera, a turn of the
wrist serving to throw the image of the
vibrating element from the rotating-
mirror viewing box into the camera,
and vice versa. Simultaneous visual
observations and photographic records
are not possible, but one may closely
follow the other.

Another part of the shelf equipment
consists of a mounting carrying a
cylindrical lens having a horizontal
axis. This lens is for the purpose of
condensing the pencil of light rays from
the galvanometer into a narrow hori-
zontal beam focused along the slit,
thereby increasing the intensity of
illumination many fold.

The TypE 838-L String Oscillograph
is designed to be operated from 110-
volt, 60-cps. current. In the majority
of cases the frequency of such a source
of current is carefully stabilized so that
it may be used to drive synchronous
clocks. It is frequently desirable to
utilize this regulated 60-cps. power
supply as a reference scale of time on

Aprin, 1931 3

the oscillograph records. For this pur-
pose, the Typr 407 Synchronous Shut-
ter serves to provide transverse time
lines across the film. The shutter con-
sists of an enclosed synchronous motor
driven by the 60-cps., 110-volt current.
The shaft of this motor, and the spoked
wheel carried thereon, rotate at an ex-
act speed of ten revolutions per second.
This motor is not self-starting but is
easily brought up to synchronous
speed by rotating the shaft with the
fingers. The shutter is so mounted on
the camera shelf that, as the spokes
come into a horizontal position on one
side, they momentarily cast a shadow
along the slit, thus giving a transverse
line on the film.

A five-spoke wheel is provided which
will, of course, mark the film in 0.02-
second intervals with one spoke short-
ened to identify 0.1-second intervals.
Models carrying a ten-spoke wheel
have been provided to mark the film in
0.01-second intervals, likewise identi-
fying the 0.1-second intervals. The
former is to be recommended except
for timing very high speed films.
Through a reduction gear system a
separate spoke marks the film along
one edge at one-second intervals. This
is advantageous in timing long ex-
posures.
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Ficure 3. Typical records taken with the string oscillograph and camera. The vertical timing lines

and the white spot (lower right corner of D)) were marked at 1 /50th-second and 1-second intervals by

a synchronous shutter. 4 is the record of a watch tick; B and D show the operation of a relay; C' shows
the starting and stopping of a vacuum-tube oscillator. Time increases from left to right

The accuracy of these time markings
is, of course, the accuracy with which
the alternating-current supply is main-
tained at 60 cps. The addition of the
synchronous shutter, which affords
accurately timed small-interval indi-
cations on the film, makes the whole
equipment a very accurate and useful
form of chronograph even though
the film speed of the hand-driven cam-
era may vary slightly. It is readily
possible thereby to time intervals to
0.002 second and with care to 0.001
second. Obviously, any other regulated
source of current may be used to drive
this synchronous shutter, as, for ex-
ample, an electrically-driven tuning
fork. Ficure 4. The Type 408 Oscillograph Camera
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With the No. 2 paper, the optical
system of the oscillograph provides
sufficient illumination for satisfactory
photography at any speed up to about
30 inches per second, which is about as
fast as the crank may be turned by
hand. The camera and oscillograph
may readily be used in open daylight,
the condensed illumination from the
galvanometer lamp being sufficiently
intense compared with ordinary illumi-
nation. It is best, however, not to have
a strong light shining directly into the
camera.

The many uses of the camera oscillo-
graph which will suggest themselves
to the experimenter may in general be
grouped into two classes: first, applica-
tions wherein a record of sustained or
transient waveforms is desired; and,
second, chronographic tests involving
the accurate measurement or compari-
son of time intervals. Double-string
records showing two independent phe-
nomena may, of course, be made as
readily as single-string records by sub-
stituting the double string-holder in
the galvanometer.

As examples of the former class may
be cited records showing the sound im-
pulses produced by small moving mech-
anisms such as clocks and watches,

ApriL, 1931 5

Ficure 5. The Type 407 Synchronous Shutter

records of the sounds produced by heart
beats, and records showing the making
and breaking action of relay contacts,
etc. As examples of the latter class may
be cited the timing of seismic waves in
geophysical researches pertaining to
the location of oil, the accurate com-
parison of two clocks, and numerous
other time-measuring problems. Actual
records showing some of these appli-
cations are shown in the accompanying
illustrations.

THE NEW OSCILLOGRAPH CAMERA

converts the oscilloscope model of the string oscillograph into
a recording model. Two units are required, although the third*

is a highly desirable purchase.

Type 408 Oscillograph Camera. ............ $175.00

Type 409 Camera Shelf . . .
*Type 407 Synchronous Shutter. ............

30.00

GENERAL RADIO COMPANY

OFFICES 4

LABORATORIES 7

FACTORY

CAMBRIDGE A, MASSACHUSETTS

Pacific Coast Warehouse

274 Brannan Street, San Francisco
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The General Radio Company’s frequency-standards room. At the extreme left is a relay rack carrying

the standard-frequency assembly we use for our own frequency measurements, and at the extreme

right are two assemblies being tested before shipment to purchasers. The remainder is experimental
equipment




A USEFUL SECONDARY
By Jomnn D.
CURRENT radio literature places

a great deal of emphasis upon the
truly remarkable degree of preci-
sion in frequency measurements which
one can obtain with a primary stand-
ard like the ones shown on the opposite
page. For a great many purposes,
however, a good secondary standard
yields all the necessary accuracy.
In many college laboratories, in radio
transmitter monitoring rooms, and in
broadcasting stations, for example, a
secondary standard is usually suffi-
cient, especially when used with multi-
vibrators for extending the range.
Last fall, J. K. Clapp, a General
Radio engineer, published data! show-
ing that under normal conditions, a
General Radio Tyre 376 Quartz Plate
operating in the broadcast band,
would maintain its frequency to within
=10 parts per million, when used in
the new Type 575 Piezo-Electric Os-
cillator. He has continued the work
with other kinds of plates and finds
that a group of specially mounted
100-ke. plates® can be relied upon to
within 4 4 parts per million. I hope to
be able to publish his results in an
early issue of the Experimenter. It is
sufficient for present purposes, how-
ever, to realize that a frequency sta-
bility of from four to ten parts per
million can be expected from commer-
cially available secondary standards.
If a multivibrator is connected to a
100-ke. piezo-electric oscillator, a long
series of harmonic frequencies can be
made available over a wide band of
frequencies. Suppose that-—and this
is usually the most convenient ar-

* Editor, General Radio Experimenter.

! James K. Clapp, “The Frequency Stability
of Piezo-Electric Monitors,” General Radio Ex-
perimenter, V, October and November, 1930.

2 As soon as a number of minor details are
arranged, the new 100-ke. quartz plate will be
formally announced and cataloged.

FREQUENCY STANDARD
CRAWFORD *

rangement — the multivibrator is made
to operate at a fundamental frequency
of 10 ke., its tenth harmonic being un-
der the control of the 100-ke. oscil-
lator. There will then appear in the
multivibrator output circuit harmonics
of 10 ke. all the way to the 300th. In
other words, the piezo-electric oscil-
lator and the multivibrator yield radio
frequencies at 10-ke. intervals from 10
ke. to about 3000 ke., and the fre-
quency of each is known with the
same percentage accuracy as the fre-
quency of the 100-ke. oscillator is
known; in other words, to within four
to ten parts per million.

The importance of a system of har-
monics, evenly spaced at 10-ke. inter-
vals, cannot be overemphasized. To
the broadcaster it means that he can
monitor the frequency of his own or of
any other station and, if the Radio
Commission shifts his frequency as-
signment to another channel, there is
no need for buying another set of moni-
toring crystals. To the radio inspector
it means that he can measure the fre-
quency of any station which he can
hear. To the radio laboratory it means
that a reliable source of standard fre-
quencies is available for calibration and
frequency measurements work.

There is another feature of this
system which is now important and
which will become increasingly so as
the art of frequency standardization
makes progress. By tying in another
multivibrator with a fundamental fre-
quency of 100 ke. it is possible to de-
rive a frequency of 5000 ke. which
may be checked against the weekly
standard-frequency transmission of the
U. S. Bureau of Standards. The same
scheme is used by Mr. Clapp in the
General Radio frequency laboratory
for comparing primary standards with
WWYV, the results of which were de-
scribed in the last Experimenter.

[7]
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GENERAL ORDER 106
By Cuarres T. BurkE*

RECENT General Order (106),
of the Federal Radio Commis-
sion dealing with the mainte-

nance of a station log, requires check-
ing and recording of the transmitter
frequency at 30-minute intervals. The
purpose of this measurement is pre-
sumably to reveal large changes in
frequency, due to loss of control in the
case of piezo-control transmitters, or
failure to maintain the transmitter
frequency when a monitor is being
used, or changes due to such contin-
gencies as failure of the temperature-
control devices.

While the General Radio Typre 532
Station Frequency Meter is not suited
for use as a secondary standard in
present-day practice, it is very well
suited to the measurement of small
frequency drifts since it may be read
to about 20 cycles, that is, frequency
differences of 20 cycles may be ob-
served, although the instrument will
not retain calibration of this order over
any great period of time.

The frequency meter should be
checked at intervals against the piezo
oscillator (master oscillator or moni-
tor) when the piezo oscillator is known
to be operating under standard condi-
tions. It will then constitute an excel-
lent means of observing drifts in the
transmitter from the monitor fre-
quency or loss of control in a master-
oscillator system.

The Type 532 Station Frequency
Meter consists of the usual resonance-
circuit type of wavemeter with some
additional features. A large fixed
condenser is shunted across the vari-
able, so that the entire scale of the
meter covers only 0.39, of the station
frequency, with the station frequency
in the center. There are ten scale di-

* Engineer, General Radio Company.

visions per kilocycle. In addition to the
spread scale, another feature contrib-
utes to the accuracy of setting of the
Type 532 Station Frequency Meter.
A small auxiliary condenser may be

Type 532 Station Frequency Meter

connected across the main condenser
by depressing a push button. The
capacitance of this condenser is suffi-
cient to shift the resonant frequency
of the meter from one side of the trans-
mitter peak to the other. The frequency
meter is adjusted until the galvanom-
eter reading is unchanged when the
button is depressed. This method of
locating the center or peak of the
resonance curve is much more accu-
rate than attempting to set to the top
of the curve by observing maximum
galvanometer deflection.

The price of the Type 532 Station
Frequency Meter is $130.00.

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD. N. H.
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ELECTRON OSCILLATIONS

By Epvarp Karprus*

‘ N TITH regular three-element
tubes, oscillations of about 3
meters can be produced with-

out great difficulty. Most of the tubes
would oscillate at still higher fre-
quencies, but the output is decreased
rapidly. It has been possible to produce
oscillations as low as 0.5 meter with
special tubes, but these have been only

General Radio

* Engineering Department,
Company.

laboratory experiments. One of the
difficulties in making a tube oscillate
at these high frequencies is the fact
that the inter-electrode capacitance of
the tube is too high and that it is not
possible to build tuned circuits with a
high enough impedance. Another diffi-
culty in the ecircuit is that the time
required for the electrons to get from
one electrode inside of the tube to
another is too long, so that capacitance

Ficure 1. An experimental ““Barkhausen” transmitter (right) and receiver (left). Mr. Karplus is
measuring the wavelength of the receiver with his small reaction-type wavemeter. Two socket adapt-
ers are on the table at the right

(1]
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Ficure 2. Relations between wavelength, power

output, and loudness of received signal in an

electron oscillator as a function of the ““distance”
or length of the Lecher wire system

and inductance are no longer the sole
frequency-determining elements of the
circuit.

An absolutely new method of pro-
ducing waves in tubes was first de-
seribed by Barkhausen and Kurz.!
The frequency of these oscillations is
not determined by a tuned circuit, but
essentially by the period at which
clouds of electrons oscillate in the
space between the electrodes of a tube.
These are called electron oscillations.
The theory of these oscillations is very
complicated and the first formula for
the wavelength, given by Barkhausen,
is only approximately correct.

1000 d
vV'E

where X and d represent wavelength
and the distance between electrodes
in centimeters, respectively, and E
represents the voltage between the
electrodes. The formula contains only
one distance and one voltage, and, in-

)

1 Zeitschrift fiir Physik, Vol. 21 (1920), 1.

deed, only two electrodes are necessary
to produce electron oscillations. In
practical application, however, three-
element tubes are used and the third
electrode is used to modulate oscilla-
tions in a transmitter and to detect
oscillations in a receiver. Contrary to
the first theory, Gill and Morrell 2 have
shown that outside connections to the
tube influence the frequency to some
extent. A more recent analysis of these
oscillations has been given, for instance,

- by Hollmann.?

Figure 1 shows on the left side a
receiver and on the right side an
oscillator for electron oscillations. The
high-frequency part of both of the
instruments consists only of the tube
and a few parts immediately connected
to it. On both sides of the tube the
doublet can be seen at the receiver,
and at the oscillator these are the two
rods at the right side of the tube. A
condenser in the form of a round disc
can be moved on these rods. The
different dials and instruments shown
in the two boxes are necessary to
control the voltages applied to the
tube. Figure 2 shows schematically
in its upper part how the wavelength
of an oscillator is changed when the
system connected to the tube is
changed. In the oscillator shown, that
system is changed by sliding the round
disc on the two rods which form a
system of Lecher wires. It can be seen
that by increasing the length of the
Lecher wires the wavelength is in-
creased almost linearly at first and
then reaches a constant value. Then the
wavelength drops suddenly to a smaller
value, increases again, and reaches the
same constant value as before. That
process can be repeated over the whole
length of Lecher wires.

2Gill and Morrell, Philosophical Magazine,
Vol. 44 (1922), 161 and Vol. 49 (1925), 369.

i H. E. Hollmann, Proceedings of the Institute
of Radio Engineers, Vol. 17, No. 2, February,
1929, 229.
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We have said that the wavelength
of electron oscillations depends on the
tube, the voltages applied, and to some
extent, on the connected system. To
decrease the wavelength, the voltage
must be increased. The efficiency of an
electron oscillator is very small, how-
ever, and by increasing the voltage,
the losses in the tube are rapidly in-
creased. In a three-element tube, the
electrode which is affected to the
greatest extent is the grid which has
to dissipate all the lost energy. As the
grid of standard tubes is not designed
for that purpose, the voltage that can
be applied is very limited. With most
of the standard tubes, waves of about
40 to 50 centimeters can be attained.
The UY-227, for instance, can be used
with 60 volts on the grid and oscillates
then at roughly 70 centimeters. With
8 volts on the grid, two-meter waves
can be produced. A tube that can be
used at shorter waves is the old CG-
1162,* for instance, that oscillates at
40 centimeters when 150 volts are
applied. Figure 1 shows three different
socket adapters so that different tubes
can be used in the oscillator. With
specially-designed tubes supplied with
a much stronger grid, waves of about 5
centimeters have been attained. The
energy available in electron oscillators
generally would not exceed 0.1 watt.

We mentioned above that quite a
satisfactory theory has been estab-
lished about electron oscillations, but
the question of receivers has not yet
been solved, at least theoretically.
Besides the crystal detector, none of
the other receiving methods used at
longer waves can be applied for electron
oscillations. It is possible, however, to
use an electron oscillator quite effi-
ciently as a receiver when an audio

4 These tubes are now becoming scarce, but
we believe that some are still available in salvage
stocks. — Ep1ror.
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amplifier is connected to the plate
circuit instead of the microphone used
in the transmitter. It has been possible
to communicate with telephony over
a distance of twenty miles, using
almost the same oscillator on both ends
as transmitter and receiver. The two
lower curves in Figure 2 show the best
operating points when an electron
oscillator is used as a transmitter or as
a receiver.

Figure 1 shows a wavemeter for 0.5
to 1 meter. It can be seen that the
whole inductance of the tuned circuit
is built of the same piece of metal as
the plates of the condenser. The
bakelite tube can be used as a handle
and is made long to avoid any capacity
influence. The wavemeter is direct-
reading and calibrated in wave-
lengths.

Besides scientific research, such as
the determination of dielectric con-
stants at high frequencies, heating
and changing of different chemicals,
and the biological influence on living
substances, waves produced by electron
oscillations can be very successfully
used in communication. The char-
acteristics of these waves roughly
between 10 centimeters and 1 meter
are straight-line propagation, a very
low noise level, the possibility of
concentrating energy, and the pos-
sibility of modulating with very high
frequencies. Most important is the
application in the navigation of ships
and aircraft. A system very similar
to the beacon system, applied in much
longer waves, is used to a great extent.
The advantage of the short waves,
however, is that a great many stations
can operate without interference in a
small area as the radiation is much
more limited to short distances by
nearly optical laws and can be con-
centrated much more effectively with
comparatively small reflectors.
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BEAT-FREQUENCY OSCILLATORS

By Cuarres T. Burke™

HE distinguishing characteristic of

the beat-frequency type of oscil-

lator is a wide range of output
frequency with a small variation in
circuit constants. The output of the
beat-frequency oscillator is, with
proper design, substantially constant
in voltage over the range for which the
instrument is designed. An instrument
of these characteristics has a number
of applications in the fields of test and
laboratory measuring
equipment. It is particu-
larly adapted to making
rapid adjustments in
apparatus designed to op-
erateovera particular fre-
quency range and in test-
ing such apparatus. In
both of these applications
the important feature is
the ability to make a
large percentage change
in frequency by the ad-
justment of a single con-
trol.

