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Mobile Television Equipment* 
R. L. CAMPBELLf, NONMEMBER, I.R.E., R. E. KESSLERt, NONMEMBER,  I.R.E., 
R. E. RUTHERFORDt, NONMEMBER, I.R.E., AND K. U. LANDSBERGt, ASSOCIATE, I.R.E. 

Summary— While portability is a necessary requirement for out-
side-pickup equipment, several advantages result when portability is 
carried into the studio. To equip a studio of adequate size with fixed 
equipment for the operation of several cameras involves considerable 
time and expenditure. However, with portable studio equipment, the 
entire equipment installation can be located to suit studio needs, as well 
as moved to different studios or outside locations. 
The dolly-type equipment is described in some detail and systems 

for program control are discussed. Some of the design features discussed 
are portable and flexible synchronizing equipment, electronic view 
finders, oscilloscope monitors, and other operating facilities. 

J  

N THE course of the development of television 
equipment, many of the improvements and sim-
plifications resulting in better apparatus from the 

standpoint of performance and convenience of use 
are simply the applications of ideas developed in other 
allied fields which have been transferred to meet tele-
vision design requirements. It may also be said that 
television-equipment design must follow, to some ex-
tent, the established precedents and engineering prac-
tices, e.g., radio broadcast equipment. When the prece-
dent is followed too closely, however, difficulties are 
likely to appear in operating and maintenance because 
of the inherent complexity of the television system. In 
sound broadcast, there is one, and only one, electrical 
signal comprising the intelligence to be transmitted. In 
television, however, there are five separate electrical 
waves (and sometimes more depending on the type of 
system employed) which are combined and transmitted 
simultaneously to be used at the receiver in order to re-
produce the picture. To make up this composite tel-
evision-signal wave, several electrical waveforms not 
appearing in the final signal must be generated in order 
to obtain the television-system operation as we know 
it today. From this it can be seen that the operation of 
a television camera is by no means as simple an opera-
tion as setting up and operating a microphone for 
sound work. . 
With the above in mind, the purpose of this paper is 

to describe a type of television-camera equipment de-
signed both for studio and outdoor use with respect to 
its function in a television operating plant. Particular 
components of the system to be described are mobile 
camera-control dolly, electronic view-finding system, 
flexible synchronizing equipment, sweep-driven con-
trol apparatus, interchangeability of units, cross con-
trol of camera dollies, and other operating features. 
Particular reference will be made to mechanical con-
siderations as well as to some novel electrical features 
used in the equipment. 
One application of this equipment would be for 

broadcast-studio operation. The economical factors in-

* Decimal classification: R583. Original manuscript received by 
the Institute, June 23, 1941. Presented, Summer Convention, De-
troit, Michigan, June 23, 1941. 
f Allen B. DuMont Laboratories, Inc., Passaic, New Jersey. 

volved in equipping a studio solely for television opera-
tion are likely to be out of proportion to the anticipated 
return on the investment in the case of most broadcast 
stations or other operating enterprises.  Using the 
studio-type portable equipment, television programs 
can be presented with a minimum of installation diffi-
culties. The cameras and camera-control equipment 
are merely rolled into the studio (together with ade-
quate portable lighting fixtures) and the show is on. In 
the case of remote work, special events, etc., the same 
equipment can be wheeled into a small truck and un-
loaded and quickly set up for operation into a video 
line or relay channel. 
A familiar and important requirement of portable 

equipment is weight. Considering the number of com-
plex circuits involved in a television system, it can be 
seen that this problem is much more severe than in the 
case of equipment for remote sound work. Considera-
able more apparatus is involved, and the question that 
immediately arises is, "Shall we have a few heavy units 
or shall we have several small, lightweight units?" In 
this equipment the latter was chosen for the following 
reasons: 

1. The most logical electrical arrangement was to 
split the system into several units according to 
their functions. 

2. Standard mechanical chassis arrangements could 
be adopted for ease of manufacture. 

3. Servicing of all units was to be as convenient as 
possible. 

4. No unit should be a two-man job to carry. 
5. Future improvements can be added by replacing 
a unit at a time if desirable. 

6. Television cameras using different types of pickup 
tubes may be used on the same equipment chains. 

The camera and corresponding control equipment is 
arranged to operate in single or dual chains. In the case 
of a single chain, this equipment is divided into units 
as follows: 

Synchronizing generator 
Blanking sweep and power unit 
Camera 
Camera power supply 
Electronic view finder 
View-finder supply 
Camera control 
Shading generator (for use in conjunction with icon-
oscope cameras) 

Camera monitor 
Camera-monitor power supply 
Camera-control power supply 
Line amplifier 

January, 1942 Proceedings of the I.R.E.  1 
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Line-amplifier power supply 
Line monitor 
Line-monitor power supply 
For a dual chain, the equipment required is: 
1 Synchronizing generator 
1 Blanking-sweep and power unit 
2 Cameras 

Fig. 1—Dual-camera-chain equipment. 

2 Camera power supplies 
2 Electronic view finders 
2 View-finder power supplies 
2 Camera controls 
2 Shading generators (for use in conjunction with 
iconoscope cameras) 

2 Camera monitors 
2 Camera-monitor power supplies 
2 Camera-control power supplies 
1 Line amplifier 
1 Line-amplifier power supply 
1 Line monitor 
1 Line-monitor power supply 

In Fig. 1 is shown the apparatus outlined above ar-
ranged for dual-chain operation. On the camera-con-
trol dolly are the synchronizing generator, power units, 

elite 
611 

camera-control units, monitors, and line equipment. 
With each camera connected to the main equipment 
dolly is the auxiliary camera power unit and the view-
finding apparatus. This assembly is then connected 
back to the camera-control dolly by means of the 
camera cable, interlocked alternating-current power 
cable, and view-finder video cable. 
For studio use the camera equipment proper is some-

times mounted on a studio platform dolly having a 
pedestal arranged to take the Akeley Gyro tripod head 
shown in the figure. The camera dolly platform sup-
ports the camera equipment and the cameraman, and 
it can be moved about the studio for camera "dolly" 
action shots. 

SYNCHRONIZING GENERATOR 

The synchronizing generator used in this equipment 
is of the flexible fully electronic type and generates the 
DuMont synchronous wave (Fig. 2). The generator 
can be operated on any of the standards shown in 

TABLE I 

Lines per Frame Fields per Second  Interlace 

441' 
525t 
62$. 
343: 
441: 

60 
60 
30 
120 
120 

2:1 
2:1 
2:1 
2:1 
2:1 

• Experimental standards. 
Federal Communications Commission, (49851) 'Television Report." May 3. 

1941; also Donald G. Fink, National Television Systems Committee, Document 
No. 505L200M1. 

Color standards 

Table I, and can be easily converted to other standards 
that may be desirable without affecting the standard 
chosen for regular operation. The synchronizing sys-
tem may be switched to any one of these standards by 
means of a single wave switch and a few simple ad-
justments. 

The complete generator is housed in two units; viz., 
the synchronizing-generator unit and -the blanking-
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sweep and power unit. Fig. 3 shows the front panel of 
the synchronizing-generator unit with the cover re-
moved. At the top of the unit is a monitor cathode-ray 
oscillograph which is connected to all circuits provided 
with front-panel adjustments. This cathode-ray oscillo-
graph is of the "automatic" type; that is, the timing 
axis is automatically synchronized to the signal se-
lected by the monitoring selector switch by means of 
an additional deck on the selector switch. Because of 
the many complex circuits involved in a synchronizing 
generator, and because it is desirable during operation 
to check the performance of the entire instrument 
without shutting down or throwing it out of adjust-
ment, this monitor cathode-ray oscillograph is con-
sidered essential. 
Fig. 4 shows a block diagram of the synchronizing 

system employed in the equipment. The synchronizing 

alt  A 

• -4541101.) 
alsa 0 

• • 

• 

TR. 

Fig. 3—Synchronizing generator with front cover removed. 

generator can be divided into units according to the 
functions of the various circuits. 

Unit No. 1 Monitor cathode-ray oscillograph 
Frequency-divider circuit 
Composite synchronizing-wave generator 

Unit No. 2 Composite blanking 
Master sweep generator 
Power supply 

The monitor cathode-ray oscillograph has been de-
scribed above. The frequency-divider unit consists of 
transformer-coupled relaxation oscillators arranged to 
divide in accordance with the line- and frame-scanning 
standards selected. The switch to different standards 
is accomplished by means of a multiple-deck wave 
switch, connected to the oscillator and associated cir-
cuits, whereby the optimum circuit constants are se-
lected for operation on the scanning standard chosen. 
The composite synchronizing signal-generator cir-

cuit develops the synchronizing wave as shown in Fig. 
2. Use of this type of signal makes it possible to mini-
mize operating difficulties in the field insofar as syn-
chronizing-generator performance is concerned. This is 
principally due to the fact that the composite synchro-
nizing signal consists of two signals that are relatively 
simple to generate. Furthermore, improved vertical 
synchronizing performance is attained at the receiver.' 