The desirable qualities of the beat-
frequency type of oscillator are ob-
tained by the use of two oscillating
circuits. In general, one circuit is of
fixed frequency while a means is
provided for varying the frequency of
the second oscillator. The difference, or
beat, frequency is detected and am-
plified to the desired voltage output of
the instrument. By proper choice of the
operating frequencies of the two com-
ponent oscillators, any desired range
of frequency may be covered with a
change in circuit constants within the
limits of conventional design of adjust-
able inductance and capacitance units.
The distinction between this feature
of the beat-frequency generator and

* Engineer, General Radio Company.

Ficure 1. Main tuning control for
the new beat-frequency oscillator

the operation of a vacuum-tube oscil-
lator appears from a comparison of the
factors governing the oscillator fre-
quency. In an oscillating circuit the
frequency of oscillation is inversely
proportional to the square root of the
capacitance and the inductance in the
circuit, consequently a given percent-
age change in frequency requires a
percentage change in capacitance twice
as great. Mechanical requirements of
design of condenser units
are such that the change
in capacitance required
to vary the frequency of
an oscillating circuit from,
say, 10 eps.! to 10,000 cps.
would require the adjust-
ment of several controls.
In the beat-frequency
generator, however, a
comparatively small per-
centage change in one of
the component oscillators
will make a large change
in the difference fre-
quency. If the component oscillators
operate, for example, at 100 ke, a
change of only 109, in frequency is re-
quired to cover the range of 0 to 10,000
cps. The corresponding change in ca-
pacitance is one that may be accom-
plished in a single adjusting unit.
Several formidable design problems
are encountered in the construction of
a commercial beat-frequency oscillator.
The very feature which we seek in the
instrument, that is, a large frequency
variation with a small change in circuit
constants, presents a serious obstacle.
If the instrument is to be at all satis-
factory, the output frequency must be
reasonably stable, yet a change as small

1 ¢ps. is used for “cycles per second” and ke.
for “kilocycles per second™ throughout.

[4]
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as 0.019, in the frequency of either
of the component oscillators at 100 ke.
would result in a 109, change in the
output frequency at 100 cps. Varia-
tions in frequency due to time and
temperature variations in the circuit
constants will be greater than this
under usual conditions. It was at first
suggested that the use of a piezo-
electric oscillator for the fixed-fre-
quency oscillator of the system would
be of benefit in overcoming this
trouble. Actually, the use of a piezo-
electric oscillator makes matters worse
since it eliminates in large measure the
possibility of drifts of the two instru-
ments offsetting each other. Fre-
quency changes, for example, due to
battery voltage, affect both oscillators
alike if they are similarly constructed.
The effect on the difference frequency
is greatly reduced. As a matter of fact,

May, 1931 5

the beat-frequency type of generator is
inherently unstable as to frequency and
while skilful design will reduce such
variations, the instrument cannot be
made to equal the conventional type
of oscillator in this respect.

A second deficiency of the beat-
frequency type of generator is likely
to be impurity of waveform. This may
take two forms: the presence of addi-
tional frequencies in the output due to
beats between harmonics of the com-
ponent oscillators, and distortion due
to tube-circuit characteristics. The for-
mer effect can be reduced by means of
careful filtering of the detector output
and by care in eliminating any coupling
between the two oscillators except that
which occurs through the detector.
The avoidance of distortion due to
tube and circuit characteristics de-
pends upon the correct operation of

Ficure 2. A Type 513-B Beat-Frequency Oscillator being used in development work on the new
cathode-ray oscillograph which is soon to be announced
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tubes, at low levels, and the use of
linear circuit elements. Circuits con-
taining iron-cored elements are par-
ticularly to be avoided.

The illustrations of this article are
taken from a commercial design of beat-
frequency oscillator which includes a
number of rather interesting features
which were developed in order to meet
the design diffi-
culties confronted
in this type of
instrument. This
beat-frequency
oscillator was de-
veloped by
Messrs. Eastham
and Arguimbau of
the General Radio
Company’s Engi-
neering Depart-
ment.

In order to re-
duce temperature
effectsso faraspos-
sible, the portions
of the circuit most
susceptible to such
variations have
been enclosed in balsa wood com-
partments. The heat conductivity of
this material is extremely low and
by its use the circuits are pro-
tected from the effects of minor tem-
perature variations. An effort has also
been made to equalize the tempera-
ture within the unit by the arrangement
of the metallic shelving. The tubes are
all placed at the side of the instrument,
and the important parts of the circuit
are enclosed in an aluminum compart-
ment formed by the shelves. The flow
of heat through the walls of this
compartment tends to equalize the
temperature within the cabinet.

With all of these precautions, how-
ever, frequency drifts are still present
in the oscillator. In order to correct for
the effects of such drifts on the instru-
ment, a zero adjustment has been

Ficure 3. Type 513-B Beat-Frequency Os-
cillator, interior view

provided. This consists of a small
condenser by means of which capaci-
tance can be added to one of the oscil-
lator ecircuits in order to restore the
circuit condition existing when the
instrument was calibrated. As a calibra-
tion check on the zero adjustment, a
vibrating reed is included in the
instrument. The natural period of the
reed is about 100
cps. and is accu-
rately determined
when the instru-
ment is calibrated.
The reed setting
i1s then engraved
on the main fre-
quency dial. This
provides a means
by which the cali-
bration of the in-
strument may be
accurately
checked at any
time.

The means
takenforthe elimi-
nation of harmon-
ics are not so ob-
vious from the assembly photograph of
the instrument. They include the use of
filters and the arrangement of parts and
wiring. An important feature is the use
of toroidal coils in the oscillating
circuit. The use of these results in a
great reduction in coupling between the
oscillating circuits as well as in the
stray field of the oscillator itself.

Another interesting feature of this
instrument is in the dial. It is desirable
to spread the scale as much as possible
in order to permit an accurate calibra-
tion and an accurate setting to fre-
quency in using the oscillator. A
straight-line-frequency condenser with
a 270°-rotation has been used and in
addition to this a dial of large diameter
(8 inches). This combination permits
a scale which is open and easily read
throughout the range of the instrument.
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MISCELLANY

Your ADDRESsS

\ A/ ITH the May issue of your Ex-
perimenter we enclosed either a
card or a letter which we asked you to
return if you wished to remain on the
mailing list. We take this opportunity
of thanking those who have already
replied and of reminding the others
that we expect to base our mailing list
for the June issue on the results of the
returned cards and letters. If you re-
ceived no such notification, please let
us know at once, enclosing, if possible,
the envelope in which this issue of the
Experimenter was mailed. No enclo-
sures were sent to Canadian subscribers
or to those whose names were added

after April 1, 1931.

New CaTALOG

ARLY this month we mailed to

every one of our laboratory-instru-
ment customers a booklet, Part 2 of
Catalog F, which lists the new instru-
ments we have developed since last
June when Catalog F appeared. If you
are entitled to a copy and have not
received it, please let us know.

A supplement to our Parts and Ac-
cessories Catalog (Bulletin 932) is in
preparation and will be mailed out
shortly to all holders of this bulletin.

* % %%
Typre 371
HE demand for the Type 371
Potentiometer in the 50,000 ohm
size has increased so much that this
size is now carried in stock, and we are
able to drop the price from $6.50 to
$6.00.

£ * * ¥

STANDARD INDUCTORS
‘ ‘ [E have available a very lim-
ited quantity of the Typr 106-H
5-Millihenry

Inductance Standards.

These standards are the same as our
regular cataloged ones, but are of a dis-
continued size. They formerly sold for
$25.00. We are selling them at $10.00
while they last.

& * * *

VacuuM-TUuBE SOCKETS

E are announcing a new group of
vacuum-tube sockets similar to

our standard line of sockets except
that Isolantite has been substituted
for a moulded material. This material
is non-porous and has low dielectric
loss at very high frequencies and low
surface conductivity. These sockets are
designed for use where such qualities
are of importance, that is, in high-fre-
quency oscillatorsandin photo-cell work.
Three sockets are being made of this
material. The Type 556 Socket has a
metal shell and is suitable for mounting

SERVICE-TESTING
INSTRUMENTS FOR
THE PRICE OF

You can now buy a genuine General
Radio Type 360-A Test Oscillator
and a Type 287 Ohmmeter for the
price of the test oscillator alone.
Both instruments are the finest of
their kind and carry the same guar-
antee as if each were purchased
separately. The test oscillator is
complete with test tools and a
calibrated oxide-rectifier output me-
ter. There are no extras to buy be-
cause none are required.

We advertised this in a national
dealers’ magazine after reserving a
thirty-day stock. When on May 5 the
offer expired, several instruments
still remained in this reserve stock.
These are being offered to Experi-
menter readers until July 10, 1931,
subject to prior sale, of course.

Price of both: $115.00
GENERAL RADIO COMPANY

OFFICES ...LABORATORIES... FACTORY
CAMBRIDGE A, MASSACHUSETTS
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four-prong tubes either with or without
the bayonet lock. The location of the
bayonet lock may be shifted to 45
degrees to accommodate the Western
Electric Company’s E Tube. The Type
657 Socket is designed for standard
four-prong tubes and the Typr 658 for
standard five-prong tubes. Both sockets
have a raised ring around the tube to
guidetheprongs wheninserting thetube.

THERMOCOUPLES

N the catalog description of the

Type 493 Thermocouples it should
be noted that the heading over the third
column should read ““Current to Give
10 Millivolts Open Circuit,” and that
the current for the Type 493-A Ther-
mocouple should be 275 and not 100
milliamperes.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

Type 513-B
Beat-Frequency Oscillator

OFFICES

THE NEW BEAT-FREQUENCY OSCILLATOR

Range: 10-10,000 cps.

Single frequency control

Calibration accuracy: 29,

Tuned-reed frequency check

Output: 30 milliwatts

Good waveform

Complete alternating-current operation

PRICE $450.00

Complete specifications for this instrument
appear in Part 2 of Catalog F which was
recently mailed to all of our laboratory-
instrument customers. If you didn’t get yours,
ask us for another copy of ““Catalog F-X.”

GENERAL RADIO COMPANY

LABORATORIES

CAMBRIDGE A, MASSACHUSETTS

FACTORY

RUMFORD PRESS
CONCORD. N. H.
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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

VOLUME CONTROL IN VOICE CIRCUITS

N 5(HE development of circuits
and apparatus for con-

T trolling the volume or

power level in voice trans-

mission circuits has been
a gradual and interesting one. In the
modern broadcasting station, sound
transcription, and talking motion pic-
ture studios, the control of the power
level in practically all of the audio-
frequency circuits is accomplished by
attenuation networks built up of re-
sistive branches.

It is possible, of course, to regulate
power level by changing the efficiency
of a circuit element such as the mi-
crophone or one of the amplifiers. An
affect of this sort can be realized by
varying the biasing voltage of a con-
denser microphone, by a change in
the direct current through the carbon-
button microphone, or by regulating
the plate and grid voltages of some of
the amplifier tubes. This, however, is
obviously not good practice because
all such elements are designed to give
the most effective performance by lack
of distortion, lowest noise level, etc.,

with fixed electrical values.
Resistive networks can be designed

to introduce no distortion of them-
selves and to give at once precise and
almost noiseless control of amplitude.

A typical volume control problem
that is encountered in a broadcasting
or sound studio might be outlined
something like this:

It is desired to control the power
output of three studio microphones
and an incoming telephone line so
that any one of the group may be
operated independently of the other,
and so that two or more may be
worked simultaneously into a high-
gain speech amplifier. This calls for
a “mixer control panel” on which are
mounted four resistive attenuation
networks of suitable design. These
are termed “mixers” and have two
important electrical characteristics.
One is that they have a constant im-
pedance as seen from its output and
the other that they introduce no ex-
traneous noise into the circuit. Figure
2 shows the diagram of such a circuit.

The mixer controls are of the L
type. Attenuation is accomplished by
decreasing the shunt resistance at the
same time increasing the series resist-
ance by a compensating amount. The
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Ficure 1. General Radio volume controls for recording and broadcast studio use. At
the right, the TypE 552 Volume Control; at the left, the Type 652 Volume Control with
its dust cover, knob, and dial removed

two switch arms move together and
the resistances that they cover for a
given angular rotation of the shaft are
so chosen that there is no change in
the output resistance of the combina-
tion regardless of their position. This
is very important because if the out-
put impedance did change, all of the
remainder of the units would be work-
ing into an impedance which varies
with the setting of one mixer. Thus
their combined output levels would
be affected by the setting of any one
control.

The impedance of an L-type control
on the microphone input side varies
widely.
portant because it simply changes the
reflection loss at the junction between
the microphone and mixer. Since this

This, however, is not im-

loss is taken into account in a prop-
erly designed L-type network, it is of
no further concern.

In Figure 2 the impedance of the
controls is shown as 50 ohms, the four

File Cous

connected in series giving a total im-
pedance of 200 ohms. It is nearly
always necessary to have, in the cir-
cuit following the mixers, a master
gain control. This is to regulate the
levels of all of the speech sources
together. The customary network for
this work is the H-type illustrated.
The H-type is chosen because it is
possible to obtain good balance to
ground of the mixer circuit and the
speech amplifier. This balance tends
to eliminate to a great extent pickup
and cross-talk noises in the leads from
the mixer circuit. If the leads are not
too long, or if the studio and control
room are free from power line dis-
turbances, a T-type network may be
used. Both the H- and T-type net-
works have a constant impedance in
both directions. This is also impor-
tant, because the speech amplifier is
designed to work from one definite
impedance. A change from this im-
pedance is apt to cause frequency dis-
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Ficure 2. Schematic diagram for a typical four-channel mixer and master
gain control installation

crimination at the input transformer.

The impedance of the complete
The im-
pedance of the master gain control is
200 ohms both at the input and out-
put, and the speech amplifier is de-
signed to work from 200 ohms. Thus
perfect impedance matching has been
accomplished throughout the circuit.
The mixer impedance of 50 ohms and
the amplifier impedance of 200 ohms
have been selected merely because
they are common values. The usual
output impedance of the microphone
circuit is 200 ohms. The proper im-
pedance-matching be-
tween this and the 50-ohm mixer has
been indicated in Figure 2. If it were
desirable to eliminate these trans-
formers or to work at a higher im-
pedance, say 200 ohms, the mixers
should be designed for this impe-
dance and connected in the series-
parallel arrangement. That is, a pair
of 200-ohm mixers connected in series
will have an impedance of 400 ohms,
and two pairs connected in parallel

mixer circuit is 200 ohms.

transformer

will have a resulting total mixer im-
pedance of the desired 200 ohms. The
usual impedance of telephone lines is
about 500 ohms, therefore, a suitable
impedance-matching transformer is
required here.

As distinguished by mechanical con-
struction there are two general types
of volume controls in use. The first
is one in which the resistance is
made continuously variable by sliding
switch contacts across wound wire
resistors in the manner of a potenti-
ometer. The other is one in which the
control is constructed of a number of
small fixed resistors connected to suit-
able fixed contacts. A switch arm con-
nects these contacts in the proper cir-
cuit arrangement and changes the
attenuation by discrete intervals. Fig-
ure 1 illustrates a balanced-H net-
work of the latter type. Each con-
struction has its own particular ad-
vantages. In general, the contact type
has a lower noise level, being between
6 and 15 decibels below the slide wire

controls. It has a larger contact sur-
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Ficure 3. This circuit is common in
mixer installations

face for the switch and a switch prop-
erly designed will wipe the contacts
clean of accumulated dust. This is of
particular advantage in sound record-
ing work where every effort is made
to reduce extraneous noise to the ab-
solute minimum. The calibration of
a step-by-step control can be made
very accurate without difficulty, and
readings can always be exactly re-
peated. This is important when the
over-all efficiency of the system is
checked frequently. It is also valuable
to be able to do this so that the change
in efficiency of the system may be
accurately checked when an alteration
is made in one of its units.

A step-by-step attenuator should
have a considerable number of dis-
crete steps in order to allow for accu-
rate adjustment of the level. The av-
erage ear can detect a volume change
of about two decibels. It is reasonable,
then, that a change per step of this
value or a little less should be about
correct for a control in a voice circuit.
The TypE 552 Volume Control illus-
trated in Figure 1 has twenty steps of
one and one-half decibels each.

The step-by-step type is almost uni-
versally used as a master gain con-
trol. As was mentioned previously a
relatively complicated H- or T-type
network is used in this position. It is
of the greatest importance that no
failure occur in this circuit since such
an accident would probably put a

bank of microphones and a speech
amplifier out of commission. For this
reason this control should be of the
most foolproof construction possible.

There are a considerable number of
different designs of slide wire volume
controls in general use. They differ
in mechanical construction but nearly
all employ some form of the electrical
circuit shown in Figure 3. In this sort
of circuit one slider 4 moves along
a shunt resistance across the micro-
phone output in the manner of a po-
tentiometer. At the same time a series
resistance is introduced into the cir-
cuit by a second slider B which helps
to compensate for the decreasing im-
pedance as seen from the amplifier
side as the switches move downward
toward zero output. The series re-
sistance also puts some additional
attenuation into the circuit. This cir-
cuit, or a variation of it, has been in
use for a long time and has proved to
be reasonably satisfactory.

The principal cause of trouble in a
slide wire volume control is the noise
which it is apt to bring into the cir-
cuit. They are used at places having a
very low power level and are followed
by a large amount of amplification.
For this reason any small noise caused
by moving the control is immensely
increased and consequently every ef-
fort is made to keep it at a low level.
There are four important sources of
noise in a slide wire control:

1) The contact potential resulting,
if the slider and the wire are of differ-
ent materials. Unlike metals placed in
contact with one another in air will
generate a feeble e.m.f. which is
enough to be very noticeable and
annoying under some conditions.
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2) Small dust particles getting be-
tween the slider and the wire thus
causing a momentary increase in re-
sistance or even an open circuit.