1 National Television Systems Committee, Document No. 325R-
200 D31. 

In the composite synchronizing-signal generator is the 
shaping circuit for horizontal pulses, the high-fre-
quency carrier pulse generator for the field pulses, and 
the mixing and output circuits. 
The blanking, sweep, and power unit contains those 

circuits indicated in its title. Power for all circuits in 
the generator is supplied from this unit by means of a 
well-filtered, regulated supply. From the generator 

OSCILLOCARPN 

FREQuE KT DiviDER 

COTAPOSITE SYNC.. 

COMPOSiTE SLANKINO 

MASTER SWEEPS 

POWER SUPPLY 

L,NE puPLiFiER LINE MOMTOR 

To TN...moll*, 

CAMERA CONTROL 

CAMERA 

 [AMER., VIEW FINDER 

SHADING GENF RAloa 

CARE RA  MONITOR 

Fig. 4—Diagram of scanning and synchronizing system. 

unit, driving pulses are fed to the sweep generators 
which control the scanning circuits on the cameras, 
monitors, and shading generators. 
Horizontal and vertical blanking voltages are de-

rived from the respective sweep-signal generators, and 
shaped in the blanking-generator circuit. 'they are 

CAMERA 

PRE-ASIP 

CAMERA CONTROL 

CAMERA 

IVIDEO PRE AMP 

INC A M 

SHADING GENERATOR 

CAMERA CONTROL 

AM 

TT:  go re c: t r. Ito 

To LoN 
Mon. AN 

LINE AMPLIFIER 

r-
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To V.e. FAO*,  To Tee...1 W 
To Comoro Morolot 

SNADING GENERATOR 

Fig. 5—Diagram of video system. 

next mixed to form a composite blanking wave which 
is fed to the camera-control unit. 
Low-impedance outputs are provided on the syn-

chronizing-generator unit to feed a single or dual cam-
era chain with the following signals: 1. horizontal 
sweep, 2. vertical sweep, 3. composite blanking, and 4. 
composite synchronizing. By means of the synchroniz-
ing distribution unit, several camera chains may be 
controlled from one generator if it is considered so 
desirable. For normal operation on a dual chain, and 
with reasonable cable lengths, the synchronizing dis-
tribution unit can be eliminated. 
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VIDEO SYSTEM 

Fig. 5 diagrammatically shows the video system em-
ployed in a dual chain. Referring to this diagram, the 
video signal generated in the iconoscope output re-

Fig. 6—Camera equipment (iconoscope). 

sistor is fed to the pre-amplifier in the camera where 
correction for capacitance of the iconoscope output cir-
cuit is accomplished by means of a peaking stage in 
this amplifier. A cathode-follower output stage on the 
pre-amplifier feeds through the main cable to the 
camera-control amplifier, which will be described later. 

CAMERA 

Fig. 6 shows the camera equipment. In the camera 
are the video pre-amplifier (Fig. 7), camera sweep cir-
cuits, a type 1850 iconoscope, camera blanking circuits, 
and protective circuits. Power for these circuits is fed 
from a separate cable from the camera power unit. The 
amount of power dissipated in the camera itself is such 
that the heat generated by the tubes would be ex-
cessive, especially when used in a "hot" studio or out 
in the sun. Therefore, it has been found desirable to 
isolate those tubes generating most of the heat and 
place them on a deck on the exterior of the camera. 
The lens mechanism is operated by means of a handle 
at the side, and provisions are made for interchanging 
lenses in the approximate range of 61 inches, f/2.5 to 
16 inches, f/3.5. 

CAMERA CONTROL 

The circuits in the camera control unit are the video 
blanking amplifier, camera horizontal sweep-control 
and keystoning circuit, camera vertical sweep-control 
circuit, pedestal control, iconoscope beam control, 

iconoscope rim-light control, and the monitor and 
view-finder video supply circuits. The camera cable 
terminates in the rear of this unit, and all signals feeding 
the camera pass through the camera-control unit. 
(Note: The video signal to the view finder is fed over a 
separate small coaxial cable.) A test circuit for check-
ing the plate currents of amplifier tubes in the camera 
control is connected by means of a switch to a meter on 
the front panel. The camera video amplifier is com-
prised of five stages and two blanking clippers. 
Of interest in the camera-control unit are the blank-

ing circuit and the pedestal-control circuit. The former 
utilizes a low-impedance diode limiter for clipping the 
blanking pedestal after mixing, and beyond this point 
in the amplifier is the pedestal control which is a sim-
ilar diode circuit, but has a variable direct-current bias 
control for adjusting the amplitude of the pedestal in 
accordance with lighting conditions. 
The video output circuit of the camera control con-

sists of a high-level cathode-loaded stage which feeds 
the line amplifier and a low-level cathode-loaded 
stage for feeding the monitor, view finder, and shading-
generator cathode-ray oscillograph. Fig. 8 shows the 
interior view of the camera control on the wiring side. 
Power for the camera-control unit is obtained from a 
separate regulated supply to which the camera power 
and view-finder power units are interlocked. 

VIEW FINDER 

In motion-picture production, probably the most im-
portant technician is the cameraman. His successes or 
failures are very probably due to his ability to visualize 
how the particular scene will appear when projected on 
the screen before the shot is taken. By means of the 

Fig. 7—Camera pre-amplifier. 

electronic view finder, the television cameraman has an 
instantaneously developed picture before him at all 
times. View finding by means of matched lenses is an 
alternative method by which the cameraman can 
monitor his work. This method is expensive, however, 
and does.not lend itself readily to quick interchange-
ability of lenses, sometimes required during a program. 
For these reasons the electronic method of view find-
ing was chosen. Besides being able to determine the 
pictorial value of the scene before the camera, the 
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electronic view finder is used as the focusing monitor. 
Thus, the cameraman can adjust the optical focusing 
instantaneously, and since he is in control of the cam-
era, he can anticipate to some extent the position of the 
focusing handle and thus maintain the optical focus at 
all times. As an auxiliary to the electronic view finder, a 
framing device of some variety or other, or a Mitchell 
finder, is sometimes attached to the camera for the 
purpose of providing finding facilities outside of the 
field taken in by the camera. 
The electrical arrangement of the view finder is as 

follows: A high-intensity 5-inch electrostatic-type cath-
ode-ray tube is sweep-driven from signals to the 

dre 

Fig. 8—Camera-control unit, wiring side. 

camera. The sweep voltages are applied to plates of the 
cathode-ray tube by means of amplifiers located within 
the view-finder unit. The video signals fed to this unit 
are tapped off a monitor line in the camera control 
and fed to a video amplifier in the view-finder unit. 
Power and control circuits located in the view-finder 
supply unit are fed to the view finder by means of an 
interconnecting cable. (Controls are provided on the 
view-finder unit for maintaining the adjustments of 
brightness, contrast, and electrical focus, similar to 
those employed in television receivers.) Figs. 9 and 10 
show the internal arrangements of the view finder and 
view-finder supply units, respectively. 

Fig. 9—View finder, interior view. 

SHADING GENERATOR 

The shading-control generator is a separate unit in 
the equipment and is used only in conjunction with 
iconoscope cameras. 'The shading signals are derived 

Fig. 10—View-finder power supply, interior view. 

from the horizontal and vertical master sweep signals 
from the synchronizing generator. From these sweep 
signals the shading voltages generated in this unit are 
the horizontal saw-tooth, horizontal parabola, hori-
zontal sine, vertical saw-tooth, vertical parabola, and 
vertical sine. These signals can be controlled both in 

Fig. 11—Shading generator. 

amplitude and phase so that many varieties of com-
posite shading voltages can be obtained. These signals 
are mixed in a common amplifier whose output is fed 
into the iconoscope output circuit by means of a line 
in the camera cable. In the shading generator are the 
shading-generation, mixing, and output circuits, shad-
ing cathode-ray oscillograph, and the internal power 
unit. Video from the corresponding camera control is 
fed to the shading-generator cathode-ray oscillograph 
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in order to monitor the shading signals. The time axis 
is driven from either the horizontal or vertical sweep 
depending upon the setting of a switch on the front 
panel. Thus, the operator selects the line-frequency 
sweep for checking horizontal shading, and the field-
frequency sweep for checking vertical shading. A regu-

Fig. 12—Camera-monitor unit. 

lated supply is used to power all of the units in this 
circuit. Fig. 11 shows the shading generator. 