3) Ordinary electrostatic pickup in
the winding which is usually intro-
duced by hand capacitance.

4) The difference in potential be-
tween adjacent turns of wire pro-
duces a small click as the slider pro-
gresses from one turn to the next.

The contact potential trouble may
be corrected by using similar metals
for both the resistance wire and the
slider.

A good dust cover and an occa-
sional cleaning with carbon tetra-
chloride helps to correct the difficulty
from noise due to dust and dirt. The
electrical pickup can be largely elim-
inated by a shield around the wind-
ings and by placing them a little dis-

o

W
© o
TENUATION—DECIBELS
. . »
<

g'g-foﬂus :

T AND OUTPUT

——>> DECREASE ATTENUATION

Ficure 4. The ladder network has several
advantages in mixer work. It is used in the
new TYPE 652 Volume Controls

tance from the panel so as to insure
a fair separation from the operator’s
hand. Winding the resistor unit with
a large number of turns of small wire
reduces the potential difference be-
tween turns to a very low value and,
if carried to a limit, will practically
eliminate the trouble. The limit is
when the wire size becomes too fine
for ordinary handling and wear.

The ladder circuit shown in Figure
4. is admirably suited for microphone
mixer and other volume control uses.

Ficure 5. Terminal impedances and attenuation for a 200-ohm ladder type volume
control as a function of scale reading
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Ficure 6. A dial from a TypE 652
Volume Control

This type of network has been used
for some time in attenuators of Gen-
eral Radio standard-signal generators.
Its application in a modified form to
volume control devices in audio cir-
cuits was suggested by W. Robert
Dresser of Paramount News, Inc.

It has been utilized in the new Gen-
eral Radio Type 652 Volume Control
illustrated in Figure 1 and in Figure 6.
The electrical characteristics of this
unit are shown in Figure 5. The
photo-etched scale of the instrument
is calibrated approximately in deci-
bels of attenuation and is linear.

The linear attenuation

than in most controls of this type.
The output impedance remains con-
stant over the greater part of the scale
and drops to a minimum of 120 ohms.
The fact that the impedance does not
change from 200 ohms at infinite at-
tenuation is valuable because if sev-
eral units, such as microphones, are
set at zero output they will cause no
impedance change in the system.

The input impedance varies around
200 ohms with a total change of only
12 ohms from 0 to 45 decibels. At cut-
off the input impedance is 100 ohms.
When working from a microphone
circuit it is not necessary to keep the
impedance constant, providing that
the reflection loss is considered in the
calibration, but the fact that the im-
pedance does stay so constant suggests
that the unit may be used in any cir-
cuit where an approximately constant
impedance in both directions from a
control is necessary.

The ladder type of network requires
only one sliding contact. By wiring
to the switch by a pigtail connection,
the sliding contact at the bearing is
also eliminated. The resistance

card on which the

characteristic will be not-
ed as being particularly
desirable. This straight-
line attenuation charac-
teristic continues up to
about forty-five decibels,
and then increases rapidly
and uniformly to cut-off.
The minimum insertion

loss of the network is six
decibels, which is lower

slider moves has a total
resistance of 1200 ohms.
This high resistance
makes it possible to wind
the card with a large
number of turns of fine
Advance wire. The switch
itself is of Advance
metal backed by a stiff
phosphor bronze strip to
insure a firm contact.

ARTHUR E. THIESSEN

The author of the foregoing article is an engineer with the
General Radio Company. Volume-control and volume-
measurement problems are two of his specialties
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MISCELLANY

YOUR ADDRESS AGAIN 4 4 4 So heavy
has been the return of letters and
cards sent out with the April Experi-
menter that our mailing room has
been swamped. We had hoped to base
the mailing list for this issue on the
returned letters and cards, but we
are deferring this action for another
month.

If you wish to continue receiving
the Experimenter and have not al-
ready indicated your desire to con-
tinue, please do so at once. A card
mentioning your name and address as
it appears on the envelope enclosing
this issue will do the trick, if you
didn’t get a letter or card in April.
New readers and those residing in
Canada may safely ignore this sug-
gestion.

RADIO SHOW 4 a 4 Not everyone in-
terested in General Radio instru-
ments visited our demonstration at
the Radio Manufacturers’ Association
Trade Show in Chicago. It is for the
benefit of those who did not that the
following brief description of our ex-
hibits is presented:

Descriptive articles about each in-
strument will appear in future issues
of the Experimenter as well as in a
series of catalog supplements. The
latter will not, as in the past, be
mailed to all of our laboratory instru-
ment customers until the fall when
Part 3 of Catalog F will be issued. In
the meantime, catalog supplements
may be had on request. Ask for them
by the number( e.g. F-300-X) appear-

ing at the end of each of the following
descriptive notes.

Volume Controls — A small wire
wound unit for use as a mixing con-
trol in the recording or broadcast
transmission studio has just been de-
veloped. Quietness, uniformity of at-
tenuation variation, and constancy of
terminal impedance are its features.
(See the article in this issue of the
Experimenter or send for “F-300-X.”)

Standard-Signal Generators — One
of the new units is an inexpensive,
yet accurate, instrument for meas-
uring receiver sensitivity in produc-
tion and for maintenance work on
high-frequency police and airplane-
beacon receivers. Frequency range:
90-6,000 ke.; output range: 1-150,000
microvolts.

The second unit was designed for
rapid and precise measurement of
sensitivity, selectivity, and fidelity of
receivers in the broadcast band. Its
important applications are in circuit
development work and in making
thorough sampling tests on the pro-
duction line. Output range: 0.1 to
316,000 microvolts.

Both instruments are described in

“F-306-X.”

Cathode-Ray Oscillograph — The
General Radio oscillograph consists
of a new tube, a mounting for it, and
a power-supply unit for operating the
tube from the alternating-current line.
Extreme brilliance of the images,
long tube life, and alternating-current
operation are the principal features.

(Send for “F-303-X.”)

[7]
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MISCELLANY — Continued

Output Meters — With the aid of a
more sensitive meter, output meters
similar to the TypE 486 Output Meter
are now being built with impedances
of 8,000 and 20,000 ohms as well as
4,000 ohms. (Send for “F-302-X.”)

Audio Oscillator — This is an alter-
nating-current operated oscillator
with high output (0.5 watt) giving

frequencies of 200, 300, 400, 600, 800,
1000, 1600, 2000, 3000 and 4000 cycles
per second. (See “F-304-X.”)

Laboratory Amplifier — Operating
from self-contained dry batteries, this
unit has the stability and high gain
necessary for adapting photo-electric
cells to photometric and other meas-
urements. (Send for “F-301-X.”)

The General Radio Company mails the Experimenter,
without charge, each month to engineers, scientists, and
others interested in communication-frequency meas-
urement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY

30 State Street
CAMBRIDGE A, MASSACHUSETTS

Type 652 VOLUME CONTROLS

for recording and broadcast circuits

Type 652-MA

50 ohms

51 9.50

A~~~

Type 652 -MB
200 ohms

$19.50

TRY them under service conditions in your own
studio. Then note the low noise level, the small
amount of whip noise, the rugged construction
and the freedom from “dirt noise.”

Your operators will like the infinite attenua-
tion feature and your purchasing agent is sure to
like the price.

Order a unit from this price list or, if you prefer, write for Catalog

A~

Type 652-MC

500 ohms

$19.50

O E RN CHESSF e

Supplement F-300-X, which contains a complete description

GENERAL RADIO COMPANY

LABORATORIES =
CAMBRIDGE A, MASSACHUSETTS

EA'C T OLRY

File Co
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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

WHAT'S NEW IN RADIO

N previous years, the main
I interest at the Trade Show

of the Radio Manufac-
has

turers’ Association

centered in technical developments of
various sorts which have traced the
In
these shows the number and types of
tube, the type of loudspeaker, and
similar features have attracted great

development of radio receivers.

interest. Whole years have been iden-
tified by such developments as power
tubes, alternating-current tubes,
screen-grid tubes, and dynamic
speakers. The prevailing emphasis at
this year’s show seemed to be price
rather than any technical develop-
ment. The price range is wide, with
many receivers available at $40.00 to
$60.00, complete with tubes. One re-
ceiver was shown at approximately
$10.00.

As might be expected, no marked
performance improvements occur in
these sets as compared with the higher
priced sets current in previous years.
The sensitivity of the characteristic
receiver this season is in the neighbor-
hood of 30 to 50 microvolts—materially

less than that of previous seasons. Con-
siderable sacrifice of fidelity has un-
doubtedly been made in a number of
cases. Selectivity seems to be reason-
ably well maintained. Whether or not
radio presents better values than pre-
viously is a difficult question to answer,
since we are dealing with intangibles.
The user must answer for himself the
value in dollars of an increase in the
effective reproducing range of a re-
ceiver.

A number of interesting technical
developments appear in this year’s re-
ceiver and contribute materially to
the price levels, although it would
seem that little advantage has been
taken of the possibilities of these de-
velopments in improving perform-
ance as distinguished from perform-
ance at a price. The superheterodyne
circuit is almost universally used. The
emergence of this circuit is, of course,
not due primarily to a technical de-
velopment, but to the release of the
patents which have been available to
RCA licensees only since last August.
The outstanding advantage of the
superheterodyne receiver is improve-
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ment in selectivity and, in particular,
a gain in uniformity of selectivity
over the tuning range of the receiver.
The commercial models of receivers
having this circuit do not seem to be
any more sensitive than those of pre-
vious years using the tuned radio-
frequency circuit.

Another development which is in-
corporated in a number of receivers
is the so-called variable mu tube. This
is a recently developed vacuum tube
in which the amplification factor is a
function of the signal voltage im-
pressed on the tube, the amplification
factor decreasing as the signal voltage
is increased. The effect of this tube
is to limit increases in volume and to
decrease crosstalk and

cost of the audio amplifier for a given
output. An increase in phonographic
attachments and accessories is notice-
able. A large variety of automatic
record changers of various types were
on display. Home “‘talkie” equipment
was shown by a number of manufac-
turers.

The public interest in television is
obviously intense. Developments along
this line continue to progress slowly.
Demonstrations of two types which
are in operation in connection with reg-
ular broadcasts were given. The prin-
cipal advance has been the increase in
area of the receiving screen and also
the increase of the receiving field to
the point where full length figures may

be reproduced. When one

distortion in the radio-
frequency stages of the re-
ceiver.

Another technical devel-
opment is the pentode or
five-element power tube.
This tube greatly increases
the power-handling capaci-
ties of a stage of amplifi-
cation using a single tube
and greatly reduces the

ponders on the probable
type of television pro-
gram of the future in the
light of present audible
broadcast programs, one
wonders if the vast amount
of time and effort being put
into the development of
television could not be di-
rected in a more useful and
productive channel.

CHARLES T. BURKE

The author of these comments on the R. M. A. Trade Show is a veteran attendant
at radio shows. He is an engineer with the General Radio Company

VS

BEST SELLERS

INETEEN HUNDRED AND TWENTY-
N roUR and its desperate efforts to
keep up the weekly production of con-
densers seems long ago. The growth of
radio from hobby to industry is well
illustrated as it is reflected in the

File Courtes

following illustrations of a small
condenser and a standard-signal gen-
erator. In 1924 the General Radio
Company was selling condensers and
transformers by the hundred thou-
sands while preaching constantly the
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“. .. the rheostat-potentiometer group. ...  Left to right are arranged the TypE 371,
Type 214, Type 410, and TypE 301 Rheostats and Potentiometers

gospel of better laboratory methods to
the few receiver manufacturers of that
day. Most of the laboratory equip-
ment, however, was sold to govern-
ments. One of the largest orders for
laboratory equipment that year came
from Japan, to replace apparatus
destroyed in the great Tokyo earth-
quake. A business in laboratory equip-
ment that was already large in °24 has
grown with changes in the industry
until now it forms the company’s
main objective. Many radio com-
panies have come and gone in those
seven years, but it is interesting to
note that our largest accounts in the
instrument field at that time are still
the large accounts in 1931.

As radio came out of the kitchen
and great manufacturing companies
were organized to develop it, great
sums were spent on developing the art
and in perfecting manufacture. Grad-
ually the emphasis shifted until this
year our best seller, instead of a small
condenser costing $5.00, is a compli-
cated piece of laboratory equipment
costing $600.00. Much radio history is
summed up in that transformation.
Need we add that the comparison is
made not in units but in dollars.

Changed hardly less than our prod-
uct is the plant and organization. In-

teresting years — years of change and
growth usually are. Midnights when
trucks stood in the driveway while
equipment passed from work bench to
test laboratory (and sometimes, alas,
to work bench again) to shipping
room and to waiting truck—to be in
operation in the morning three hun-
dred miles away.

Curiously enough some parts are
selling better than ever before, mostly
to manufacturers who use them in
assembling laboratory and testing
equipment. Thus the combined total

“The TypE 371 Potentiometers . . . were sold
in some curious forms including tapered and
compensated windings”
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“The old Type 247 Condenser has fallen far

from the days of its glory™

of the rheostat-potentiometer group
actually tops the signal generator. It
also exceeds the precision resistor
group. The TypE 214 Rheostat was
the best seller of the group, being
largely used as current controls. The
Type 371 Potentiometers ran a very
close second. They were sold in some
curious forms including tapered and
compensated windings. This instru-
ment is used very extensively for
volume controls.

Far ahead in number of units,
though only tenth in dollars sales,
was the plug and jack group. It must
be confessed that one of our rare lapses
into commercialism was partly respon-
sible for this.
have been equipping most of our ap-
paratus with terminals to fit the TYPE
274 Plugs. The attention of purchasers

In recent years we

"

“In every race there has to be a finalist. . ..

The TypE 309 Socket Cushion

is thereby forcibly attracted to the
convenience of the plug connectors
and the habit is soon formed irrevo-
cably. The plugs have found all sorts
of uses both in our own laboratories
and in others. They have been also
adapted on some of our standard
equipment, and are sold in a number
of convenient combinations. The in-
genuity of the user suggests new com-
binations constantly.

The old Type 247 Condenser has
fallen far from the days of its glory.
A 1924 week’s production would last
five years now. While the condenser
group was fifth, the Type 247 Con-
denser was topped by several types of
laboratory condensers.

In every race there has to be a final-
ist — evidently the 1931 tube does not
require much cushioning.

78S

AIRPLANE BEACONS 4 4 a Because
of the severe service conditions under
which airplane beacon receivers must
operate, and because of the seriousness
of a failure in service, several transport
companies are subjecting their equip.
ment to rigorous inspection tests at

File Courtes;

regular intervals. Sensitivity is the
most important point to be stressed,
since most of the difficulties caused by
aging tubes, condensers, and resistors
show up in this measurement. The new
TypE 601-A Standard-Signal Generator
was designed for this service.
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THE CALIBRATED
ONE of the most annoying jobs en-

countered in a small laboratory is
that of obtaining accurate static char-
acteristics of vacuum tubes. Usually it
consists of varying a grid bias—by a
tapped battery, for instance—observ-
ing the value of this bias on a volt-
meter, and then measuring the plate
current. By the time the grid volt-
meter has been read, and the voltage
adjusted to even values so as to make
curve plotting easy, the vacuum tube
may have aged somewhat and its char-
acteristics changed. Where precise and

TYPE 554
VOLTAGE
Dl\/llDER

i/ @ |
> ‘ —+

Ficure 1. Circuit for taking grid voltage, plate-
current characteristics of a vacuum tube. A cali-
brated voltage divider facilitates many mea-
surements of which this is a simple example

y

ANAAAAAAR

rapid measurements are required, some
simple means of obtaining the desired
grid voltage in decimal steps is re-
quired.

The need for a voltage source adjust-
able in decimal steps is by no means
confined to the problem just men-
tioned. In fact this one problem is
typical of a host of others that fre-
quently arise, and enough of them occur
in routine laboratory measurements to
justify our designing a suitable instru-
ment.