CAMERA MONITOR 

On each camera chain there is a monitor unit con-
nected by cable to the camera control corresponding to 
the camera being operated. This monitor is usually 
placed directly on top of the camera control or shading 
generator for the convenience of the operator. The 
camera monitor is powered from the camera-monitor 
supply by means of an interconnecting cable. Since 
electrically the camera monitor is identical with the 
view finder, it need not be described further here. Fig. 
12 shows a camera-monitor unit while Fig. 13 diagram-
matically shows the monitoring system in general. 

LINE AMPLIFIER 

Normally, the camera-control units generate video 
signals at a sufficient level for feeding monitor lines 
and controlling a camera chain as outlined above. 
However, the signals from the two cameras must be 
selected or mixed as the case may be and then mixed 
with the synchronizing signal to form the composite 
television signal. This is accomplished in the line am-
plifier which contains the video switching unit, syn-
chronizing mixing amplifier, main output stage, four 
auxiliary output stages, and the monitor cathode-ray 
oscillograph. 
Push-button switching of cameras is accomplished 

in the switching unit by selecting one or the other of 
the camera-control video signals. In addition to the 

two video signals, the composite synchronizing signal 
from the synchronizing generator is fed to the line 
amplifier. Just before the output stage, a mixing cir-
cuit is provided to introduce the synchronizing signal 
with the video. A synchronizing gain control is pro-
vided for maintaining the proper percentage of syn-
chronizing signal to video. In the event that a separate 
synchronizing transmission is used, this signal is fed 
directly from the generator to the transmitter or relay 
apparatus. 
The main output stage of the line amplifier is a 

heavy-duty cathode-follower stage which normally 
feeds a 75-ohm line at an approximate level of 6 volts. 
In addition to this stage, three low-level stages are 
provided for 75-ohm monitor lines, such as for program 
directing, auxiliaries, and local monitoring. The moni-
tor cathode-ray oscillograph is for the purpose of 
monitoring the output signal on the various lines. The 
video signal applied to the cathode-ray oscillograph is 
normally connected to the main output line. However, 
by means of a plug-in arrangement at the back, this 
cathode-ray oscillograph can be used to check all input 
and output terminals on the unit. Power for the line 
amplifier unit (excepting cathode-ray oscillograph 
power which is a built-in unit) is obtained from a sepa-
rate supply which is identical to that used for powering 
the camera-control unit. Fig. 14 shows the tube side of 
the line amplifier. 

LINE MONITOR 

The line monitor unit is used for checking the signal 
selected by the switching unit (Fig. 13). In addition to 
monitoring the video signal fed to the line, this unit 
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Fig. 13 —Diagram of monitoring system. 

also serves to monitor the synchronizing performance 
of the entire system. The viewing unit of the monitor is 
identical with the camera monitor previously men-
tioned, with the exception of the driven sweeps, and is 
powered from a supply unit also identical with the 
camera-monitor supply. In addition to this supply, 
however, there is a synchronizing separator and scan-
ning unit for separating the synchronizing wave from 
the composite signal. This is applied to the horizontal 
and vertical sweep oscillators of this monitor in the 
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same manner as in typical home television receivers. 
This line monitor, while intended primarily for opera-
tion with the DuMont synchronizing signal, is ar-
ranged to operate on synchronizing signals having 
rectangular field pulses as well as those of the radio-

frequency type. 

CONTROL DOLLY AND OPERATION 

The camera-control dolly is a lightweight frame on 
10-inch pneumatic wheels occupying a floor space of 
64X284 inches for a dual chain. The height of the 
control desk is 30 inches and the operating desk slides 
into the unit when not in use. Single or dual equipment 
is controlled from the camera-control dolly by the 
camera-control operator. He has control over the elec-

trical performance of the video system, including the 
synchronizing generator. Each camera is operated by 
a cameraman who, with the aid of the electronic view 

TABLE II 

STATISTICS, MOBILE CAMERA EQUIPMENT 

Unit 
Weight  Case Size  Power  No. 
Pounds  Inches  Watts  Tubes 

Synchronizing generator 
Blanking-sweep power unit 
Camera 
Camera power supply 
Electronic view finder 
View-finder power supply 
Camera control 
Shading generator 
Camera monitor 
Camera-monitor power supply 
Camera-control power supply 
Line amplifier 
Line-amplifier power supply 
Line monitor 
Line-monitor power supply 

Equipment dolly 

Total weight 

34  8 X20 X16  —  25 
43  8 X20X16  280  22 
45  10X20X174  —  13 
55*  80(17 005  225  19 
144  64X18X8  —  7 
42*  81)071)00  230  s 
28  8 X20X16  —  19 
43  8 X20 X16  180  20 
124  (AXIS X8  —  7 
42*  14)(17 0(10  205  8 
49*  Ilf X17; X10  345  11 
31  8 X20 X16  —  16 
49*  84X174X10  325  11 
1Irt  6/X18 X8  — 

81 X17i X16 230  7 5 16 

559.5  —  2025  — 209 
115 

674.5 

* Partly steel construction due to unavailability of lightweight metals. 

finder, follows the action, maintains the focus, and is in 
general control of the pictorial value of the subject 
matter being picked up by his camera. There are pro-
visions for interphone connections by which this op-
erator is in communication with the two cameramen 
and is also in communication with the terminal point 
to which the video signal is being supplied. A sound-
program-control unit is sometimes mounted on the 
camera-control dolly. When sound facilities are con-
trolled here, some of the duties of the video-control 
operator can be taken over by the sound man. 
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Fig. I4—Line amplifier, tube side. 
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A Simple Television Demonstration S\ 
JESSE B. SHERMANt, ASSOCIATE, I.R.E. 

Summary—The circuits and apparatus of a simple 150-line televi-
sion demonstration system are described. The equipment emigoys the 
small type 1847 iconoscope as camera tube, remotely operated from the 
transmitter control panel. The transmitter is connected by cable to 
receiving equipment of which the principal item is a modified conven-
tional oscilloscope. Some photographs taken of pictures on the kinescope 
screen are shown. 
It is shown that the low-frequency characteristic of a video cable 

driven from an amplifier plate circuit (lifers considerably from the 
characteristic of the usual snkrstage coupling. 

I. INTRODUCTION 

ASMALL iconoscope, recently available, has 
made it possible to develop medium-definition 
electronic television systems of relative sim-

plicity. A previous paper has discussed the use of this 
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to apparatus for general demonstration and school-
laboratory use, the total cost of which is less than the 
cost of a commercial-type iconoscope alone. 

II. GENERAL 

The transmitting end of the equipment consists of 
two units, the camera and the control cabinet. The 
camera contains the type 1847 iconoscope, lens, video 
pre-amplifier, scanning amplifiers, and remote-control 
focusing motor. The control cabinet contains the re-
mainder of the video amplifier, the power supplies, 
scanning and pulse generators and amplifiers, monitor 
kinescope, and monitor oscilloscope. 
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Fig. 1— Schematic wiring diagram of camera. 

iconoscope in amateur communication.' It is the pur-
pose of the present paper to describe an application 

• Decimal classification: R583. Original manuscript received by 
.the Institute June 24, 1941. 

t Electrical Engineering Department, The Cooper Union, New 
York, N. Y. 

1.J. B. Sherman, "A new electronic television transmitting sys-
tem for the amateur," QST, vol. 24, pp. 30-36; May, 1940. 
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The receiving equipment consists of two units. The 
synchronizing pulse separator and amplifier, scanning 
oscillators, and power supply comprise one unit, while 
the other is made up of the kinescope and its associated 
equipment. 

In the interest of simplicity and because the fre-
quency band is of moderate width, interlacing is not 
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used. The frame frequency is 60 cycles per second and 
the line frequency is 9 kilocycles, giving 150 lines. This 
was chosen as being at least the limit of the iconoscope 
definition. The frequency band produced, in the ab-
sence of iconoscope limitation, is approximately 600 

kilocycles. 
III. CAMERA 

The camera is housed in a steel box 5 X 6 X9 inches 
with a separate enclosure at the rear for the focusing 
motor. As shown in Fig. 1, the video pre-amplifier con-
tains three stages, the last cathode-coupled to the 
cable. The iconoscope is of the single-ended electro-
static-deflection type, the horizontal and vertical saw-
tooth voltages being brought to the camera at a level of 
5 to 10 volts and amplified in single-stage amplifiers. 
The lens used has a focal length of 2 inches, f/1.9, 

and is of the 35-millimeter camera variety. This covers 
the usable area of the mosaic very adequately. In or-
der to make it unnecessary for the camera to be within 
reach of the monitoring position, focusing is accom-
plished by means of a small reversible motor similar to 

Fig. 2—External view of camera. 

the kind commonly used for remote tuning of broad-
cast receivers. The rotor clutches and declutches auto-
matically on starting and stopping, and the gearing is 
such that the shaft speed is about 60 revolutions per 
minute. The lens is driven on a screw having 32 threads 
per inch; thus it requires about a half minute to move 

the lens I inch. This speed is more than sufficiently 
slow for easy focusing; it is also such that only a very 
few seconds are usually consumed in changing focus. 
Limit switches are provided to prevent overtravel. The 

A 

Fig. 3—Camera with top and motor housing removed. 

actual focusing control on the control panel consists 
of a key-switch-type handle which actuates short-ac-
tion snap switches, so that movement of the handle 
about  inch in either direction advances or retracts 
the lens. The focusing method has proved very con-
venient, and the required equipment is both econom-
ical and compact. 
The camera is connected to the control cabinet by 

the video and scanning cables, the motor cable, and 
the power-supply cable, all of which are enclosed in a 
single rubber tube. Fig. 2 shows the outer appearance 
of the camera. In Fig. 3 the top and the motor housing 
have been removed. 