This instrument is the General Radio
Type 554 Voltage Divider. It is a cali-
brated potentiometer in which the use
of tapped precision resistors permits

VOLTAGE DIVIDER

Z]
®,

Ficure 2. Many quantitative studies of de-

tector behavior may be worked out in low-

frequency “model” circuits. This diagram

shows how plots of plate current, as a function
of carrier voltage, are obtained

obtaining any decimal voltage ratio be-
tween 0.001 and 1.000 from a source of
either alternating or direct current. It
is the practical equivalent of the ex-
pedient adopted by many laboratory
workers when they use two decade re-
sistance boxes connected in series. To
make adjustments in this case, the to-
tal resistance is maintained constant by
removing from one box the same value
of resistance added to the other. This
method is obviously entirely feasible,

TYPE 554
VOLTAGE
DIVIDER

7 AAANWA
/ eoon ;
=L NETWORK
: "UNDER

TEST

el

TYPE 426
[ | vACUUM-
t

TUBE
|VOLTMETER

600N

Ficure 3. Circuit for measuring the loss in a

network having terminal impedances of 600

ohms. The voltage divider, in this set-up, in-

dicates directly the voltage ratio when the

voltmeter reads the same for both positions
of the switch

File Courtesy of GRWiki.org
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but it has the disadvantages of being
clumsy to manipulate and of requiring
vigilance to make sure that the sum of
the two resistances remains constant.
Four typical uses for the voltage di-
vider are shown in the accompanying
diagrams. Figure 1 represents the tak-
ing of vacuum-tube characteristics.
Figure 2 shows how the behavior of a
detector tube may be investigated by
the use of a low-frequency carrier. In
the model circuit, Z has the same value
(magnitude and phase angle) at the
low frequency as the load circuit
would have at the true carrier fre-
quency. Inter-electrode capacitances
in the tube are neglected, but even
these may be simulated by suitably
placed condensers of the proper value.
A way of measuring the insertion loss
of a network is shown in Figure 3. This
gives the loss directly as a

. ELECTROMETER
2 GAS-FILLED TUBE
TYPE 554
VOLTAGE
_DIVIDER
/

&
Al

F1GURE 4. A schematic representation of a typ-

ical ionization potential measurement. The

ionization potential for the gas in question is

the value of Vg, which is just sufficient to pro-

duce ionization as shown by deflection of the
electrometer

gaseous conduction. In the example
it is desired to find the value of poten-
tial Vg through which electrons
emitted from the cathode must fall to
ionize the gas inside the tube. When

voltage ratio which may be
converted into decibels
if desired. If the voltage
divider be placed in the
vacuum-tube voltmeter
circuit, the arrangement
becomes suitable for mea-
suring voltage gain.
Figure 4 shows the use-
fulness of a decade voltage
divider in experiments on

ionization occurs, the posi-
tive ions are attracted to
the negative ““plate” and
current flows in the electro-
meter circuit.

These are only a few of
the possibilities of the
TypE 554 Voltage Divider,
but they are enough to
demonstrate the fact that
it is a handy laboratory
accessory.

JOHN D. CRAWFORD

The author of these notes on the decade voltage divider is an engineer with the
General Radio Company and the editor of the EXPERIMENTER

TS

BRIDGE WORK 4 a a Preliminary ex-
perimental work here in the General
Radio Company’s laboratories indi-
cates that the combination of a stable
amplifier (like the Type 514-A Ampli-

fier), with an output meter, compares

favorably with the vibration galva-
nometer as a null detector in bridge
measurements. The amplifier-meter
combination has, moreover, certain
advantages in price and in freedom
from tuning difficulties.
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JUDGING METERS 4 a a Output me-
ters and other meters having multi-
pliers should be so designed that they
have a practically constant percentage
accuracy. This can be evaluated when
judging the suitability of such a multi-
range meter by plotting the full-scale
values for the different multiplier set-
tings on logarithmic paper. The points
obtained should be approximately
equally spaced. The new General
Radio TypE 483 Output Meters closely
approximate this ideal.

SIMPLE TUBE TEST 4 4 4 A tube manu-
facturer has suggested a new use for
the General Radio Type 404 Test-
Signal Generator. Arguing that the
only interesting fact about a tube is
whether it will or will not function
normally in a set, the suggestion is
made — why not try it in a set? Of
course such a test is not conclusive if
the tube is just stuck in the set and
the set tuned to a broadcast station
and a listening test applied. If, how-
ever, the receiver checked for input
required to give normal output, the
tube performance is very accurately
checked, and noise may be observed
at the same time. The tube may be
checked in its normal position in the
receiver, and the receiver takes care
of the supply of proper voltages.

VOLTAGE DIVIDER

This is a potentiometer made up from
precision resistance units like those
used in our decade resistance boxes.
The switching is arranged so that the ||
total resistance remains constant no
matter what portion of the total is used.

Price $175

This instrument is described on page 25 of
Catalog F. Foradditional information address

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

We suggest the use of a Type 404
Test-Signal Generator and Typre 486
Output Meter (equipment which we
trust available in every well
equipped service laboratory). The
input is adjusted and output meas-
ured for each tube, and defective
tubes are shown up, or good tubes
vindicated in a manner certainly more
convincing to the customer than any
tube tester provides.

is

S

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun-
ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY

30 State Street -

File Cou

Cambridge A, Massachusetts
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Testing a chassis for fidelity with a Type 600-A Standard-Signal Generator. In this photograph we see
from left to right the Type 513-B Beat-Frequency Oscillator, the Type 600-A Standard-Signal Generator,
the chassis under test, the Type 483 Output Meter and the General Radio Cathode-Ray Oscillograph

PRECISION AND SPEED
with the New Standard-Signal Generator

A complete set of standard sensitivity, band width, selectivity
and fidelity characteristics can be taken with this new instrument
in less than half the time and with greater precision than with any
other. Here are a few of the features which make possible this
outstanding performance :

N
E C O N O MY Output Voltage: Controlled solely by an attenuator
with 260 discrete steps to cover the range between (.1

- and 316,000 microvolts (an attenuation ratio of 3 million
a Vltal [actor to one). Accuracy 0.5% between adjacent steps.
Intelligent economy is the so- Leakage: Any two points on the panel (including

meters, terminals, etc.) are equipotential to less than one
microvolt. Magnetic field entirely negligible even when
testing 0.1 microvolt receivers.

lution for the problem which
harasses every chief engineer
in the radio industry today —

huwlogetgreater: "‘f‘““lls with Modulation: Any value between 0 and 1007 linear
reduced appropriations. amplitude modulation is obtainable. Frequency modula-

Midget sets selling for $50 tion and fly wheel effect are negligible. Percentage mod-
leavelittle margin for research, ulation indicated by a direct-reading meter whose

design and test, yet competi- operation is independent of the plate battery voltage.
gn 4 - :

tion is keener and tolerances

Selectivity: A £50-ke. control, calibrated at intervals
are pared closer to the bone

of 1 ke., facilitates taking selectivity and band width

than ever ]>e'lore.. More, not characteristics at the standard test frequencies: 600,
less, engineering is the answer 1000 and 1400 ke.

in radio, just as it was in the

4 s The price of the Type 600-A Standard-Signal Generator is $885.00
early days of the automotive

. Mg We will gladly send you a copy of catalog supplement F-306
industry. which describes this outstanding signal generator in detail

This means the use of up-

to-date laboratory apparas | GENERAL RADIO COMPANY

incorporating the economy OFFICES o LABORATORIES » FACTORY
factor — speed of operation,

as well as the old stand-bys, CAMBRIDGE A, MASSACHUSETTS
precision and ruggedness. DS BRITISH BRANCH : 40, BUCKINGHAM GATE, LONDON, S. W. 1
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The GENERAL RADIO
EXPERIMENTER
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AUGUST, 1931

ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

SPEEDING UP THE STANDARD-SIGNAL GENERATOR

This article describes the mechanical features of a new precision standard-signal generator
which materially speeds up routine standard measurements on broadcast receivers. The next
article by the designer of the instrument discusses its electrical features

=== YEAR or more ago, the
A General Radio Company
began a study of measure-
ment technique in the de-
velopment and design laboratories of
the radio industry. Attention naturally
focused on the standard-signal gener-
ator and its accessories, since one of the
set designer’s most pressing problems
is the evaluation of his models by
means of the standard I.R.E.-R.M.A.
broadcast-receiver tests. These tests
even take precedence over many im-
portant details of design, because every
engineer is a member of a commer-
cial manufacturing organization whose
management must be kept informed of
the performance of its product in com-
petition with that of other companies
in the field.

Conferences with representative en-
gineers in the industry shortly uncov-
ered the fact that improvements in
both the electrical and mechanical
design of standard-signal generators
would be welcome. Electrical improve-

ments would include such points as the
minimizing of frequency modulation,
the so-called fly-wheel effect, and stray
fields. Mechanical improvements would
include a rearrangement of controls
so that the standard tests could be
made with greater speed. This would
involve something of the same kind of
transformation that radio sets went
through in their progress from the
“three dial” to the “‘single control”
stage.

The result of the study was the new
Type 600-A Standard-Signal Gener-
ator in which many radically new ideas
in electrical and mechanical design
were worked out.

% % %

Any increase in the speed of manipu-
latinga standard-signal generatormust,
of necessity, be dependent on the oper-
ation of two controls: the output volt-
age adjustment and the frequency
adjustment. A third, the frequency
control of modulation voltage for fidel-
ity tests, must also be considered, even

sy of GRWiki.org
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NOGULRTION

1)

g ¥ tacon,

FicURE 1. Panel view of the TyPE 600-A Standard-Signal Generator. At the upper left is the

channel selection switch and immediately below it the selectivity or “kilocycles-off-resonance

control. At the right is the two-stage attenuator shown in detail in Figure 3 and to the left
of it the voltmeter for indicating attenuator input

though this audio-frequency source is
not usually a part of the standard-
signal generator proper. This point can
be disposed of at once by noting that
the recently developed Type 513-B
Beat-Frequency Oscillator meets all
the usual modulation-source require-
ments as to power output, purity of
waveform, and ease of manipulation.

A study of the different methods for
adjusting the output voltage of a signal
generator showed that a marked in-
crease in speed could be obtained if an
attenuator were built to cover the en-
tire range in small enough discrete

File Courtesy of

intervals to make reading a meter un-
necessary. Previous practice had been
to use the attenuator only as a multi-
plier for the ammeter or voltmeter
indicating the attenuator input. This
was excellent for certain types of work
but a great handicap where speed is
essential. This was due not only to the
necessity for an added control but to
the fact that interpolating on a meter
is a time-wasting process.

When the actual design of the at-
tenuator for the TypPE 600-A Standard-
Signal Generator was considered, it
was found that the decibel or logarith-

f GRWiki.org
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mic type had many mechanical advan-
tages. The logarithmic attenuator is
not only easier to build, but it makes
possible incremental variations in ac-
cordance with Weber’s law for the
response of the human ear to an excit-
ing stimulus. This fact was recognized
when the standard I.R.E. plotting
paper was laid out, since output
voltages, which are the ordinates on
the selectivity and sensitivity and
band-width charts are arranged log-
arithmically. Another advantage ap-
peared in the making of selectivity
test, and this will be referred to later on.

A clue to the solution of the fre-
quency-adjustment problem was fur-
nished by the specifications for the
I.LR.E.-R.M.A. standard tests. These
standards recommend the testing of
broadcast receivers for sensitivity and
fidelity at 600, 800, 1000, 1200, and
1400 kc., and the testing for selectivity
and band-width at 600, 1000, and 1400
ke. Since only these frequencies are
required. the obvious solution was to
build an oscillator whose frequency
was adjustable to the desired values by
means of a switch. This eliminated all
calibration charts and the loss of time
occasioned by changing from one fre-
quency to another. Later on it was also
found that this permitted simplifica-
tions in the arrangements for taking
band-width and selectivity runs.

By making selectivity tests at the
three standard frequencies only, we
could include an auxiliary dial con-
trolling three straight-line-frequency
condensers, one for each test frequency.
Then, by building a switching arrange-
ment into the main channel selector
switch, the frequency adjustments for
all tests were reduced to their simplest
terms.

Ficure 2. A selectivity curve, one of three

made by the writer in three and one-half

minutes with the Type 600-A Standard-Signal

Generator. The horizontal bar lines represent

band widths for their respective valpues of
input to the receiver under test

The significance of these radical
changes in the design of the output and
frequency-adjustment controls can best
be appreciated by noting the important
fact that these adjustments give, re-
spectively, the ordinates and abscissae
on the plotting paper for all of the
standard I.R.E. tests. These materially
speed up the curve-plotting operation;
in fact it is entirely feasible to take
data directly on the plotting paper.

To show the possibilities of the new
mechanical design, the writer, without
previous experience, made a three-
channel selectivity run on a commer-
cial broadcast receiver in three and
one-half minutes, using the TypE 600-A
Standard-Signal Generator. This in-
volved the taking of nine points on each
of three channels, a total of 27 separate
measurements.

Figure 2 shows the curve for the
600-ke. channel as plotted on paper,
which differed from the standard
I.R.E. paper in two respects only: the
“kilocycles-off-resonance’ scale was ex-

f—" # File Courtesy of GRWiki.org
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Ficure 3. Output voltage controls for the
Type 600-A Standard-Signal Generator. The
dials are now set for 178 microvolts or 45.0 db
above a reference level of 1 microvolt. If the
upper dial were moved clockwise one division,
the output would be 562 microvolts or 55.0 db

tended to 50 ke. instead of 30 ke., and
an intermediate set of ordinates was in-
serted between the lines representing
ratios of 1, 10, 100, 1000, and 10,000.
The “kilocycles-off-resonance”
was extended because the selectivity
control on the TyreE 600-A Standard-
Signal Generator spans that range. The

scale

intermediate scale of ordinates was
inserted to enable us to make a curve
having a greater number of points than
are called for in the standard testing
specifications. These were not used in
the test we are discussing, the num-
bered points only being taken. The
small hump located at the base of the
curve was taken in another test as
proof that 69
could give all necessary detail.

The logarithmic or decibel control of

voltage increments

output voltage on the standard-signal
generator is arranged as shown in Fig-
ure 3, the steps of the upper scale being
placed at intervals of 10 db, and the
steps of the lower scale being placed at
0.5-db intervals. Therefore, turning
the upper knob increases the output
voltage 3.16 times for one step and 10
times for alternate steps; turning the
lower knob increases the output volt-
age by about 69, for each step.

Since the output level for successive
ordinates on the standard selectivity
curve increases 10 times for every in-
terval, it may be seen at once that the
process of taking a selectivity run with
the new standard-signal generator has
been simplified considerably.

Refer to Figure 2, for example. Point
No. 1 is obtained by setting the chan-
nel selector at 600 kec., and the “kilo-
cycles-off-resonance” dial at zero, then
adjusting the output voltage until
standard output is obtained. The value
of voltage thus obtained, is, inciden-
tally, the sensitivity of the receiver at
600 ke.

Then the upper attenuator dial is ad-
vanced two steps which gives an “off
resonance’’ to “‘at resonance’’ ratio of
10 to 1. Point No. 2 is obtained by
turning the selectivity control until
standard output is restored, after which
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the control is turned to the high fre-
quency side to obtain Point No. 3.
This process is repeated until all nine
points have been obtained, when the
curves for 1000 ke. and for 1400 ke. may
be run.

On most receivers the overload point
is sufficiently low to protect the output
meter from damage as the dial is swung
through resonance on its way from
Point No. 2 to Point No. 3. On others a
satisfactory arrangement is to shunt
down the output meter for a moment.

Note that the data for band width at
each input level are given directly by
the sum of the selectivity control dial
readings for the two (high- and low-

frequency) positions.

As we said before, a complete run of
three curves was made in three and
one-half minutes, a time which would
probably be reduced considerably by
an experienced operator. Similar sav-
ings in time are obtained with the tests
for sensitivity and fidelity.

Compared with the time taken by
older methods, the new method seems
unbelievably fast, more so in fact when
it is realized that these tests are made
with greater accuracy than has ever be-
fore been possible with a commercial
standard-signal generator. The bene-
fits of this to a busy engineer are

obvious. —Jou~ D. CRAWFORD

TS
A LINEARLY MODULATED OSCILLATOR

HE use of high percentages of mod-
Tulali(m by commercial broadcast-
ing stations has materially altered the
problem of receiver design. A square
law detector when operated at low per-
centages of modulation gave entirely
satisfactory fidelity, since over small
regions a parabola is reasonably linear.
With high fractional modulation, how-
ever, such a receiver causes marked
distortion. This trouble has been de-
creased considerably by the use of so-
called “power” detectors which are
much more nearly linear. A standard-
signal generator to test such a receiver
should clearly be capable of linear
modulation up to 1009.

A further requirement is imposed on
signal generators by the greatly in-
creased selectivity of modern receivers.
In measuring the sensitivity of a re-
ceiver, it has been customary to vary
the input to a coarse-step attenuator
by means of a potentiometer, obtaining

File Cou

the output voltage as the reading of a
thermocouple meter multiplied by a
certain attenuation factor. This scheme,
while satisfactory with the broadly
tuning sets of a few years ago, causes
trouble with very selective sets, since
the potentiometer setting has an in-
herent reaction on the oscillator fre-
quency. The increased sharpness also
emphasizes the importance of freedom
from frequency modulation.

To meet these newly arisen demands
in the testing of modern broadcast re-
ceivers, the General Radio Company
set about the design of a new standard-
signal generator, the TYPE 600-A Stand-
ard-Signal Generator mentioned in the
preceding article.

The problem of varying the output
without reacting on the frequency was
readily met by the use of two resistance
networks. One (serving as a multiplier)
varied the input to a T network ar-
ranged to give 14 db (69,) increments.
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By means of these two networks (with
proper precautions to avoid leakage ef-
fects), it has been possible to provide a
voltage output range of 3 million to 1
(0.1-316,000 microvolts).! At the high
levels (100,000-316,000 microvolts),
the attenuator reacts somewhat on the
frequency. This reaction is not very
serious in practice, since data at such
high levels are not needed with nearly
as high precision as at the lower levels.

The main difficulty in design was ex-
perienced in attempting to get an oscil-
lator which would modulate linearly up
to 100%. The usual plate modulation
system having a grid leak and con-
denser in the oscillator circuit gives
fairly good characteristics with modu-
lations up to about 509, but at higher
values it becomes seriously non-linear.
Even at low modulations the calibra-
tion of the modulation meter depends
appreciably on plate voltage and simple
corrections are not always accurate.
Furthermore, attempts to modulate it
at high frequencies lead to dynamical
effects (sometimes called “fly-wheel”
or “inertia” effects), due to the finite
time taken for the oscillations to change
in amplitude when the plate voltage is
changed. These considerations led to
the discarding of conventional types of
oscillators and made it necessary to de-
velop an entirely new circuit.?