IV. MAIN CHASSIS 

The control cabinet contains three chassis: the main 
chassis, containing the video amplifier, scanning and 
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pulse generators and amplifiers, and monitor kine-
scope; the oscilloscope; and the power supply. 
Fig. 4 is the schematic wiring diagram of the main 

chassis. The horizontal and vertical scanning oscilla-
tors employ gas triodes. The vertical oscillator is 
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these horizontal lines to appear on the kinescope 
screen. However, in using gas-discharge tubes, the 
vertical return time can readily be made only a few 
per cent of the horizontal scanning time, so that in the 
absence of vertical blanking a single, nearly vertical, 
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though the vertical oscillator is at the same time syn-
chronized with the 60-cycle supply. The effect is to 
make the single vertical line occur always at the edge 
of the scanning raster, leaving the balance free of re-
turn trace. It will be noted from Fig. 4 that this scheme 
has been employed and for this reason no vertical icon-

Fig. 6—Front view of control cabinet. 

oscope blanking is used. (There is no horizontal icono-
scope blanking, which is usual.) The kinescope return 
trace, which appears independently of the iconoscope 
trace, occupies approximately the same position on the 
screen. 
The discharge pulses of the scanning oscillators are 

amplified and made to serve as synchronizing signals 
by injection into the output stage of the video ampli-
fier. The injection is accomplished by applying the 
signals with negative polarity to the suppressor grid 
and driving beyond cutoff. In order to insure a "super-
sync" beyond the maximum black video signal, a tube 
operated in parallel with the video tube is so biased 
that the synchronizing signals produce a further posi-
tive excursion of plate voltage than do the video signals 
at cutoff. 
The scanning oscillators deliver saw-tooth deflecting 

voltages to the camera via cathode-coupled output 
stages, at a level of 5 to 10 volts as already mentioned. 
Single-stage amplifiers deliver the same deflecting volt-
ages to the 3-inch monitoring kinescope, the video 
signal for which is taken from the outgoing cable 
through one video stage. 
Some experimenting with shading was performed to 

determine whether any simple arrangement could be 
used to advantage. It was found that a horizontal 
shading signal of approximately half-sine shape, with 

the peak about the center of the picture, appreciably 
increased the permissible iconoscope beam current. 
This signal was readily derived from the horizontal 
deflecting voltage, and involves only a single panel 
control for amplitude. A variable capacitance, not on 
the panel, permits changing the shape of the shading 
waveform. 

V. POWER-SUPPLY CHASSIS 

The circuit diagram of the power-supply chassis is 
shown in Fig. 5. The video amplifier and other low-
voltage requirements are furnished by a regulated 
supply .of the series-regulation type. The monitor 
kinescope requires a total direct voltage of 1600, which 
is obtained from a voltage-doubling rectifier. The same 
supply furnishes 800 volts to the kinescope deflecting 
amplifier tubes. The iconoscope requires 600 volts, 

Fig. 7—Rear view of control cabinet with door open. 

negative with respect to ground, obtained from a third 
supply. There are, of course, in addition, the various 
alternating filament voltages. 
The power-supply chassis is connected to the main 

chassis by a 12-conductor .plug and cable, and to the 
camera by a similar plug and cable plus a 5-conductor 
motor cable. 
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Fig. 8—Schematic wiring diagram of receiving unit. 

It will be noted that the motor circuit includes pilot 
lights indicating when the motor is running and also 
when the limit switches have stopped the motor at 
either extreme of travel. 

VI. OSCILLOSCOPE 

The third chassis of the control unit consists of a 

2-inch oscilloscope for observing the composite video 
signal. By using either the frame or line-deflecting 
voltage as horizontal sweep, either frame or line con-
tent may be observed. The oscilloscope circuit is con-
ventional and is therefore not shown. 

Fig. 9—Top view of receiving unit. 
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VII. COMPLETE CONTROL EQUIPMENT 

Figs. 6 and 7 show, respectively, the front and rear 
of the control cabinet. The top chassis is the main 

Fig. 10—Underside view of receiving unit. 

unit. The controls on this panel are iconoscope vertical 
and horizontal size; iconoscope shading; camera video 
gain; kinescope horizontal and vertical size; kinescope 
horizontal and vertical centering; and kinescope bril-
liance, focus, and contrast. A detachable light shield 
may be slipped over the kinescope screen. 
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The center chassis is the oscilloscope. The panel 
controls are for brilliance and focus. 
The bottom chassis is the power-supply unit. The 

four knobs are for iconoscope focus, bias, and horizon-

Fig. 11—Photograph taken on monitor screen (Dr. Burdell)., 

tal and vertical centering. The optical focusing switch 
and pilots are in the upper center of the panel. The 
power switch and pilot are in the lower center. 
The cabinet measures 28X21 X134 inches. 

VIII. RECEIVING UNIT 

It is intended that a conventional 5- or 9-inch oscil-
loscope shall be used as the receiving-end kinescope 

Fig. .12—Photograph taken on monitor screen (Students). 

for the equipment, with the addition of a single-stage 
video amplifier, and the unit is shown schematically in 
Fig. 8. This unit comprises a synchronizing-signal 
separator and amplifier, scanning oscillators like those 
used at the transmitting end, and a 400-volt direct-
current power supply. The oscillators are connected to 
the respective deflecting amplifiers of the oscilloscope. 

Approximately 100 feet of 75-ohm cable are used 
between the transmitting and receiving ends. 
Figs. 9 and 10 are photographs of the top and under-

side, respectively, of the receiving unit. The controls 

Fig. 13—Photograph taken on monitor screen. 
(Foundation Building). 

are the video gain, horizontal hold, and vertical hold. 
The chassis measures 7 X9 X2 inches. 

IX. RESULTS 

Some photographs taken of pictures on the monitor 
screen are shown. The subject in Fig. 11 was a photo-
graph of Dr. Edwin Sharp Burdell, Director of The 

r 
Fig. 14—Pertaining to low-frequency response. 

Cooper Union. The subjects in Fig. 12 were two oblig-
ing students; this was performed in daylight in the 
laboratory. In Fig. 13, the iconoscope was pointed out 
the window at the Foundation Building across the 
street; the Third Avenue elevated structure appears 
in the foreground. 

APPENDIX I 

Note on the Low-Frequency Characteristic of a Video 
Cable 

It is of interest to observe that the low-frequency 
characteristic of a video cable driven from an amplifier 
plate circuit, as in Fig. 4, differs considerably from the 
characteristic of the usual interstage coupling. 
Referring to Fig. 14, it is readily shown' that 

'F. E. Terman, "Radio Engineering," McGraw-Hill Book Com-
pany, New York, N. Y., second edition, 1937, p. 179. 



amplification at low frequencies  1 

amplification in middle range  N/1 ± (Xc/R)2 

where 

R,R, 
R = Rt   

R„ 

In the usual video interstage coupling, 

Re is very large compared with Re, and R, 
(with pentodes) is also large compared 

with R. Hence the low-frequency char-

acteristic is determined by the ratio of X, 
to R. However, when the amplifier is fol-
lowed by a low-impedance cable, Rt be-
comes small in comparison with R, and R9. 
The circuit assu mes a constant-current 

aspect, and the relative low-frequency re-

sponse is much improved. 
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16—Comparison of low-frequency response: constant-voltage 
source (dotted curves) and Re/Rg=50 (solid curves). 

give the relative response for a constant-voltage source, 

and the solid curves for R,/Rt=50. 

This is brought out by Figs. 15 and 16. In Fig. 16 a 

75-oh m cable is assu med with a coupling capacitance 

of 20 microfarads, and the relative response is plotted 

APPENDIX II 

Note on the Low-Frequency Response of the Type 1847 
Iconoscope 

This iconoscope does not have a direct connection to 

the signal plate but instead is dependent for signal con-

nection  on a capacitance of 50 micromicrofarads 

through the wall of the tube. This im mediately intro-

duces a funda mental low-frequency deficiency, which 

however is not nearly as severe as might appear, for 

it is the high internal resistance of the iconoscope signal 

circuit which determines the low-frequency response, 

rather than the relatively low external resistance. The 

internal resistance is the dynamic resistance as deter-

mined  from  the secondary-emission  characteristic; 

hence it may be expected that the low-frequency re-

sponse will vary to some extent with beam current. 