ISpace does not permit a discussion of this
part of the work. Special heterodyne circuits
in conjunction with a harmonic analyzer
made it possible to check all of these levels
with an accuracy of better than 2%,

2This circuit has been described by the writer
in a paper presented before the International
Scientific Radio Union (U. R. S. L) at
Washington, D. C., in May, 1931. It was
entitled “A Vacuum-Tube Oscillator Having
a Linear Operating Characteristic.” It is
being presented to the Institute of Radio
Engineers for publication.

Ficure 1. Functional schematic of the new
oscillator. Fractional modulation is given by

the ratio l}i,"’,', where Em is the peak voltage of

the modulating source (represented by the

generator symbol) and FEo is the rectifier volt-

age output which is proportional to its high-

frequency input. In practice, the grid battery

is the control for carrier amplitude and is ad-
justed to keep Eo constant

As is well known,? in order to estab-
lish equilibrium in an oscillator, the
vacuum tube must operate at a certain
effective plate resistance, the value of
this resistance being determined by the
constants of the resonant circuit and by
the amplification factor of the tube.
This resistance is usually obtained in
practice either by overloading of the
tube due to its non-linear character-
istics or by adjusting the external cir-
cuit to match the tube conditions by
means of a variable feed-back control.
In the newly developed circuit this
matching of plate resistance to the cir-
cuit is brought about by means of an
auxiliary rectifier which shifts the os-
cillator grid bias by an amount pro-
portional to the amplitude of oscilla-
tions. Since for oscillatory equilibrium
the plate resistance, and hence the ef-
fective grid bias, must stay constant
if the oscillator bias is arbitrarily

*See, for example, L. B. Arguimbau, “A Low-
Frequency Oscillator,” General Radio Ex-
perimenter, October, 1929.
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shifted by external means, the detector
output must shift to compensate for it.
But this means that the amplitude of
oscillations must change by an amount
proportional to the change in bias.
This fact provides the key to the whole
situation.

The interdependence of oscillatory
amplitude and rectifier bias together
with the external bias provides an os-
cillator whose amplitude varies lin-
early with a modulating voltage. All
that has just been outlined holds equally
well if the bias is varied slowly by an
audio source. This means that the os-
cillator provides a modulated wave
whose envelope varies linearly with the
instantaneous voice amplitude.

A little consideration will show that
under these conditions the fractional

modulation is given directly by the ra-
tio of the peak modulating signal (ap-
plied in series with the rectifier) to the
average rectified output. In practice it
has been found convenient to use the
rectifier bias as a measure of the input
to the signal generator attenuator,
keeping the reading constant by means
of a variable grid-battery bias. This
means that whenever the oscillator-
output meter on the generator is “set
to the red line” the rectifier output
voltage has a definite value. This fact
enables us to calibrate a voltmeter
connected across the modulating source
directly in percentage modulation
without making any corrections for

circuit conditions.
The use of this circuit makes it pos-
sible to approximate quite closely to

Ficure 2. L. B. Arguimbau (left), designer of the TyPE 600-A Standard-Signal Generator,
showingl John D. Crawford, another General Radio engineer, how to operate the instrument
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the ideal broadcasting station even re-
placing the single-frequency
modulation source by the output of an
actual speech amplifier if desired,
varying the output until the modula-
tion meter jumps most frequently
somewhere near the required percent-
age modulation. —L. B. ARGuMBAU

TS

CATALOG SIZE a a a Last spring when
we mailed out address revision cards to
our mailing list, we asked some 5000
readers to tell us which of two possible
sizes they would prefer for the General
Radio catalog. The two sizes were 6 by
9 inches (like the present Experimenter,
the Proceedings of the I.R.E., and a
number of other technical publications)
and 814 by 11 inches (like standard let-
ter paper and other material that is in-
tended for storage in a standard drawer-
type filing cabinet).

The results were overwhelmingly in
favor of the smaller 6 by 9-inch book.
The reasons for preferring one to the
other were almost as numerous as the
number of readers reporting, but all
seem to depend on the reader’s favorite
method for storing catalogs when not
in use. Some used the drawer file; others
a bookcase or desk drawer.

The actual results were as follows:

For the 6 by 9-inch size. . . .54.59,

For the 814 by 11-inch size .35.29,

Not voting or ‘“either
SUTET oo s T ER b5 v i, 10.39%,

usual

What clinched the argument was the
majority preference for 6 by 9 inches
and a reason best expressed in the com-
ment received from a well-known con-
sulting engineer. After invoking divine
wrath on the larger size, he adds,
“General Radio catalogs are as likely
to live with the reference books as with
the catalogs—or to perch in the top
desk drawer. The large size is a damned
nuisance in those places—the small size
goes anywhere—including files.”

We (the editorial we) feel that the
larger page makes the mechanics of
layout a little more simple; “the small
size goes anywhere” is, however, an al-
most indisputable argument.

Too many suggestions were received
to permit our acknowledging each one
individually. We, therefore, take this
opportunity of thanking those who
wrote in, and of assuring them that we
appreciate their assistance.

TYPE 600-A 4 4 a Formal commercial
information about the new TyPE 600-A
Standard-Signal Generatoris contained
in Catalog Supplement F-306, an-
nouncements concerning which have
appeared in previous issues of the
Experimenter. Extra copies are avail-
able and will be sent without charge
to interested persons.

The price of the instrument is $885
complete with tubes and dummy
antenna.
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SOME USES FOR A PRECISION CHRONOGRAPH

HE term chronograph may
T be applied to any instru-

ment which furnishes a
record of events with refer-
ence to their time of occurrence. De-
vices of this sort have long been known
and have found wide use in industry
and the arts.

Several examples of the chronograph
are to be seen in the recording barom-
eter, the recording thermometer, the
recording wattmeter, etc. In these de-
vices a rectangular or circular graph is
obtained on which one co-ordinate is
calibrated in some scale of time, while
the other co-ordinate is calibrated in
terms of pressure, temperature, power,
or whatever quantity is to be measured.
Records of this sort are obtained by
moving a strip or disc of paper at a uni-
form predetermined rate while a pen or
stylus travels across the paper in a
direction perpendicular to the motion
of the latter, the deflection of the pen
being proportional to the quantity
recorded.

Another use of the chronograph is
that of recording time intervals, as
exemplified by the siphon recorder,

wherein the to-and-fro motion of a pen
upon a moving strip of paper traces a
record indicating intervals of short and
long duration (dots and dashes) which
may be interpreted as Morse Code in
the transmission of intelligence.
Stillanotherapplicationof the chrono-
graph has to do with the measurement
of time intervals. It is with this latter
use that we shall deal in the following.
There are two separate methods which
may be employed for measuring time
intervals by means of the chronograph.
In one of these, means are provided
to produce a uniform motion of the re-
cording paper and to measure the
time interval directly in terms of the
linear displacement of the record. The
drum type of chronograph falls into
this class. A piece of paper is mounted
upon a uniformly revolving cylinder
and records of events are indicated by
the displacement of a line drawn by a
pen or by minute holes punctured in
the paper by means of an electric spark
at the beginning and end of the inter-
val. Obviously, the precision of such
measurements depends upon the uni-
formity with which the paper is moved.

ourtesy of GRWiki.org
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Ficure 1. The chronograph, consisting of a TypE 338-L String Oscillograph in which a motor-
driven TypE 408 Oscillograph Camera replaces the usual rotating-mirror box, and a TypE 407
Synchronous Shutter fitted with a special shutter wheel

The second method, which is inher-
ently capable of greater precision, con-
sists of making two simultaneous and
adjacent records upon the paper, the
motion of which need be only approxi-
mately uniform. One record is produced
by the phenomenon to be measured,
while the indication of the second rec-
ord is produced independently at stated
and accurately timed intervals and
serves therefore as the timing scale. An
example of such a double record is seen
in Figure 2.

This procedure may be extended to
the more elaborate triple record shown
in Figure 3. Here the time interval be-
tween two separate phenomena is
measured against the time scale which
is here given by the spaced dots along
one side of the paper.

There has recently been developed in
the laboratories of the General Radio
Company a high-precision chronograph
capable of making time-interval meas-

urements to better than the nearest
0.001 second. Such precise measure-
ments could not reliably be obtained
with any more-or-less ponderous pen or
stylus. The vibrating strings of the
Type 338-G String Galvanometer,
which is of the nature of an Einthoven
galvanometer, because of their small
mass and short period of vibration, are
inherently more quick and reliable in
response and more suitable for the pur-
pose. These strings are tuned to have an
undamped natural frequency of the
order of 2000 cycles per second. Apply-
ing the oil-drop damping to the strings
renders them essentially aperiodic. This
chronograph consists, therefore, of the
Type 338-G String Galvanometer, to-
gether with the TypE 408 Oscillograph
Camera described in the General Radio
Experimenter for April, 1931. For great-
er convenience and to obtain higher
paper speeds than can be realized by
hand cranking, this camera has been
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Ficure 2. A double timing record (full size) obtained by applying signal voltages to both
strings in a Type 338-P2 Double String Holder. Time increases from left to right

provided with a motor drive. A paper
speed of from 80 to 100 inches per sec-
ond is possible, using a highly sensitive
recording paper (Eastman Kodak Com-
pany No. 697).

The timing scale record shown in
Figure 2 was obtained as follows: A
synchronous motor having a shaft
speed of 10 revolutions per second was
driven either by the 60-cycle mains or
by the 1000-cycle frequency obtained
from the primary standard of the lab-
oratory. The shaft of the motor carried
a disc having a concentric ring of 100
uniformly spaced holes, the spacing
between holes approximating their
diameter. This “phonic” disc, shown
in Figure 4, was equipped with a mer-
curial stabilizer, thereby minimizing
any chance hunting of the motor. By
means of a radial slit, a light beam

was alternately projected through one
hole at a time and eclipsed. These light
impulses, 1000 per second, were passed
into a photocell which was followed by
an overloaded amplifier. The output
current wave from this amplifier was
applied to one of the two strings of the
galvanometer, the vibration of which
produced the sharply peaked waves
0.001 second apart. Measurements to
about 0.00025 second may be made
against such a time scale. The accuracy
depends obviously upon the accuracy
of the frequency driving the synchron-
ous motor. For convenience, every
twentieth impulse (0.020 second) was
omitted by leaving out the correspond-
ing hole in the disc. The tenth-second
interval (one point on the disc) was
specifically marked in the manner
shown. By thus indicating the multiple
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Ficure 3. A triple record having in addition to the two traces of Figure 2 a third one
made by a synchonous motor-driven shutter
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Ficure 4. A “phonic dise,” suitable for mount-

ing on the shaft of a TypE 407 Synchronous

Shutter rotating 10 times a second. Each hole

then represents 1 milli-second, the ¥i¢-second

and 20 milli-second intervals being indicated
by the spaces shown

time intervals, the records are easily
and quickly read and the chance of per-
sonal error minimized. The use of a
phonic wheel and the photocell is mani-
festly superior at these speeds to any
form of mechanical vibrating contact
and, in addition, permits the desirable
multiple unit markings.

The timing record, shown in Figure
3, was obtained by a similar 100-hole
disc driven by a synchronous motor.
This timing unit, shown in Figure 5, is
so placed that the disc interceptsdirect-
ly the edge of the light beam falling on
one end of the camera slit and accu-
rately prints a series of dots 0.001 second
apart along one side of the paper. The
same system of multiple interval mark-
ings is employed. The latter procedure
eliminates the photocell and amplifier,
gives a record readable at least to
0.0005 second, and, with the double-
string element in the galvanometer,
permits a triple record.

File Courte

The complete assembly of the chron-
ograph shown in Figure 1 consists of
the Type 338-G String Galvanometer
and base cabinet together with the
camera and synchronous shutter which
are mounted in place of the rotating
mirror viewing box. The instrument is,
of course, a photographic recording
oscillograph. Obviously the oscillo-
graph assembly shown in the April,
1931, Experimenter may be used as a
chronograph by adding the motor drive
to the camera for high speed work.

One of the important uses for which
this precision chronometer is well
adapted is the accurate comparison of
two clocks. Separate impulses from the
clocks may, at stated times, be put in-
dividually upon the two strings and a
triple record obtained showing the time
interval between these impulses, so
that highly accurate rates of the clocks
can be measured hour-by-hour or day-
by-day. It is wise, when working with
such precision, not to introduce relays,
etc., with their variable time lags, be-
tween the clocks and the galvanometer
strings. Some technique employing
photocells and eclipsing light slits car-
ried by the primary moving member of
the clock, that is, the pendulum, is to
be recommended.

It is proposed shortly to make an in-
teresting use of this chronograph in a
routine daily measurement in our lab-
oratory. The General Radio piezo-
electric primary frequency standard
contains a synchronous clock driven by
the standard 1000-cycle frequency.
This clock is checked daily against
Mean Solar Time by means of the U. S.
Naval Observatory radio time signals.
The motor shaft driving this clock, and
turning ten revolutions per second, car-
ries an electromagnetic generator which

sy of GRWiki.org
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gives an electrical impulse of exceed-
ingly short duration once per revolu-
tion. These impulses, spaced 0.100
second apart, are recorded on one
string of a triple record while the other
string receives the audio note of the
radio time signals, the “nose’” of which
is thus compared with the synchronous
clock. Although the impulse from the
clock generator is less than one milli-
second in duration, the recorded im-
pulse on the string lasts about ten milli-
seconds. This is due to the action of the
energy-storing elements of the ampli-
fier. The nose of this clock impulse can,
however, be determined with great ac-
curacy. A heterodyne type of radio re-
ceiver is employed with suitable audio
tone filters which serve to minimize
extraneous disturbances and to render
the nose of the time signal more clearly
defined. By averaging the records of
several successive seconds, a compari-
son to about 0.0002 second is antici-
pated.

In order to minimize the amount of
photographic paper required for such a
series of observations, a “sampling”
technique has been perfected. By
means of an auxiliary synchronous cam
contact driven by the standard fre-
quency and closed for about 0.2 second
every second, it is possible to start and
stop the camera motor for a short pe-
riod during each second, thus using
about 18 inches instead of 100 inches
of paper for each second recorded. By
proper adjustment of this cam “within
the second,” the paper will be traveling
at maximum speed at the instant of
arrival of each nose of the radio time
signals.

Many and varied applications of
such a precision chronograph will occur
to our readers. The time of throw of a

relay armature between back and front
contacts, and also the time lag be-
tween the application of voltage to a
relay and the make and break of itscon-
tacts are readily measured. Numerous
problems involving the precise meas-
urement of velocity would offer possi-
bilities for this instrument. The “pick-
up”” and speed of an athlete or motor
vehicle traveling over a race course and
intercepting a succession of light beams
passing into photocells may be meas-
ured with a precision far exceeding that
obtained by any stop-watch technique.

Another application which should be
of considerable importance concerns
the measurement of the speed, the ac-
celeration, and the deceleration of any
form of revolving shaft. This merely
requires some form of phonic disc or its
equivalent mounted upon the shaft to
intercept a light beam passing into a

Ficure 5. A Type 407 Synchronous Shutter,
fitted with a shutter wheel like that shown in
Figure 4

File Courtesy of GRWiki.org
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photocell which in turn energizes one of
the galvanometer strings with a pul-
sating current whose increasing or de-
creasing frequency may accurately be
measured against the time scale. If, on
the other hand, it is mechanically fea-
sible, the phonic disc on the shaft may
intercept directly the light passing
through the camera slit and thereby
print a photographic record on the re-
cording paper. In this manner auto-
motive engineers might apply such
equipment to study the irregularities
of shaft rotation due to lack of balance
and to investigate the “slip and grab”
action of brake systems.

In the fields of medicine and psychol-
ogy there are many uses for the chrono-
graph as, for instance, in the timing of
nerve action currents and in measuring
reflex responses to shock or to visual

and aural stimuli. The acoustical en-
gineer is interested in the measurement
of short time intervals in the study of
reverberation characteristics of en-
closed spaces. Here is an instrument
which should give accurate data of
this sort.

The study of radio wave propagation
and the timing of sky wave echoes re-
quires some form of high speed chrono-
graph. With these random suggestions
we leave it to our readers to expand
the list of possible applications.

The price of the chronograph equip-
ment, complete with motor-driven
camera and synchronous shutter for
operation from a 110-volt, 60-cps. sup-
ply, is $468.50. All items but the
motor drive for the camera and the
special “phonic disc” are carried in
stock. —HoraTio W. Lamson

S

WAGNER GROUNDS a a a There are
two possible means of avoiding errors
in bridge measurements due to unbal-
ances of the power source to ground.
One is to isolate the power source from
the bridge by means of a well shielded
and balanced transformer; the other is
to employ a Wagner Ground which,
in efféct, shifts the ground point of the
power source to agree with the ground
point of the bridge. Unbalances of the
power source are annoying because they
introduce shunt impedances on opposite
sides of the bridge which are not in the
same ratio as the ratio arms. In some
circuits this is particularly troublesome
and unless precautions are taken large
errors are introduced.

Where the ratio arms are fixed and
equal, as in the Type 216 Capacity
Bridge, it is possible to design a power-

The TypE 193 Decade Bridge with a TypE
193-P1 Wagner Ground attached

File Courtesy of GRWiki.org
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supply transformer which isolates the
bridge from the source and introduces
shunt capacitance equally on the two
sides of the bridge. In a bridge with ad-
justable ratio arms, such as the Typrk
193 Decade Bridge, however, it is ob-
viously impossible for a single trans-
former to achieve balance under all
conditions. For this work the General
Radio Company recommends the Wag-
ner Ground and has developed a unit
for attaching to the latter instrument.

The Type 193-P1 Wagner Ground
consists of a 400-ohm potentiometer
which is intended to be connected in
parallel with the power source. This
unit, with the ratio arms of the bridge,
forms an auxiliary bridge, balance of
which indicates that the apparent
ground of the power source and the
ground in the bridge are at the same po-
tential. Provision is made for inserting

an additional 500 ohms on either one
or both sides of the potentiometer.

A switch is also incorporated in the
unit for connecting the phones or
other balance indicator either to the
bridge or to the Wagner Ground. At
the same time this switch furnishes an
easy means for shifting the resistance
balance arm from one side of the
bridge to the other.

The price of the unit is $20.00.

WAVEMETERS a 4 a Recent experi-
mental work by General Radio en-
gineers seems to indicate that the
precision frequency meter of the
future will be similar to those shown
in the accompanying photograph.
These were built for the United States
Coast Guard and had their counterpart
in another design and construction
order from the United States Navy.

Calibrating a group of special self-checking heterodyne wavemeters designed and built by
General Radio for the United States Coast Guard
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In general, a self-calibrating hetero-
dyne wavemeter consists of a hetero-
dyne oscillator fitted with interchange-
able coils and a straight-line-frequency
condenser for covering a wide band of
frequencies. A piezo-electric oscillator
is also included, harmonics from which
serve to furnish points at which the
calibration of the heterodyne may be
checked. It is also possible by this
arrangement to abandon the use of a
calibration for the heterodyne except
as a rough one is needed to help
identify harmonics. By giving suffi-
cient attention to the linearity of the
tuning condenser, it is possible to so
construct the instrument that inter-
polation between adjacent crystal har-
monics is carried out by a simple
graphical process.

As an example of the possible range
of such an instrument, the ones shown
in the photograph covered 150 to 500
ke. and 2200 to 4280 ke. using two
piezo-electric oscillators, one at 100 ke.
and one at 110 ke.

CAPACITY BRIDGE, TYPE 216 4 4 4 A new
instruction book for the Type 216
Capacity Bridge has just been com-
pleted and copies are available without
charge to those who own the bridge.
The book not only gives suggestions for
the use of the bridge but includes a
detailed discussion of its principle of
operation. Two charts to aid in com-
puting power factor and dielectric con-
stant are included.

Please mention the serial number
of your bridge when writing for your
copy of the book.

THERMOCOUPLES a a a4 In addition to
the line of contact-type vacuum-
mounted thermocouples described in
Part 2 of Catalog F, the General Radio
Company is about to announce sepa-
rate heater thermocouples mounted in
the same style of bakelite case. An
article discussing the general principles
of thermocouple design and describ-
ing the General Radio thermocouples
will appear in the next issue of the
Experimenter.
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THERMOCOUPLES

N the practical system of

electrical units, there are

I two fundamental quanti-

ties, namely: the unit of

electrical charge (the coulomb) and the

unit of resistance (the ohm). All other

units are defined in terms of these two.

The measurement of all electrical

quantities, and hence the calibration

of electrical meters, must, therefore,

be referred back ultimately to the
coulombmeter.

The coulombmeter can measure only
the preponderance of charge-motion, or
current, in one direction. Its use is,
therefore, restricted to the uni-direc-
tional motion of electrical charge.

In order to measure alternating
movements of electrical charge, we are
obliged to utilize some manifestation of
charge-motion which is independent of
the direction of motion. This may be
done most satisfactorily by converting
the energy of charge-motion into heat
energy in the electrocalorimeter. If a
charge () is moved through a resistance
R in a time T the amount of the heat
energy (measured in joules) produced
is given by multiplying the resistance

(ohms) by the square of the ratio of the
charge (coulombs) to the time (seconds).
Thus the electrocalorimeter for alter-
nating currents plays an analogous role
to the coulombmeter for uni-directional
currents.

If we assume a state of thermal
equilibrium in the resistance, the tem-
perature of the resistance will be a
function of the square of the derivative
of Q with respect to T, that is, a func-
tion of the square of the instantaneous
value of the current. A convenient
method of measuring the temperature
of this resistance is to associate with it
a thermocouple junction, the operation
of which depends upon the Peltier
effect, which may be described briefly
as follows: If a circuit is made up of
two materials, A and B, there must be
two points, M and N, where A meets B.
If the junctions M and N are of differ-
ent temperature, there will exist in the
circuit an electromotive force (Peltier
voltage) whose magnitude depends
upon the nature of the materials A and
B and upon the temperature difference
between the junctions M and N, and
whose polarity is determined by the

File Courtesy of GRWiki.org
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Ficure 1. Typical thermocouples. Left : Mutual type. Center : Contact type
Right : Separate heater type

relative temperatures of M and N.
From the foregoing it will be evident
that, if one of these junctions is brought
into association with a resistance which
is carrying a current and which is in
thermal equilibrium, the open circuit
voltage developed will be accurately a
function of the root-mean-square value
of the current in the resistance.

Such an instrument is called a ther-
mocouple and, indicating as it does
exact root-mean-square values of any
varying current, it may well serve as
the primary reference instrument for
all alternating-current measurements.
The thermocouple may, of course, be
calibrated in terms of direct current by
reference to the coulombmeter or to a
d’Arsonval ammeter which, in turn,
has been calibrated with reference to
the coulombmeter.

Thermocouples may be classified
into three separate types: the mutual
type, the contact type, and the sepa-
rate heater type (see Figure 1). In the
mutual type, the elements of the junc-
tion constitute a resistance which is
common to the circuit carrying the
current to be measured and to the
galvanometer circuit used to measure
this current in terms of the thermo-
electric current produced by the heated
junction. In the contact type of couple
there is no mutual impedance between
the two circuits, the junction being in
electrical contact with the heater re-
sistance at one point only, while in the
separate heater type the junction and

File Court

the heater resistance, although they
may be physically joined, have no con-
ducting path between them.

The mutual type, which is the
simplest to manufacture, possesses
some serious disadvantages due to the
mutual impedance. Since the current
from the generator divides between the
galvanometer and load, a shunting
error is introduced which, being a
function of the frequency, makes it
somewhat difficult to calibrate this
type of thermocouple in terms of direct
current. Furthermore, unless a con-
denser intervenes, a part of the thermo-
electric power is dissipated through the
generator and load which, of course,
reduces the sensitivity. The mutual
couple has also a reversal error which
makes the calibration in terms of direct
current a function of the direction of
the current. This reversal error may
be eliminated by taking the trouble to
find the mean of two reversed direct-
current readings for each point ob-
served in calibrating the device. If,
however, the alternating-current wave
from the generator is not symmetrical
with respect to the zero axis, the
reversal error may introduce an appre-
ciable discrepancy in the readings.

Using a mutual type junction, if we
wish to alter the current sensitivity by
changing the value of the mutual resis-
tance of the junction, we are obliged
to change the resistance of the galvan-
ometer to match if we are to obtain
maximum over-all efficiency.

esy of GRWiki.org
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These objections are very much
minimized in the contact type of
couple. Here the shunting error is
negligible and the reversal error may
be made very small (less than 19) so
that an accurate direct-current calibra-
tion may be obtained by taking the
mean of reversed direct-current read-
ings. The frequency error is nil except
at very high frequencies where the
heater resistance becomes modified due
to skin effect and the presence of an
appreciable amount of leakage react-
ance due to the distributed capacitance
of the heater or capacitance to ground.

The separate heater type, of course,
can have no reversal error. In the
earliest types, the junction was usually
inserted within a helical heater. How-
ever, in order to obtain a maximum
sensitivity equivalent to that of the
contact type, the junction and heater
are generally bound in physical contact
by means of a bead of insulating ma-
terial. The thermal capacity of this
bead renders the separate heater type
of couple somewhat more sluggish in
response to heater-current changes
than the contact type. The separate
heater type, which was first introduced
in 1919 by the General Radio Com-
pany, is often very useful in certain
high-frequency measurements where
the capacitance of the galvanometer
system to ground would introduce very
appreciable errors should the contact
type of couple be employed.

In the separate heater and contact
junctions the resistances of heater and
couple are independent, permitting a
single couple resistance to be combined
with various heaters giving couples
which may be used interchangeably
with a single meter.

File Court

The temperature of a given heater
resistance passing a given current and,
hence, the sensitivity of a thermo-
couple, can be increased considerably
by placing the couple in an evacuated
container, thereby minimizing greatly
the cooling action due to convection
currents.

The General Radio Company has
provided a series of vacuum thermo-
couples of both the contact and the
separate heater types. These couples
are mounted in a convenient moulded
bakelite housing which is provided with
four pin plugs, giving an assembly
designated as the Type 493 Thermo-
couples. The name plate indicates the
heater and couple terminals, as well as
the heater and couple resistance and
the rated current. This assembly con-
tains also an eccentric alignment pin
which prevents interchange of the
terminals when the assembly is in-
serted into suitable switch jacks. The
Type 274-RJ Mounting Base and the
Type 298-B Meter Mounting are both
convenient for use with these inter-
changeable thermocouples.

For use with such thermocouples, the
General Radio Company has provided
the Type 588-AM Direct-Current-
Meter. This meter has a resistance of
10 ohms, requires 500 microamperes
(5 millivolts) for full-scale deflection,
and has a uniform 50-division scale
graduated from 0 to 50 which is very
convenient for making and using
thermocouple calibrations. This meter
is supplied mounted in the TypE 298-B
Meter Mounting.

A list of the thermocouples carried
in stock, together with descriptive data,
appears in Catalog F, Part 3, pages 221
and 222. — Horatio W. Lamson
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A STABLE LABORATORY AMPLIFIER

HE recent development of oxide-

rectifier instruments has produced
a high impedance alternating-current
voltmeter useful over the entire audible
frequency range. In this device, advan-
tage is taken of the high sensitivity and
high resistance of direct-current instru-
ments, using them in conjunction with
a copper-oxide rectifier.

The characteristics of the oxide
rectifier and associated meter limit the
best voltage sensitivity which may be
obtained to approximately two or three
volts full scale. In applying such in-
struments to circuits requiring a more
sensitive indicator, such as the detector
of a bridge circuit, greater sensitivity
is required. This amplification of sen-
sitivity can readily be obtained by
means of a vacuum-tube amplifier.

An amplifier for this purpose should
have a wide band of transmitted fre-
quencies and a high gain. The power
output is of secondary consideration,
since comparatively little power is
required to operate the indicating
instrument.

The General Radio Company has
recently developed an amplifier for
this and similar applications. This
amplifier (Tyre 514-A) has a gain of
about 250 and a transmission range of
approximately 20 to 100,000 c¢ps. The
power output is about 7 milliwatts.

If an amplifier of these general
characteristics is employed as a de-
tector in a bridge circuit using a
20,000-ohm meter as an indicator, sub-
stantially the same sensitivity of
bridge balance can be obtained at all
frequencies within the range of the
amplifier as is possible with telephones
applied directly to the bridge at 1000
cps. The advantage of the visual indi-

cator even at 1000 cps. is very great,
particularly where a large number of
observations are to be made. The am-
plifier and meter extend the range well
beyond that possible with telephones
or alternating-current galvanometers
of any commercial type.

If used with a common indicating
device which will respond at super-
audible frequencies, the amplifier offers
a null detector for bridge circuits oper-
ating at frequencies as high as 100 ke.
Throughout a good deal of the audible
range, the sensitivity is equivalent to
that possible with standard telephones
applied directly to the bridge, since
telephone and ear sensitivity fall very
rapidly as the frequency departs from
1000 cps. The sensitivity when using
the oxide meter and amplifier is some-
what less than that obtained with the
best direct-current wall galvanometers,
but is comparable to that obtained
with the less expensive direct-current
galvanometers. The high input im-
pedance of the amplifier is a distinet
advantage in high-impedance bridges.
If, instead of a meter, telephones are
used on the output of the amplifier, a
far greater bridge sensitivity is avail-
able at 1000 cps. than can be obtained

Type 514-A Amplifier and a TypE 588-DM
Alternating-Current Voltmeter
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with any commercial galvanometer at
direct current or at natural period for
vibration galvanometers.

Where very great sensitivity is re-
quired, it is possible to cascade two of
the Type 514-A Amplifiers. Where
this is done, some protection of the first
unit from acoustic vibration is essen-
tial. With two of the amplifiers in cas-
cade, a greater sensitivity is obtained
than is possible with any commercial
type of galvanometer.

The Type 514-A Amplifier is, of
course, not limited in its application to
bridge circuits. It can be used as a
voltage multiplier in general measure-
ment work and when so used, can be
calibrated. Other applications include
photo-cell work. An interesting feature
of the amplifier is a terminal plug
which permits use of the amplifier bat-
teries for external circuits. This feature

is of particular advantage when using
the amplifier in photo-cell circuits.

The TypE 514-A Amplifier has a flat
frequency characteristic from 20 to
100,000 cycles. The amplification is
approximately 250 to 1 over this range.
The input impedance is one megohm
and the optimum load impedance,
20,000 ohms. Twelve volts will be
maintained across this load with a
230-type tube in the output. For
lower impedance loads, a 231-type
tube is recommended. With this tube
in the output, 15 volts will be main-
tained across an external load of 50,000
ohms and the voltage amplification will
be in excess of 50 to 1. A potentiometer
is provided for control of amplification.

The Type 514-A Amplifier can be
provided either for cabinet or rack
mounting. The price of the cabinet
type is $70.00. — CHARLEsS T. BURKE

A GENERAL-PURPOSE WAVEMETER

TypeE 574
Wavemeter

ANY uses may be found for a
M simple direct-reading wavemeter
covering a wide range of frequency.
The new TypeE 574 Wavemeter, which
is calibrated in terms of frequency and
which has a nominal precision of 19,
is valuable as a general-purpose in-
strument and also for obtaining rapid
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supplemental readings in conjunction
with high-precision equipment.

The scales, which are hand-calibrated
in terms of our primary frequency
standard, are engraved directly upon
each of the five interchangeable plug-in
bakelite coil forms (4 inches in diam-
eter and 1 inch long) which are used
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to cover a continuous range from 166
kilocycles per second to 70 megacycles
per second (1800 to 4.3 meters). The
vernier-driven condenser is mounted
on a bakelite panel attached to a
polished walnut case which contains
storage space for the four coils not in
use. Measuring 11 inches long by 5

inches square and weighing but 414
pounds, this meter is easily handled
and may be placed in any position for
use. Intended to be used in reaction
observations, no resonance indicator is
included. The TyrE 574 Wavemeter is
priced at $50.00, and the code word
1S CARRY.

A FIVE-METER TRANSMITTER

R. L. Tedesco (W 1CAC) and his brother, Albert (W 1BMB), have designed a successful five-meter

transmitter which we are pleased to bring to the attention of Experimenter readers

FIVE-METER phone transmitter

built with General Radio parts
has worked out very successfully. The
oscillator, modulated by the constant-
current or Heising method proved to be
a good method of voice transmission
over short The most de-
sirable thing about it is the absence of

distances.

the interference encountered on the
other bands. It is also possible to
radiate directively by the use of reflec-
tors in the antenna system.

The push-pull Armstrong or TNT
circuit was used, a practical description
of which was given by J. J. Lamb in

the July, 1931, issue of QST.

The 5-meter transmitter described in the accompanying article
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The condensers are mounted in tan-
dem with a common shaft, giving a
common rotor and split stator con-
denser. The stators carry the plate-coil
sockets which are General Radio TyrE
274-)J Jacks mounted in a right-angle
bracket as shown. These are held in
place by the nuts of the stator plate
rods. The plate coil is a 4-inch turn of
3g-inch copper tubing or heavy wire
with two TyPE 274-P Plugs soldered or
threaded to the ends. A plate-voltage
feed wire, which is soldered to the
exact center of this loop, also carries
a plug-in pin at the opposite end.

Nearby are mounted two TyPE 657
Sockets, separated so as to allow the
proper spacing for wiring and other
units. These carry the grid coil which
is made of 4 one-inch turns of No. 10
copper wire and soldered to the grid
terminals of the sockets. A fair amount
of spacing should be allowed between

coil and baseboard. A tap made at the
exact center of this coil goes directly
to the radio-frequency choke made up
of 20 turns of No. 24 D.S.C. wire,
double-space wound on a l4-inch
wooden or hard rubber dowel 2" long.
A Type 437 Center-Tap Resistor is
mounted between the sockets, by
soldering directly onto the filament-
supply wires. Note that the condenser
rotors are at ground potential.

Two Type 274-K Binding-Post As-
semblies mounted on the baseboard
with spacers allow means for making
connections to the power supply, both
for filament and plate voltages. Power
may be derived from a rectified and
filtered alternating-current supply of
550 volts for the plates of two 210-type
tubes. 7.5 volts are necessary to light
the filaments. Such a unit consists of a
full-wave transformer (TyPE 565-B)
and a Type 527-A Rectifier Filter

Circuit diagram for 5-meter transmitter
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with 281-type tubes as rectifiers. The
filament posts connect to the 7.5-volt
secondary on the transformer with
a 2-ohm rheostat and a 2.5-ampere
ammeter in series with the tubes. A
plate milliammeter is also desirable be-
cause it not only indicates the amount
of current the plates are drawing but
also shows when the tubes are oscillat-
ing. It also indicates when circuit is
tuned to resonance.