Orthicon Portable Television Equipment* 
M. A. TRAINERt, ASSOCIATE, I.R.E. 

Sum mary—Recently developed orthicon portable television equip-
ment is described. Because of the greater light sensitivity of the orthi-
con, it is expected that the equipment will fill a need for lightweight 
equipment to be used under adverse light conditions. Among the novel 
features of the design are the use of a forced-air-cooled transformer in 
the regulated power-supply unit, an all-electronic synchronizing gen-
erator, gamma control, and keyed diodes for black-level setting. 

The units required for a one-camera setup are: camera and tripod, 
camera control unit, power-supply unit, pulse unit, and shaping unit. 
The total weight, exclusive of camera cable, is 370 pounds and the 
power required is 1250 watts. 

C
ONSI DERABLE field experience with icono-

scope portable television equipment indicated 

a need for camera equipment that would pro-

duce satisfactory pictures under  very unfavorable 

• Decimal classification: R583. Original manuscript received by 

lighting conditions. It was felt that if the orthicon, 

with its superior sensitivity, could be used as a camera 

tube in portable equipment, the desired results would 

be obtained. Many construction problems had to be 

solved, particularly in the design of the camera, so that 

the finished equipment would be sufficiently portable 

for field use. 

Experience has also shown that the camera must be 

equipped with a view finder and focusing system that 

would  not  unduly tire  the camera operator and 

the Institute, July 2, 1941. Presented, Summer Convention, De-
troit, Michigan, June 25, 1941. 

t RCA Manufacturing Company, Victor Division. Camden, 
New Jersey. 
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the power-supply unit should be regulated to provide 
satisfactory operation on the power-supply lines en-
countered in field work. 

ORTHICON CAMERA 
IIa  It,  24,r ASSEMBLED WT HS * LESS TRIPOD 

AMPLIFIER 2, 
VIEWFINDER 
COMPARTMENT 

LENS 
ASSEMBLY 
WT 5* 

CAMERA 
CABLE 
1.2 .0.0. to/FT 

ORTHICON 
COMPARTMENT 

/ T \  T:1 >00 
WT.38* HANDLES - WT 12. 

WT 41 ° 

WT S4 . 

CAMERA 
CONTROL 
UNIT 

e• IS. 25V 

WT 58. 

POWER 
SUPPLY 
UNIT 

B. 15.24f 

W1154° 

FOCUSING IL PANNING 

SYNCH GEN 
SHAPING 
UNIT 

•15%241- 

SYNCH. GEN. 
PULSE 
UNIT 

8'• IS'• 24i 

vrr 51' 

TOTAL WEIGHT 4306 
POWER INPUT 1250 WATTS AT 110V 40.- 4 

Fig. 1— Sche matic diagra m of orthicon television equip ment. 

Fig. 2— Orthicon portable television equipment. 

Fig. 3 

The diagram in Fig. 1 shows the number of units re-
quired for a one-camera setup. The weights and power 
requirements of the various units are indicated. Fig. 2 
is a photograph of the actual equipment. Fig. 3 is a 
rear view of the equipment showing the plug and inter-

connecting cable arrangement for the several units. 
Fig. 4 is a close-up view of the four suitcase-type units. 
A detachable cover is provided for the controls and 
cathode-ray tubes in the camera control unit. The 
knobs and meters on the power-supply unit and the 
pulse unit are recessed to avoid injury during trans-
portation. 

Fig. 4— C a mera control,  po wer-supply, shaping and pulse units. 

T he last two constitute the synchronizing generator. 

CAMERA 

Fig. 5 shows the orthicon camera. In order to facili-
tate handling, the camera was made in two main sec-
tions. The upper half contains the optical view finder 
and the amplifiers. The lower half houses the orthicon, 
the orthicon focusing coil, and the lens-carriage mech-
anism. 

Fig. 5- -Orthicon television ca mera. 

A lens-adapter plate on which both the view-finding 
and the picture-taking lenses are mounted is fastened, 
by means of thumbscrews, to the lens-carriage mech-
anism. When it is desired to change to lenses of a differ-
ent focal length, a second adapter plate with the 
desired.lenses is substituted. 
The two handles at the rear of the camera provide 

convenient means for tilting, panning, and focusing 
the camera. The upper section of the right handle pro-
vides for coarse focusing while the lower section allows 
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for fine focusing. Both handles are readily detachable 

from the camera. 
The optical view finder produces an image of the 

scene that is correct left to right and top to bottom. 
Parallax correction is provided and is automatically 
adjusted when lenses of different focal lengths are used. 
A field of view approximately 30 per cent higher and 

15 per cent wider than that included by the picture-
taking lens is provided by the view finder. This is a 
distinct advantage because it allows the camera op-
erator to avoid panning into unwanted parts of a scene. 
Fig. 6 shows the camera with the compartment cov-

ers open. The deflection and Wanking amplifier may 
be seen in the upper compartment. Electrostatic hori-
zontal deflection and magnetic vertical deflection are 
provided for the orthicon. The focusing coil and the 
lens-carriage drive mechanism can be seen in the lower 
compartment. The focusing coil is mounted in a trun-
ion in order that the magnetic field may be aligned 
with the axis of the orthicon. 

72:41"i'itVAP:• •• el 

' 

Fig. 6 

Fig. 7 shows the 5-stage camera video amplifier in 
the upper compartment. The amplifier is shock-
mounted to minimize microphonics. The receptacle for 
the camera-cable plug is visible in the lower compart-
ment. All electrical connections between the upper and 
lower compartments are made by means of self-align-
ing plugs and receptacles. When the camera is being 
set up, the upper half is literally plugged into the 
lower half. Receptacles are provided at the rear of the 
lower compartment for the camera-operator's head-
phones and breastset by means of which he may com-
municate with the other personnel. Camera cables up 
to 500 feet in length may be used between the camera 
and the camera control unit. 

CAMERA CONTROL UNIT 

Fig. 8 shows the circuit side of the camera control 
unit. The 7-inch kinescope and the 3-inch oscilloscope 
can be seen in their magnetic shields. All cable con-
nections are made at the rear of the unit. The controls 

that are used frequently for adjusting the video am-
plifier, the orthicon, and the kinescope are located on 
the front of the unit. Additional controls that require 
infrequent adjustment are available at the top front of 
the unit. Three unusual features of the video amplifier 

:.,;:ter;•••••!.:e•ot:04;',' 

Fig. 7 

are the black-level setter or "clamp circuit," the linear 
clipper, and the gamma control. 
The black-level-setter tube is a double diode which is 

keyed at the end of every horizontal line. By this 
means, the top of every horizontal blanking impulse is 
returned to a fixed voltage level. Hum and low-fre-
quency microphonics are very effectively removed 
from the video signal. An adjustment is provided to 
allow any desired amount of "setup" between the pic-
ture blacks and the top of blanking impulses. 

Fig. 8—Ortimun camera control unit—circuit side. 

The clipper tube is direct-current connected to the 
black-level-setter tube and the clipping is done in the 
plate circuit by means of a diode which is adjusted to 
open the circuit at a predetermined voltage level. The 
clipping point is well defined and the black portion of 
the video signal is not compressed as it is in the usual 
type of clipper. 
When an orthicon picture is viewed on a kinescope 

with its curved grid-voltage versus light-output char-
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acteristic, the black portions of the picture are com-
pressed. To provide a more pleasing picture, two kinds 
of gamma correction are incorporated in this unit. 
When gamma A is used, the video signal is amplified by 

Fig. 9—Caniera control unit—tube side. 

three tubes in parallel, two of which amplify only the 
black portion of the signal. When gamma B is used, the 
plate impedance for one of the video amplifier stages is 
increased for the black portion of the video signal. The 
disadvantage of this method is that the high-frequency 
components of the black portion of the video signal are 
attenuated. However, the high-frequency noise that is 
present in the black portion of the signal is also at-
tenuated. It is felt that gamma-B correction may prove 
useful when scenes are being televised under unfavora-
ble lighting conditions. The amount of gamma-A or 
gamma-B correction used can be varied by the operator. 
The deflection and video amplifier circuits for the 

kinescope and the oscilloscope are located in this unit. 
The video signal level at the output is 1.5 volts peak to 

Fig. 10—Power-supply unit—tube side. 

peak across 76 ohms. For a single-camera setup, the 
. synchronizing signal is added to the video signal in this 
unit. 

Fig. 9 shows the tube side of the camera control unit. 
The high-voltage rectifier that supplies second-anode 

voltage for the kinescope is visible in the lower rear 
corner of the unit. 