The antenna coupling coil is mounted
on a pair of Type 260 Wall Insulators
which have a strap of l{s-inch brass,
L4-inch wide fastened at the center,
with 2 Type 138-V Binding Posts at
each end of the strap. One pair of
binding posts support the antenna coil
and the other pair make connections
to the antenna feeder system. The
distance between the plate coil and
antenna coil (same construction as the
plate coil) is approximately 114 inches.

The proper length of the antenna
and feeder is very important. For five-
meter operation 8 feet of horizontal
wire in each leg is necessary and the
distance from binding post to the flat
top should be either 4 or 8 feet as is
most convenient. An antenna current
meter should be inserted in one of
the legs of the doublet antenna to
indicate the resonance peak and
amount of current. It is important to
tune the antenna to the oscillator if the
maximum amount of power is to be
radiated from the antenna. The an-

tenna wires should be properly in-
sulated also, a very convenient form of
insulator being the General Radio
Type 280 Strain Insulator which may
also be used as a feeder separator.

After all units are assembled on the
baseboard, a power supply unit is on
hand, and a final inspection of all
wiring made, apply the power from the
power supply and proceed to adjust
the apparatus.

When tubes are oscillating properly
a plate current drain of about 80-90
milliamperes should be indicated by
the plate-current meter. Adjust the
tuning condenser until maximum cur-
rent is read on the antenna-current
meter, an indication that the maximum
amount of power is being transferred
into the antenna system. It is possible
to further increase the transfer of
energy into the antenna by reducing
the coupling but that tends to cause
instability in the oscillator. No tuning
of the antenna system is necessary if
the specified directions for the feeders
and antenna are observed. When using
a pair of 210-type tubes as oscillators
with 550 volts on the plates a current of
about 500 milliamperes should be indi-
cated by the antenna current meter.

This oscillator can be used either for
C W or phone. Keying for C W can be
accomplished by inserting a key in the
grid-return; modulation, by inserting
a modulation tube at the same point.

—R. L. TebpEsco

TN
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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

A BRIDGE-TYPE FREQUENCY METER

NSTRUMENTS for the
I measurement of audio fre-
quencies are usually based
on one of the numerous
bridge circuits in which frequency en-
ters explicitly. The familiar tuned-cir-
cuit wavemeter has not made a satis-
factory audio-frequency meter because
of the large amount of power lost in it
when the usual current indicator is
used. The resonance bridge makes use
of a similar tuned circuit in one arm,
the other arms being pure resistance.
For any reasonable values of induc-
tance the capacitance required to tune
to the lower audio frequencies is so
large that an air condenser cannot be
used. The capacitance then is fixed and
the inductance made variable in order
to have continuous adjustment. Differ-
ent ranges are obtained by changing
the capacitance. The bridges of Camp-
bell and of Kennelly and Velander
make use of a variable mutual inductor
and a number of fixed condensers.
Bridges using inductance, either self
or mutual, have two serious defects.
The shape of the frequency scale de-
pends upon the characteristics of the
variable inductor used and cannot be

appreciably altered. The magnetic
field of the inductor is such that it can-
not be satisfactorily shielded from the
source of frequency being measured.
The Wien bridge circuit has been
chosen for the TyrEe 434-B Audio-Fre-
quency Meter because it eliminates
both of these objections. Since it uses
only resistance and capacitance, it has
no external magnetic field. The two
variable resistors may be so construct-
ed that the frequency scale has the
most desirable shape. A schematic dia-
gram is shown in Figure 1. The condi-
tions for balance of this bridge are:

e
27/ PQC,C,
C A P

and e 1)
G BaNN 0

In order to provide a single control,
upon which the frequency scale may be
mounted and to maintain the second
balance condition, the two resistors P
and ) and the two condensers C, and
C, are made equal, and the two ratio
arms are made two to one:

(2 G A
=t Fandi— = 2.0 (2)
Q. GCp B
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RESISTANCE
. BALANCE >

Ficure 1. Schematic wiring diagram for the
TypE 434-B Audio-Frequency Meter

Thus the second balance condition is
always fulfilled and the first condition
reduces to

MR e (3)

The two resistors P and () are wound
on tapered cards of such a shape that
the frequency scale is logarithmic.
Equal frequency ratios occupy equal
intervals on the scale. Hence the frac-
tional accuracy of reading is constant.
There are fixed resistors in series with
the variable parts of P and Q having
about one-tenth the value of the vari-
able resistor, which limit the range of
the frequency scale to a ratio of ten to
one. The three frequency ranges, differ-
ing by factors of ten from one another,
are obtained by the use of three sets of
condensers Cp and C,, which also differ

by factors of ten. The same engraved
scale is used for all three ranges. The
frequency ranges chosen are 20 to 200,
200 to 2000, and 2000 to 20,000 cycles
per second.

It is impracticable to keep the re-
sistors P and Q and the condensers C,
and C, exactly equal as demanded by
equation (2). An auxiliary control con-
sisting of a small potentiometer is pro-
vided between the ratio arms 4 and B
to whose sliding contact the null de-
tector is connected. This alters the
effective ratio A/B and satisfies equa-
tion (1). If this adjustment is not made,
however, the setting of the frequency
dial is not altered but merely dulled.

The null detector most often used
for setting the frequency dial is a pair
of head telephones. These are satisfac-
tory in the frequency range from 300 to
5000 cycles per second. If the source of
frequency to be measured contains har-
monics, they will not be balanced out
by the bridge and will be impressed on
the telephone. The human ear can dis-
criminate againsta considerable amount
of harmonic content. It must be aided
by the use of a low-pass filter con-
nected between the bridge and the tele-
phones for high harmonic content or
for the measurement of frequencies less
than half the natural frequency of the
telephones. When the voltage avail-
able to be applied to the bridge is
small, an amplifier must be used to
obtain sufficient sensitivity. The Gen-
eral Radio Tyre 514-A Amplifier is
exactly suited for this purpose because
it maintains its voltage gain of 200 ap-
proximately constant from 20 to 20,000
cycles per second.

For frequencies outside the range of
telephones a sensitive alternating-cur-
rent voltmeter and amplifier must be
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Ficure 2. The TyprE 434-B Audio-Frequency Meter

used. The Type 488 Alternating-Cur-
rent Voltmeters are well suited to this
use. A suitable low-pass filter should be
used because the alternating-current
voltmeter lacks the power of discrimi-
nating against harmonics.

The frequency dial is hand calibrated
to an accuracy of 0.59%. It may be set
to an accuracy of 0.19, when sufficient
amplification is provided, this figure
being determined by the spacing of the
individual wires on the variable resis-
tors P and ().

The TypeE 434-B Audio-Frequency
Meter will measure any frequency from
20 to 20,000 cycles per second. The
usual sources are vacuum-tube oscilla-
tors of all kinds, tuning forks, and the
lower range of magnetostriction rods.

File Cous

The meter is equally suitable for mea-
suring the frequency of the beat note
obtained from two high frequency os-
cillators. An accuracy of 0.5%, in the
determination of this beat note means
that the difference between the two
high frequencies is known to 0.1 cps for
a 20-cps beat and proportionally for
higher frequencies. When an unknown
high frequency is compared with a
standard crystal oscillator there are
usually available harmonics spaced
1000 cps apart. The beat note can then
always be made less than 1000 cps so
that the unknown frequency is mea-
sured in terms of the standard crystal
to within 5 cps.

The price of this frequency bridge
is $125.00. — RoerT F. Frewp
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A VACUUM TUBE VOLTMETER

WHILE the copper-oxide rectifier

type of voltmeter, which can be
made in a portable form with a full-
scale deflection of 2 volts and with an
impedance of the order of 10,000 ohms
per volt, is a very convenient and use-
ful instrument for many alternating-
current measurements, it has, unfor-
tunately, two disadvantages in that its
impedance varies with the applied volt-
age and that its calibration error in-
creases with the frequency.

For making measurements of small
voltages in circuits of high impedance,
—as, for instance, in measuring the
gain at various points in amplifying
systems—for all voltage measurements

at high audio, supersonic, and radio
frequencies, and for tests upon reson-
ant circuits, the thermionic or vacuum-
tube voltmeter is much to be preferred
and may, in fact, be indispensable.
The accompanying illustration shows
the new alternating-current-operated
thermionic voltmeter being used to
measure frequency response curves of
tuned interstage transformers intended
for operation at high audio frequencies.

Over a year ago, the General Radio
Company announced the bridge-type
thermionic voltmeter (TypeE 426-A)
which was energized by a 22.5-volt
battery. To eliminate the necessity for
such a battery and thus fulfill the pres-

Measuring the response characteristic of an interstage coupling transformer with the
TypE 626-A Vacuum-Tube Voltmeter. The meter is on the bench at the right
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ent-day desire for more convenient
equipment energized solely by a 110-
volt 60-cycle circuit and to supply a
meter which shall be reliable at radio
frequencies, the Type 626-A Vacuum-
Tube Voltmeter is now offered to the
experimenter.

This instrument is a rugged, service-
able, direct-reading, moderately-priced
meter of the compensated, depressed-
zero type, having a full-scale deflection
of 3 volts, r.m.s. From 0.5 volt to 3.0
volts the scale is approximately uni-
form. The filaments of the 227-type
tube (thermionic voltmeter) and the
171-type tube (rectifier) used are run
at subnormal voltages so that their
normal life is considerably increased.
Proper circuit design minimizes the
wandering of the zero or aging. By
incorporating an 874-type ballast tube,
the chief source of error, fluctuation in

line voltage, is reduced to only .059,
of full scale value per volt change. A
rheostat is provided for compensating
a change in line voltage over a range
from 100 to 120 volts. Due to the large
thermal capacity of the cathode of the
227-type tube, small erratic changes in
line voltage are ordinarily negligible.
These meters are individually cali-
brated to within 19, of full-scale value.
Below 1500 kilocycles, the frequency
error is negligible. At 3000 kilocycles,
it is less than 29, and at 4000 kilo-
cycles, less than 49j. The input im-
pedance is constant and approximately
10 megohms and no external direct-
current path is required. Housed in a
walnut cabinet 11 inches long by 814
inches square, this instrument weighs
fourteen pounds. The price, complete
with tubes and attachment cord, is
$100.00 and the code word is ETHIC.
—HoraTio W. Lamson

DIRECT MEASUREMENTS OF HARMONIC DISTORTION

EVELOPMENT work has recently

been completed on an instrument
which has a wide field of usefulness in
the testing of apparatus for the electri-
cal transmission or reproduction of
speech, music, or vision.

The new instrument, the TypE 536-A
Distortion-Factor Meter, will measure
the harmonic distortion in the modu-
lated output of a broadcast transmitter.
It can then determine how much of the
distortion is due to the speech amplifi-
ers. In a receiving set it can measure
the harmonic distortion produced in
the detector or in the audio amplifiers.
By its means, also, measurements can
quickly be made which will determine
what load resistance should be used
with a pentode output tube to obtain

the maximum power output for various
allowable distortion limits.

The distortion-factor meter was
developed so that distortion measure-
ments could be accurately made by a
very much simplified technique. After
a preliminary observation, the total
harmonic distortion is given directly
by a dial reading. Less than thirty sec-
onds is required for the entire measure-
ment.

In the system employed the voltage
to be tested is applied to two filters in
parallel, one of which passes the har-
monics only and the other of which
passes the fundamental. A voltage di-
vider is placed in the line passing the
fundamental. This is varied until the
output voltages of the two lines are
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Apparatus for determining harmonic distortion. Left to right: TyPE 536-A Distortion-Factor
Meter, TypE 514-A Amplifier, and TypE 488-HM Alternating-Current Galvanometer

equal. A dial, attached to the voltage
divider, then reads directly the har-
monic content.

The distortion-factor meter is not to
be confused with a harmonic analyser.
This latter instrument is a sharply se-
lective device which will measure the
amplitudes of the various components
of a complex current or voltage wave.
It is very laborious to use a harmonic
analyser for distortion measurements.
A separate measurement must be made
for each harmonic present, and the re-
sults combined to obtain a useful re-
sult. The distortion-factor meter, on
the other hand, is designed so that one
of the filters transmits equally all the
harmonics, while suppressing the fund-
amental and any power-supply hum
which may be present. If a root-mean-
square indicating instrument is em-
ployed, therefore, the reading obtained
with the distortion-factor meter will
give directly the desired ratio of the
effective value of the combined har-
monics to the value of the fundamental.

No computation whatever is required.

Let us consider in more detail one of
the applications of the instrument, the
testing of broadcast transmitters. As
the distortion-factor meter is designed
for testing at 400 cps, a fairly pure volt-
age source of this frequency must be
available. With most oscillators, a filter
must be employed to obtain sufficient
purity. The filtered oscillator output is
applied to the input of the speech
amplifiers.

If it is desired first of all to check the
operation of the speech amplifiers, the
distortion-factor meter may be used
to test the output of the modulator
tube or of any amplifier stage preced-
ing it. Finally, the most important
measurement of distortion in the mod-
ulated output may be made after first
rectifying the high-frequency voltage
with a high-quality rectifier. A care-
fully designed linear rectifier is incor-
porated in the Type 457-A Modula-
tion Meter, and terminals are provided
for connection to the distortion-factor

“F1 TRANSMITTER

400~ ;
~ FILTER UNDER
OSCILLATOR ~ e

1 TYPE 457-A 1 TYPE 536-A .
| MobuULATION DISTORTION - INDICATOR
| | METER FACTOR METER| |

Layout for measuring distortion present in the output of a broadcast transmitter
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meter. The complete layout is indi-
cated in the figure.

It is believed that this measurement
of modulation distortion is the final in-
dex of the quality of the output of a
broadecast transmitter, as far as har-
monic distortion is concerned. It lumps
together all the sources of harmonic
distortion in the transmitter and mea-
sures their combined effect on the

shape of the output voltage wave.
This discussion of the application of
the distortion-factor meter to the single
problem of the testing of broadcast
transmitters will serve as an indication
of its many uses in electric communica-
tion technique.
The price of the TypE 536-A Distor-
tion-Factor Meter is $140.00.
—W. N. TurTLE

A WAVEMETER FOR THE 1-15 METER BAND

NEW instrument has been added
A to the line of General Radio wave-
meters. It is the TypE 419-A Rectifier-
Type Wavemeter, covering the range

from 1 to 15 meters or 300 to 20 mega-

cycles per second. The instrument is

primarily intended for laboratory and

RECTIFIER TYPE WAVEMETER
TYPE419  BERIAL NOR
GENERAL RADIO CO

CAMBRIDSE MABS.

Type 419-A Wavemeter
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service use where a rapid and fairly
accurate measurement is required. In
this way, inaccurate and bothersome
Lecher wires are eliminated where
wave lengths are measured with a yard-
stick. Stable oscillators have made it
possible to use heterodyne methods
even at 1 meter and to calibrate the
Type 419-A Rectifier-Type Wave-
meter in terms of the General Radio
primary standard of frequency.

Besides measuring oscillators, trans-
mitters, and receivers, the instrument
can be used as an aural detector of
modulated oscillations and as an un-
calibrated vacuum-tube voltmeter. The
accompanying photograph shows the
instrument. Dimensions and weight of
the cabinet have been reduced as much
as possible and a handle is provided on
the panel. This way it is possible to
hold the instrument with one hand and
bring it in any desired position with re-
spect to the apparatus which is to be
measured.

Four inductors, each with a fre-

quency ratio of 1:2, cover the entire
range of the wavemeter. A large dial
makes it possible to read settings to
within 0.19,. With respect to errors
that are likely to occur due to the
presence of metal parts in the field of
the inductor and ““transformer action,”
the accuracy has been conservatively
set at 19].

As an indicating device a vacuum-
tube voltmeter is used, the high sensi-
tivity of which is very advantageous,
since it makes it possible to use a very
loose coupling between the wavemeter
and the apparatus under measurement.
Besides the permanently connected in-
dicating instrument, plugs are provided
for the connection of headphones. The
cabinet of the wavemeter contains the
four plug-in inductors and four sepa-
rate calibration charts. The calibration
is given in terms of frequency, but on
each chart a conversion curve is pro-
vided which makes it possible to read in
wave length as well. The price of this
meter is $100. —Epuarp KarpLus

S

RESISTANCE BOXES a a a Prices on
three sizes of the Type 102 Decade-
Resistance Boxes have been reduced as
follows:
Type 102-L, $58.00 (was $75.00)
Type 102-M, $70.00 (was $100.00)
Type 102-N, $62.00 (was $75.00)
The Type 102-L. Decade Resistance
Box is a four-dial box, having a maxi-

mum resistance of 111,100 ohms, ad-
justable in steps of 10.0 ohms: the
Type 102-M Decade-Resistance Box
has five dials with a maximum resis-
tance of 111,110 ohms in steps of 1 ohm;
and the TypE 102-N Decade-Resistance
Box is a five-dial box with a maximum
resistance of 111,111.0, adjustable in
steps of 0.1 ohm.

N

THE GENERAL RADIO COMPANY muails the Experimenter, without charge,
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DECEMBER, 1931

ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

A PIEZO-ELECTRIC OSCILLATOR OF
IMPROVED STABILITY

INCE the studies of per-
S formance of the Typre
575-A Piezo-Electric Os-
cillator described in the
Experimenter for October and for No-
vember, 1930, increased demands have
been made for even higher accuracies
and higher stabilities, notably as a re-
sult of the Federal Radio Commission
General Order No. 116 requiring
broadcasting stations to maintain their
frequencies within plus or minus fifty
cycles of the assigned value. The new
Type 575-D Piezo-Electric Oscillator
described below was developed pri-
marily to serve as a frequency standard
in conjunction with the Type 581-A
Frequency Deviation Meter as a visual
monitor complying with the require-
ments of the General Order.