POWER-SUPPLY UNIT 

Fig. 10 shows the tube side of the power-supply unit. 
This unit supplies 600 milliamperes at 300 volts direct 
current. The voltage is regulated and is maintained 
substantially constant despite line-voltage or load-cur-
rent fluctuations. An additional 200 milliamperes is 
supplied for the orthicon focusing coil. This current is 
regulated and is maintained constant although the re-
sistance of the coil changes considerably with tempera-
ture. 

Fig. 11—Power-supply unit—circuit side. 

The power transformer is forced-air-cooled. The air, 
after being drawn through the air filter and transformer, 
is forced past the regulator and rectifier tubes and pro-
vides very effective cooling. The combined weight of 
the blower and special transformer is about one third 
the weight of a transformer of conventional design 
having the same power rating. 

Fig. 11 shows the circuit side of the same unit. A line 
voltmeter is mounted on the front panel. By means of 
a plug-in meter, the plate current of each individual 
regulator tube can be read. 

Fig. 12—Orthicon pulse unit—tube side. 
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SYNCHRONIZING GENERATOR 

The synchronizing generator is comprised of two 
units, the pulse unit and the shaping unit. The Radio 
Manufacturers Association type of synchronizing 
pulses for 525-line, 30-frame, 60-field pictures, and all 
the necessary driving and blanking pulses are pro-
vided. The generator is all electronic and has a self-
contained regulated power supply. 
Fig. 12 shows the tube side of the pulse unit. The 

particular unit illustrated was designed for 441-line 
operation as indicated by the dial markings. 
A master oscillator operating at twice line frequency 

Fig. 13—Orthicon pulse unit—circuit side, 

is stepped down by means of counter circuits to field 
frequency. Provision is made for locking the generator 
with the 60-cycle power supply. The regulated power 
supply is visible at the left. A line voltmeter and 6 test 
buttons are mounted on the front panel. The test but-
tons provide an easy means for checking the adjust-
ment of the counter circuits without opening the side 
covers. Fig. 13 shows the circuit side of the same unit. 
The tube side of the shaping unit is shown in Fig. 14. 

As the name implies, the function of this unit is to 
shape properly the pulses received from the pulse unit. 
Controls are provided to adjust the width of the vari-
ous pulses. 
Fig. 15 is a view of the circuit side of the shaping 

unit. Although this unit contains 26 tubes with their 
associated circuit components, all parts are readily ac-
cessible. No delay unit is required for camera cables up 
to 500 feet in length. 

MASTER CONTROL UNIT 

A master control unit for use with two or three or-
thicon cameras is being constructed. The video signal 
output of any camera control unit is switched at the 
input to the master control unit. A pilot light indicates 
which camera is connected and at the same time a light 
on the selected camera warns the operator that the 
camera is "on the air." A 7-inch monitoring kinescope 

and a 5-inch oscilloscope tube are included in this 
unit. Operating tests have shown that a large oscillo-
scope tube greatly facilitates setting and maintaining 
the proper signal levels at the output of the master 
control unit. Synchronizing signal is added to the video 
signal in this unit. The video siznal level at the output 

Fig. 14—Orthicon shaping unit—tube side. 

is 5 volts peak to peak across 76 ohms. A power-supply 
unit similar to the one previously described supplies 
power to the master control unit. 

CONCLUSION 

Orthicon portable television equipment is expected 
to fill a need for equipment to be used where the arti-
ficial or natural light is insufficient for satisfactory 

Fig. 15—Orthicon shaping unit—circuit side. 

iconoscope pictures. This condition is frequently en-
countered when televising indoor sporting events or 

outdoor scenes in the late afternoon. 
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The Design and Development of Three New Ultra-
High-Frequency Transmitting Tubes* 

CECIL E. HALLERt MEMBER, I.R.E., 

Summary—A discussion and review are given of the service and 
design requirements of transmitting tubes intended for application in 
the ultra-high-frequency spectrum. These requirements fall in two 
classes: (I) those imposed by service conditions and (2) those imposed 
by the frequency at which the tube is operated. The fulfilling of these 
requirements has led to certain design and manufacturing problems, 
such as the reduction of grid emission, choice of anode material, choice 
of a suitable mechanical structure, etc. 
A description of the novel features of construction and the operation 

of three new ultra-high-frequency transmitting tubes are also given. 
Two of these tubes are the RCA-815 and RCA-829 which are push-pull 
beam tetrodes what the third tube, the RCA-826, is a triode. Some 
Precautions necessary for obtaining satisfactory operation with these 
tubes are given. 

1 HE recent activity in the development of ultra-
high-frequency communication has created a 
demand for transmitting tubes having carrier 

power outputs of the order of 30 to 60 watts at fre-
quencies as high as 150 megacycles and in some in-
stances as high as 250 megacycles. In order to clarify 
the tube-design requirements it is well to enumerate 
the more common uses to which tubes are applied in 
ultra-high-frequency communication. These uses in-
clude police, aviation, marine, television, amateur, and 
point-to-point communication and employ continuous-
wave transmission, amplitude modulation, or fre-
quency modulation. A survey of these uses yields 
some interesting requirements which can be divided 
in two classes: (1) those imposed by service conditions; 
and (2) those imposed by the frequency spectrum in 
which the tubes are operated. The requirements of 
tubes suitable for operation in this frequency spectrum 
have been discussed at length by others'—. but are sum-
marized in order that they can be considered in connec-
tion with the design and development of the three new 
ultra-high-frequency transmitting tubes described in 
this paper. 

TUBE-DESIGN REQUIREMENTS IMPOSED BY 
SERVICE CONDITIONS 

(1) The tube must be strongly constructed since it 
must withstand the mechanical shocks incident to all 
types of services in which it is applied, such as, for 

* Decimal classification: R339. Original manuscript received by 
the Institute, June 5, 1941. Presented, Summer Convention, De-
troit, Michigan, June 24, 1941. 
t Research and Engineering Department, RCA Manufacturing 

Company, Inc., Harrison, New Jersey. 
C. E. Fay and A. L. Samuel, "Vacuum tubes for generating 

frequencies above one hundred megacycles," PROC. I.R.E., vol. 23, 
pp. 199-212; March, 1935. 

2 M. J. Kelly and A. L. Samuel, "Vacuum tubes as high fre-
quency oscillators," Trans. A. I. E. E. (Elec. Eng., November 
1934), vol. 53, pp. 1501-1517; 1934; Bell Sys. Tech. Jour., vol. 14, 
pp. 97-134; January, 1935. 

3 W. G. Wagener, "The developmental problems and operating 
characteristics of two new ultra-high-frequency triodes," PROC. 
I.R.E., vol. 26, pp. 401-414; April, 1938. 

A. L. Samuel and N. E. Sowers, "A power amplifier for ultra-
high frequencies," PROC. I.R.E., vol. 24, pp. 1464-1483; November, 
1936; Bell Sys. Tech. Jour., vol. 16, pp. 10-34; January, 1937. 
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example, those which might be experienced when a 
police car drives over a curb or rugged terrain. It 
should not produce objectionable microphonics under 
such conditions. 

(2) The tube must usually be designed for a plate 
voltage of less than 1000 volts and often as low as 300 
volts. The use of low voltages offers many advantages 
to the equipment designer in insulation and weight re-
quirements. In applications where power economy is a 
factor, it is desirable that all tubes of the transmitter 
operate at a common plate voltage in order to eliminate 
the need for power-consuming, voltage-dropping re-
sistors. 

(3) Air cooling must be used as the size and weight 
of liquid-cooling equipment is prohibitive in most 
cases. 

(4) A tube is required which gives the highest effi-
ciency with as low value of driving power as possible 
in order to reduce the size, weight, and cost of compo-
nent parts of the transmitter and associated power sup-
plies. In terms of tube design, a high-perveance tube 
is indicated, preferably of the screen-grid type.' 
(5) A filament or heater operating at 6.3 or 12.6 

volts should be used in those tubes intended for mobile 
services in order to avoid series dropping resistors and 
attendant loss of power. 

(6) Police, marine, and aviation services usually re-
quire that the tube occupy a minimum of space and 
be of as small over-all length as possible. 
(7) The construction must be such that the tube, in 

case of failure, can be replaced readily and quickly in 
the transmitter. 

DESIGN REQUIREMENTS IMPOSED BY FREQUENCY 
OF OPERATION 

(1) Electrically the tube should lend itself readily to 
circuit design and what is, perhaps, more important if 
transmission lines are used, should not excessively 
shorten either the input or output lines because of its 
input and output capacitance. An appreciable part of 
the circuit must appear outside the tube. 