The rigid requirements which must
be met by such frequency standards
led to investigations of various circuits
to improve the frequency stability and
the operating characteristics. One of
the more serious defects of the older os-
cillators was the necessity of calibrat-

ing the quartz plate in the oscillator
with which it was to be used. If
changes occurred in the circuit con-
stants due to shipment or to ageing,
the user was not aware of these changes
or the resulting shift in frequency.
Further, in cases where readjustments
or recalibrations were to be made it
was necessary to return not only the
quartz plate but the entire oscillator to
our laboratory.

The circuit finally chosen overcomes
most of the objections. A definite in-
dication of proper adjustment is pro-
vided by the plate current meter
which indicates a minimum current
when the circuit is properly adjusted.
Regardless of changes in the circuit
constants, supply voltages, and tubes,
adjustment of the circuit to the min-
imum plate-current point will give the
same frequency to within exceedingly
small limits.

The schematic circuit is shown in
Figure 1. A screen-grid tube is em-
ployed to reduce the capacitance be-
tween control grid and plate. The
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Ficure 1. Functional diagram for TyprE

575-D Piezo-Electric Oscillator

quartz plate is connected in the plate
circuit in series with the feed-back coil
L,. The resistance R serves to supply
plate voltage to the tube from the plate
battery and also serves as a radio-fre-
quency coupling mechanism. The
small capacitance between grid and
plate and the resistor R serve to pre-
vent the circuit from functioning as an
inverted crystal oscillator of the usual
type* where feed-back is obtained in
the inter-electrode capacitance and the
crystal presents an inductive reaction
of appreciable magnitude. It will be
noticed that the current through the
crystal is the current through the feed-
back coil L, — consequently the crys-
tal may be thought of as controlling the
oscillator by control of the feed-back.
Current in R produces no feed-back.
The performance of this oscillator is
characterized by (1) oscillation over a
very narrow range of adjustment of G,
(2) very reliable oscillation when the
condenser is adjusted to the middle of
this range, and (3) a minimum plate

*That is, one in which the crystal is placgd
in the Slate circuit and the tuned element in
the grid circuit.

File C

current indicated by the meter I when
adjustments are properly made.
Performance data for a representa-
tive broadcast-frequency quartz plate
are presented below in the same form
as the data of the article in the No-
vember, 1930, Experimenter. The devi-
ation resulting from changes in any
variable, the other factors remaining
constant is summarized below:
Temperature Changes (Figure 2). The
quartz plate employed was of the “Y”
or “30-degree” cut having a positive
temperature coefficient. It will be no-
ticed that for a change of +0.1°C from
the normal temperature of 50°C (1/5 of
19%,) the resulting frequency change is
within =2.5 parts per million, which
is definitely lower than for the same
type of crystal in the older circuit.
Dotted lines indicating the range of
+0.025° (which may be maintained
under average room temperature con-
ditions by the temperature control sys-
tem furnished in the unit) show that
ordinarily the frequency changes re-
sulting from temperature variations
will be less than =4-0.75 part per million.

Y-CUT (30°) QUARTZ PLAT!

|
! v
:

REGION OF TEMPERATURE
CONTROL TO *0.025°C

FREQUENCY CHANGE IN PARTS PER MILLION
FROM ADJUSTED VALUE AT 50°C.AS NORMAL
1

V

60!

3 2 =0 + | 2
TEMPERATURE CHANGE IN PER CENT OF 50°C AS NORMAL
FiGURE 2. Variation in frequency of the new

oscillator as a function of the temperature of
the quartz plate
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Ficure 3. Variation in frequency as a func-
tion of grid-tuning capacitance

Tuning Changes (Figure 3). The fre-
quency of oscillation is altered, when
the grid tuning condenser is varied. In
the region of the plate current mini-
mum, where definite changes in the
reading of the plate current meter are
observable (as shown in the upper
curve) the change in frequency is
within =+1.5 parts per million.

Plate Voltage Changes (Figure 4). Tt is
at once evident that moderate changes
in plate voltage have no effect on the
frequency of oscillation. This is in
definite contrast to the changes ob-
tained with the older circuit.

Filament Voltage Changes (Figure 5).
For changes in filament voltage of sev-

CURVE DOES NOT SHIFT NOTICEABLY
WITH GRID TUNING CAPACITY

+

[ —

=17

EGION OF SETTING BY
VOLTMETER TO £2.0 VOLTS
80 70 60 50 40 30 20 100 410 20 30 40 S0 60 70
PLATE VOLTAGE GHANGE IN PER CENT OF 135 VOLTS AS NORMAL

FROM ADJUSTED VALUE AT 50°C.AS NORMAL
3

FREQUENCY CHANGE IN PARTS PER MILLION

FicurE 4. Variation in frequency as a func-
tion of plate voltage expressed as a per cent
of normal

eral per cent., which are easily observed
on the filament voltmeter of the new
oscillator no appreciable change in fre-
quency results. If the filament voltage
is decreased far enough, the frequency
rises, as shown by the upper curve. But
if, for each value of filament voltage,
the tuning condenser is readjusted to
give minimum plate current, the change
in frequency is entirely negligible, as
shown by the lower curve.

Tube Changes (Figure 6). Changing
tubes, the circuit being readjusted to
minimum plate current for each tube,
resulted in the frequency changes
shown. Twelve tubes, some of which
were new and some old, all gave oper-
ating frequencies within =41 part per
million. If tubes No. 2 and No. 5 were
rejected, the remaining 10 tubes give
frequencies practically within the limits
of the 0.5 part per million.

Vibration. In making tests for vibra-
tion, the entire unit was subjected to
heavy shocks. These resulted in two
types of frequency change: that due to
motion of the quartz plate in the
mounting, and that due to shifts in the
tuning of the grid circuit. The latter
could be compensated for by readjust-
ment of the tuning condenser for min-
imum plate current. With readjust-
ment, the shifts remaining after the

STOPS

IF TUNING CONDENSER IS NOT RESET
4

\ 1
\ —> r-nlmon SETTING BY
Ve
t

OF
a LTMETER TO 0.1 VOLTS

STOPS !
_“IF TUNING CONDENSER IS |
RESET FOR MIN PLATE CURRENT |
30 20 0 _ + 10 20 30
FILAMENT VOLTAGE CHANGE IN PER CENT OF 2,0VOLTS AS NORMAL

+

FROM ADJUSTED VALUE AT 50°C.AS NORMAL

FREQUENCY CHANGE IN PARTS PER MILLION

Ficure 5. The frequency shows no percepti-
ble change with filament voltage if the con
denser is reset for minimum plate current
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FREQUENCY CHANGE IN PARTS PER MILLION
FROM VALUE OBTAINED WITH TUBE NUMBER |
|
-
A\
<
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/
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z “ € 7 o I ©
TUBE NUMBERS

Ficure 6. Frequency shifts very slightly
when tubes are changed

vibration stopped were within +1.5
parts per million.

As an estimate of the absolute con-
stancy of frequency of the system, it
may be assumed that all of the varia-
tions observed take place in the same
direction:

Frequency
Range of Variation
Variable Variation (parts per
million)
Temperature 0.025°C 0.75
Tuning (by plate
meter) 1.5
Plate voltage 2.0 volts 0.1
Filament voltage 0.1 volts 0.05
Tubes (average) 1.00
Vibration (heavy shocks) 1.5%
Total 4.9

*Remaining after shock.

ELIMINATING HARMONICS

EASUREMENTSof impedance as
made on the various bridges are,

in general, affected by the presence of
harmonics. For those in which the bal-
ance conditions are independent of fre-
quency (most of the commonly used
bridges are in this class), the balance
would be unaffected by the harmonic
content of the source, if it were not for
the fact that the resistance of a coil or a
condenser varies considerably with fre-

This represents the range of fre-
quency within which this type of os-
cillator would be expected to operate
under service conditions. There is
every reason to expect that, if the vari-
ables are held within the ranges given,
some variations would offset others
and the actual change in frequency
would be less than the total given
above. These conclusions of course re-
fer only to the stability of the frequency
of the oscillator, that is, to the variation
Jfrom the adjusted value and have no di-
rect bearing on the accuracy of adjust-
ment of the oscillator to a specified
frequency.

Quartz plates suitable for use in the
Type 575-D Piezo-Electric Oscillator
and guaranteed to within 3-0.0029%, for
a period of one year are available. They
are known as Type 376-] Quartz
Plates. In adjusting these plates, the
frequency is brought within one cycle
of the specified frequency as deter-
mined by our primary frequency stand-
ard which is operated continuously and
checked in terms of Arlington time.

The price of the TypE 575-D Piezo-
Electric Oscillator is $215.00; of TypPE
376-J Quartz Plates $85.00.

— James K. Crarp

IN BRIDGE MEASUREMENTS

quency. The balance for the funda-
mental frequency is masked by the har-
monics in the output.

For those bridges in whose balance
equations frequency appears explic-
4itly, the presence of harmonics is seri-
ous and causes a direct error. The res-
onance bridge and the Wien bridge are
examples.

Voltages other than harmonic volt-
ages also frequently appear in measur-
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ing circuits. They are induced in the
circuit electromagnetically and elec-
trostatically by the fields, usually of
commercial frequency, which exist in
most laboratories. They become im-
portant when the voltage to be meas-
ured is reduced to a sufficiently small
value. For that reason they become
the limiting factor in bridge balances by
preventing the attainment of complete
silence in the head telephones.

Spurious voltages, harmonic or non-
harmonic, may be decreased in magni-
tude by the use of suitable filters which
may be connected directly to the power
source in order to decrease the har-
monic content of the voltage applied
to the measuring circuit. They would
be so placed for the measurement of
any element which might be affected
by such spurious voltages.

Filters may also be connected be-
tween the bridge and the null detector.
This is usually the preferable position,
because in general the impedance of the
null detector is greater than that of the
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FREQUENCY IN CYCLES PER SECOND

bridge. Filters have in general sharper
cut-offs the higher the impedance to
which they are connected.

A band-pass filter made up of low-
pass and high-pass sections is satisfac-
tory for measurements made at a single
frequency. The characteristic imped-
ances of these sections should be
chosen to be equal to or less than the
load into which they work. Low-fre-
quency non-harmonic voltages are sup-
pressed by the high-pass section;
high-frequency non-harmonic voltages,
and all harmonic voltages by the low-
pass section. The cut-off frequencies of
these sections may be so chosen that
the applied frequency may vary con-
siderably without affecting their action.

The Type 330 Filter Sections™ are
built for three different cut-off fre-
quencies, 500, 1000, and 2000 cps, and
two different characteristic imped-
ances, 600 and 6000 ohms. The atten-
uation obtainable with these sections

*Described in Catalog F, page 97.
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Ficure 1 (left) and Ficure 2 (right). Attenuation characteristics of TyPE 330 Filter Sections
for the values of terminating impedance shown. fc is the cut-off frequency and Ro is the char-
acteristic impedance (either 600 or 6000 ohms) specified in Catalog F
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when terminated in their characteristic
impedances are shown in Figure 1. The
three curves for each type of section
are alike, being merely displaced along
the frequency axis.

The 500-cps high-pass filter section
is suitable for suppressing the usual
low-frequency non-harmonic voltages.
The three low-pass filter sections are
suitable for suppressing the high-fre-
quency harmonic voltages. The at-
tenuation to the second harmonic,
which is usually the strongest, exceeds
that to the fundamental by at least 15
db (a voltage ratio of 5.5 to 1). The
frequency of the fundamental may in-
crease by 509, before the attenuation
to it becomes 10 db.

When a filter section is connected to
a load resistance much larger than its
characteristic impedance, the ratio of
input to output voltage is decreased in
the transmission band, if, in addition,
the input resistance is made much
smaller than the characteristic imped-
ance of the filter. This ratio becomes

less than unity at a frequency near the
cut-off frequency, thus giving a voltage
characteristic similar in some respects
to that of a resonant circuit.

Such curves for the three low-pass
filter sections are shown in Figure 2.
They are for the case of input and load
resistances 0.2 and 150 times their
characteristic impedance. The attenu-
ation to the second harmonic is on the
average the same as for the previous
case. The fundamental frequency may,
however, vary from 0.6 to 1.5 times
the cut-off frequency, without causing
the discrimination between fundamen-
tal and second harmonic to fall below
15 db. Within this range the attenu-
ation to the fundamental varies be-
tween —14 db and 410 db. The
range of the three filter sections over-
lap and together they cover the fre-
quency band from 300 to 3000 cps.
Other sections may be built on special
order, which will extend this range up
to 7500 cps and down to 60 cps.

— RogEerT F. FIELD

CONVENIENT DECADE-SWITCH UNITS

iTH the advent of the new TyYPE

602 Decade - Resistance Box,
which makes use of a special type of
unit construction, General Radio is
supplying the units separately.

These new TypeE 510 Decade-Resis-
tance Units are identical with those in
the new TypeE 602 Decade-Resistance
Box, which surpasses in results and
convenience its famous predecessor.
The switching mechanism is entirely
enclosed within the unit, protecting
the contacts from dust, and thus elim-
inating a frequent source of poor con-
tact and leakage. Each individual
unit is provided with a cylindrical

Ficure 1. An adjustable resonant circuit, a

typical application of Type 510 Decade-

Resistance Units and Type 380 Decade
Switches and Condensers

shield and an etched dial plate to fa-

cilitate mounting on a panel.
(Continued on page 8)
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A MANUAL RECORDER

URVE-DRAWING equipment makes
C it possible for engineers to record
variable phenomena and interpret or
compare results at their convenience.

Early in 1927 the TypE 289 Fading
Recorder was de-
veloped by the
General Radio
Company®* in
conjunction with
the study of ra-
dio transmission
carried on by G.
W. Pickard. The
Type 459-A
Manual Record-
er shown on this
page has just
been designed. In this new instrument
standard 314 inch adding machine pa-
per is carried past a recording point at
a uniform rate and the position of this
point may be varied manually to follow
and trace the curve of the variable
being studied.

The main drum is driven by a small
60-cps, 110-volt synchronous motor
and the gearing is so adjusted that the
paper travels exactly one inch a min-
ute. The drive is made positive by
small points projecting through the
drum, and these are so spaced that the
perforations caused by them in the pa-
per are exactly one inch apart.

The drum on the standard units
makes five complete revolutions an
hour, but the gearing of course can be
changed to meet special conditions,
giving a rather wide variation of speeds.
The drum may also be loosened from
the drive shaft by a thumb nut. A
spring slider carries both the recording
point and the contact arm of a poten-

TypE 459-A Manual Recorder. Moving
the handle simultaneously moves the
pen and the slider on a potentiometer

tiometer. A lever makes it possible to
follow the desired variations either by
maintaining a constant deflection or a
null point on a galvanometer.

The TypPE 459-A Manual Recorder is
used in a manner
similar to the
earlier TypE 289
Fading Recorder
for the study of
fading of radio
transmissions. In
recording the
variation in sig-
nal intensity,
the necessary
changes of the
arm to balance
them result in a trace on the recording
paper of magnitudes corresponding to
the changes in signal strength.

The potentiometer in the standard
instrument is a tapered card having a
maximum value of approximately 2000
ohms. To meet special conditions this
card may easily be replaced.

The slider has a long bearing and is
kept in contact with the guide bar by
means of a flat spring. This allows the
slider to move freely at all times but
eliminates unnecessary side play and
compensates for contact friction on both
the potentiometer and the drum.

While the original intent of the re-
corder was to study fading, it is felt
that it will serve to draw curves so nec-
essary for the intelligent interpretation
of many other phenomena. For ex-
ample, the recorder might be used in
conjunction with a beat-frequency os-
cillator driven by a similar synchro-
nous drive in studies of acoustics.

The price is $85.00.—H. S. WIiLKINs

*See General Radio Experimenter for April, 1927.
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(Continued from page 6)

These units can be used in many
ways. For instance, they are inval-
uable in the construction of adjustable
impedance-matching networks, special
attenuators, or harmonic analyzers.
Provision has been made so that sev-
eral units can be “ganged” together. A
very useful calibrated voltage divider
can be made by mounting similar units
“back to back™ (see Figure 3) so that
when resistance is cut into one unit, it
is simultaneously cut out of the other,
thus keeping the total resistance con-
stant. Any number of these “back-to-
back™ units may be used to build a
voltage divider for practically any de-
sired range and degree of precision.

Type 380 Decade Switch and
Condensers

FIcURE 2.

Another example of the decade-unit
idea is the Type 380 Decade Switch

Ficure 3. Two TypE 510 Decade-Resistance
Units mounted in tandem to make a voltage
divider (potentiometer)

and Condenser, which provides a cor-
responding unit for capacitance.

These decade-condenser units (see
Figure 2) are identical with those in
the TypE 219 Decade Condenser. Due
to their compact construction, they are
very useful in the construction of oscil-
lators, harmonic analyzers, and other
laboratory equipment.

Figure 1 shows a typical piece of lab-
oratory equipment using both decade-
resistance and decade-condenser units.
The advantage to any engineer in being
able to obtain these self-contained dec-
ade units is evident. Complete tech-
nical information regarding their char-
acteristics is contained in Catalog F.

— H. H. Scort

S

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun-
ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY

30 State Street -

Cambridge A, Massachusetts
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