(2) The dimensions and material of the electrode 
leads must be such that they will safely carry the ultra-
high-frequency currents without overheating or intro-
ducing any appreciable amount of impedance. 
(3) Transit-time losses must be minimized.6.8 This 

A. K. Wing, Jr., "A push-pull ultra-high frequency beam 
tetrode," RCA Rev., vol. 4, pp. 62-72; July, 1939. 

I W. G. Wagener, "The requirements of a new ulga-high-fre-
quency power tube," RCA Rev., vol. 2, pp. 258-265; October, 1937. 

7 0. H. Schade, "Beam power tubes," PROC. I.R.E., vol. 26, pp. 
137-181; February, 1938. 

A. V. Haeff, "Effect of electron transit time on efficiency of a 
power amplifier," RCA Rev., vol. 4, pp. 114-122; July, 1939. 
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implies close-spaced electrodes and, consequently, high 
dissipation densities per unit area.9 
(4) The insulation between electrodes must not in-

troduce any appreciable losses and also must not dis-
integrate at high frequencies or at elevated tempera-
tures. 
(5) If the tube is of screen-grid type, it must per-

form as a stable amplifier without neutralization. It 
must, therefore, have a low feedback capacitance and 
also must not have other characteristics, such as com-
mon impedances, which provide unwanted energy 
interchange. If the tube is a triode, it must be capable 
of satisfactory neutralization. • 
(6) Provisions must be made to minimize random 

and stray electrons which may, due to their long time 
of flight, cause poor efficiency. Stray electrons striking 
a glass envelope may lead to gas evolution directly or 
in more severe cases to gas evolution indirectly through 
glass decomposition. Furthermore, under certain con-
ditions they can give rise to secondary emission and 
can, thus, cause a portion of the glass surface to assume 
a positive potential. This charged portion may attract 
more electrons and cause localized bulb heating and 
consequent softening of the bulb to the point where 
failure occurs. 

SPECIAL PROBLEMS OF DESIGN AND MANUFACTURE 

Departures from conventional design procedures 
such as reduction in size, decrease in interelectrode 
spacings, and the consequent increase in dissipation 
densities made in order to secure better high-frequency 
performance have given rise to some fundamental de-
sign problems. Probably the most important of these 
is the elimination of grid emission. Grid emission re-
sults from operation of the grid at elevated tempera-
tures produced by the inherently high dissipation 
densities and may be intensified by a deposit of active 
material from the emitter either during manufacture 
or during operation. Some basic means must be pro-
vided which will make the grid operate at tempera-
tures below that at which it emits objectionably. This 
reduction in temperature may be obtained through re-
moving heat more rapidly from the grid either by (a) 
conduction, through the use of copper side rods for the 
control grid and the use of grid wire of high thermal 
conductivity or (b) radiation, by carbonizing any part 
from which heat can be radiated so that the resultant 
temperatures of electrodes adjacent to the grid are 
reduced. 
Considerable improvement may be had by operation 

of the cathode at a temperature low enough to provide 
satisfactory emission but yet not high enough to cause 
excessive evaporation of active emitting material to 
the grid. Gains can also be obtained in screen-grid 
types of tubes by designing the screen so that its dis-
sipation and consequently its temperature is reduced. 

° B. J. Thompson, "Review of ultra-high-frequency vacuum 
tube problems," RCA Rev., vol. 3, pp. 146-155; October, 1938. 

The beam type of tube offers much advantage in this 
respect.' Finally, a strategic choice of materials has 
important benefits in the reduction of grid emission. It 
is well known in the case of oxide-coated emitters that 
certain nickel-base alloys behave much better than 
others so far as causing grid emission is concerned and 
it is also well known that certain grid materials are apt 
to emit more copiously than others. 
The increase in safe anode-dissipation density can 

be accomplished by using an anode whose effective ra-
diating area is increased by the use of fins or by the 
roughening of the surface. It may also be increased by 
using an auxiliary material on the surface which in-
creases the heat-radiating properties by either pro-
ducing an increase in thermal emissivity or in surface 
area. Although carbon has a high emissivity, its use 
presents some manufacturing problems in small high-
frequency tubes. It is difficult to obtain a good low-
resistance contact with the carbon, a very important 
requirement at high frequencies. In the case of oxide-
coated emitters, the degassing temperature of carbon 
lies near or above that to which the emitter can be 
heated without impairing its emission properties. These 
disadvantages of carbon make the choice of a metal 
anode material preferable. For one of the new tubes 
described in this paper, a carbonized nickel anode is 
used with a fin structure which effectively doubles the 
power it can radiate. In another tube type, a zircon-
ium-coated molybdenum anode is used which has a fin 
structure so constructed that it has a power-handling 
capability that approaches that of carbon.101 ' 
Operation of electrodes at higher temperatures and 

the larger ratio of mass of metal to volume of the en-
velope of the tube requires a most active and efficient 
getter. Batalum getter1233  is quite satisfactory and in 
the case of zirconium-coated anodes, zirconium itself 
exhibits a remarkable getter action. 
At the higher frequencies the choice of material and 

the location of insulators is very important in order to 
avoid localized heating which in addition to the at-
tendant loss of power may cause the release of gases 
and the consequent impairment of the emission char-

acteristic. 
Because of space requirements and the necessity of 

short direct leads, the volume of the envelope must be 
minimized. This requires that the glass of envelope and 
stem be very stable and that it also be carefully proc-
essed in order to remove surface contaminations and 
gases so that little or no gas be released during the life 
of the tube. The release of gas from glass proceeds 
quite rapidly at elevated temperatures or undue elec-
tron bombardment; hence, it is imperative that few 

I°  J. D. Fast, "Zirconium," Foote-Prints, vol. 10, pp. 1-24; 
December, 1937. 
" J. D. Fast, "Zirconium as a getter," Foote-Prints, vol. 14, pp. 

22-30; June, 1940. 
12 E. A. Lederer, "Recent advances in barium getter technique," 

RCA Rev., vol. 4, pp. 310-318; January, 1940. 
" E. A. Lederer and D. H. Walmsley, "Batalum—A barium 

getter for metal tubes," RCA Rev., vol. 2, pp. 117-123; July, 1937. 
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stray electrons strike the glass and that it operate at 
not too high temperature. Forced-air cooling may be 
used to advantage in some instances to reduce the bulb 
temperature. As the mount size is reduced and leads 
are shortened, the problem of sealing the glass envelope 
to the stem without excessive oxidation or burning of 
the tube electrodes becomes a major problem. 

Pig. 1—A push-pull beam transmitting tube having oxide-coated 
cathodes and a total plate dissipation of 40 watts. It may be 
operated at full rating to frequencies as high as 200 megacycles. 

THE THREE NE W ULTRA- HIGH-FREQUENCY 
TRANSMITTING TUBES 

Three new ultra-high-frequency transmitting tubes 
were designed and developed in accordance with these 
service and frequency requirements to fulfill specific 
commercial needs. Two of these tubes, the RCA-829 
and the RCA-815 are push-pull beam power tetrodes, 
and the other, the RCA-826, is a triode. 

RCA-829 

The RCA-829 is a push-pull beam power tetrode of 
the heater-cathode type. (Fig. 1.) It contains two beam 
power units within one envelope. The total maximum 
plate dissipation is 40 watts. It is capable of handling 
power inputs of 120 watts with very low driving power 
at frequencies as high as 200 megacycles and may be 
operated at reduced ratings at frequencies as high as 
250 megacycles. The RCA-829 was developed to meet 
the need for a tube that would be suitable for mobile 

operation and would deliver a carrier power output of 
50 watts at 200 megacycles. 
A consideration of the fundamental requirements 

and experience on the type RCA-1-332 (a push-pull 
tetrode)6 led to the choice of a structure similar in 
many ways to the RCA-832 but with greater power 
capabilities. Inasmuch as it was not desirable to raise 
the plate voltage above 500 volts, a longer mount struc-
ture was used in order to obtain an input current which 
would fulfill the output power requirements. This 
change led to several interesting mechanical and elec-
trical problems in the design of the RCA-829. 

In the early developmental tubes, considerable en-
ergy interchange appeared between the plate circuit 
and grid circuit, so much that operation of the tube as 
a power amplifier at 200 megacycles was very difficult. 
When the plate circuit was tuned through resonance, 
with the grid circuit excited in a normal manner and no 
voltage applied to the anodes of the tube, measure-
ments showed more than 1 watt of power being fed 
through the tube from the grid circuit into the plate 
circuit. This large amount of power did not appear to 
be due entirely to the direct feedback capacitance of 
the 829. All attempts at internal neutralization of the 
tube were unsuccessful. Furthermore, it also appeared 
that neutralization in any form would be extremely 
difficult if not practically impossible at these ultra-
high frequencies. This feed-through of power or appar-
ent increase in feedback capacitance was found to be 
due to the series inductance of the tube electrodes pro-
duced by their respective lengths. This inductance 
caused a radio-frequency potential to exist between the 
top and bottom of each respective tube electrode. Such 
a condition was particularly objectionable in the case 
of the beam-plate assemblies and screens as it gave 
rise to an indirect feedback which produced energy 
interchange between the control-grid ..circuit and the 
plate circuit and prevented stable amplifier operation. 
The magnitude of this series inductance was very much 
reduced by cross-connecting the screens of each unit 
at both the top and bottom of the mount." Similarly, 
the beam-plate assemblies and cathodes of each unit 
were cross-connected. Fig. 1 illustrates the method in 
which these connections are made at the top of the 
tube. Tubes made in this manner are quite stable when 
operated as power amplifiers at a frequency of 200 
megacycles. After this change was made only a small 
fraction of a watt was fed through the tube. 
The output capacitance is approximately 7.0 micro-

microfarads. This value is neither excessive nor ob-
jectionable as it permits an external circuit of about 6 
inches in length for operation at 200 megacycles with 
a quarter-wave parallel line having a surge impedance 
of approximately 180 ohms. The input-circuit capaci-
tance is approximately 15 micromicrofarads. This 
" The writer is indebted to Mr. Bernard Salzberg, formerly of 

the RCA Manufacturing Company (Harrison, N. J.), now of the 
Naval Research Laboratories (Anacostia, D. C.), for this method of 
reducing electrode inductance. 
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value at a frequency of 200 megacycles may or may 
not permit the use of a quarter-wavelength line de-
pending upon the surge impedance of the line. Con-
sideration of the factors contributing to input capaci-
tance such as grid-to-cathode spacing, grid-to-screen 
spacing, cathode width, cathode length, etc., indicated 
that this value could not be materially reduced without 
seriously impairing the perveance, mechanical stabil-
ity, and high-frequency characteristics. 
Some means had to be provided for bracing the 

mount when the length was increased, which would not 
appreciably impair the high-frequency characteristics 
of the tube. This was accomplished by using staples in 
the top mica bearing against the inner bulb surface. 
The two large openings in the top mica which are 
spaced between the two units are provided to remove 
the mica from a position of high field gradient. With 
the tube under much higher than rated anode voltage 
and at a frequency of 200 megacycles, it was discovered 
that the mica was heated to a point of showing color 
in the position where the holes are now located. 
Nickel side rods on the No. 1 grid which had been 

used satisfactorily in the type 832 were found to be 

CATHODE  GRID N!2 

BEAM-
FORMI NG 
PLATES 

UNIT Net  UNIT N22 

Fig. 2—Horizontal cross section of the RCA-829 electrodes. 

unsuitable because of grid emission in the type RCA-
829. This was due to the increased length of the grid. 
The center section operated at a higher temperature 
due to the proportionally lower amount of heat con-
ducted away by the side rods to the grid terminals. 
The use of a silver-copper-alloy side rod has satisfac-
torily corrected this trouble. The silver-copper alloy 
has practically all the thermal conductivity of copper 
but is materially stiffened by the presence of a small 
amount of silver. It was found necessary to use a cop-
per connector and radiator on the bottom of the con-
trol grid in order to permit heat flow from both side 
rods to the stem lead. An anode constructed with fins 
in a manner shown in Fig. 2 aids in reducing the anode 
temperature and, consequently, the operating tem-
perature of the control grid. These fins increase the 
effective radiating area of the anode. Although the 
anode is made of carbonized nickel, great care must be 
exercised in order that no loose particles of carbon are 
left on the anode. These, under electrostatic fields, 
tend to migrate to the cathode and impair its emitting 

properties. Therefore, the anode must be brushed 
thoroughly to remove all loose carbon particles. The 
ends of the beam plates above the anode are closed 
over the grid-cathode structure in order to prevent 
stray electrons from escaping and striking the glass 
envelope. 
Fig. 3 shows the stem used on both the RCA-829 and 

RCA-826. This type of stem permits of short, heavy, 
and low-loss leads which are quite essential at ultra-
high-frequency. The 0.060-inch diameter tungsten 

Fig. 3—Molded-flare stem as used on the RCA-826 and RCA-829. 

leads of the stem afford an excellent means of trans-
ferring heat away from the control grid by conduction 
to the socket terminals. 
The maximum ratings of the RCA-829 are given in 

Table I. Forced-air cooling must be used when the 

TABLE I 

MAXIMUM RATINGS 

RCA-826 RCA .815 RCA-826 

Class C Telephony 
(Carrier Condition) 
Direct plate voltage 425 325 800 volts 

Direct screen voltage 225 200 —  volts 
Direct grid voltage —175 —175 —500 volts 

Direct plate current 212 125 95 milliamperes 

Direct grid current 15 6 40 milliamperes 

Plate input 90 ao 75 watts 

Screen input 7 2.7 —  watts 

Plate dissipation 28 13.5 40 watts 

Class C Telegraphy 
Direct plate voltage 500 400 1000 volts 

Direct screen voltage 225 200 —  volts 

Direct grid voltage —175 —175 —500 volts 
Direct plate current 240 150 125 milliamperes 

Direct grid current 15 6 35 milliamperes 

Plate Input 120 60 125 watts 
Screen input 7 4 —  watts 
Plate dissipation 40 20 60 watts 

tube is operated at full rated input. With a circuit 
employing grid and plate transmission lines, a carrier 
power output of 53 watts (as measured in a lamp load) 
was obtained at 200 megacycles for a plate voltage of 
425 volts and a current of 210 milliamperes. Measure-
ments have indicated that the output circuit loss was ap-
proximately 10 watts. The circuit loss was estimated 
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by attaching a thermocouple to the tube envelope op-
posite one anode. The temperature was noted under 
normal operating conditions in order to obtain an index 
of anode dissipation. The load was then removed and 
with the plate circuit tuned and with normal plate 
voltage maintained the input current was varied by 
adjusting the screen voltage until the same bulb tem-
perature as previously noted was obtained. The plate 

(a) 

(b) 

Fig. 4—(a) Top view of the UT-106 and UT-107 sockets. 
(b) Bottom view of the UT-106 and UT-107 sockets. 

circuit was then detuned and the same process re-
peated. The difference in the input power required to 
give the same envelope temperature with the unloaded 
circuit tuned and detuned gives an approximate meas-
ure of circuit loss. Since the plate-circuit losses are 
proportional to the square of the anode voltage, the 
plate-circuit efficiency should not rise as fast as pre-
dicted from voltage considerations. That such is the 
case has been verified in that little or no improvement 
in efficiency was obtained by increasing the anode op-
erating voltage on the RCA-829 from 400 to 500 volts. 
In order to realize the full capabilities of the RCA-

829 it is necessary that all radio-frequency by-passing 
be as near the tube terminals as possible. It is desirable 
to have the by-pass condensers made an integral part 
of the socket assembly. Fig. 4 illustrates a socket 
(UT-107) that was developed commercially for this 
tube. For stable amplifier operation it is essential that 
the input circuit be well shielded from the output cir-
cuit. It is also important at ultra-high-frequencies to 
provide low-loss terminal connections to the tube. 

RCA-815 

The good performance and exceptional operating 
characteristics of the RCA-829 led to the consideration 
of a new tube that would be more adaptable to quan-
tity production and that could be produced at a cost 
below that of the RCA-829. Such a tube should fulfill 
a need existing in the radio amateur field for a small 
tube suitable for 112-megacycle operation. 
The RCA-815 is a twin beam tetrode designed for a 

maximum input of 60 watts at frequencies as high as 
150 megacycles. (Table I.) The RCA-815 like the 
RCA-829 contains two beam power units except that 
the envelope is of soft glass instead of hard glass and 
the units are somewhat smaller than for the RCA-829 
electrode assembly (Fig. 5). The total maximum plate 
dissipation is 20 watts instead of 40 watts but like its 
prototype it has a heater arrangement permitting 
either 12.6- or 6.3-volt operation. The two units may 
be operated either in parallel or push-pull as a modula-
tor, oscillator, or radio-frequency amplifier. This tube 
is well suited for use as a frequency multiplier or driver 
for another RCA-815, or for the RCA-829. 

Fig. 5—A push-pull beam transmitting tube having oxide-coated 
cathodes and a total plate dissipation of 20 watts. It may be 
operated at full rating to frequencies as high as 150 megacycles. 

The button stem shown in Fig. 6 is used to provide 
short lead length. The RCA-815 is made with a metal-
shell micanol-wafer base which permits the use of con-
ventional low-loss octal sockets since the maximum 
frequency is but 150 megacycles. Plate connections are 
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made through conventional top caps. In order to mini-
mize the inductance of the electrodes, use of a struc-
ture quite similar to that of the RCA-829 was obvious. 
The RCA-815 has substantially one half of the power-
handling capabilities of the RCA-829. 
In properly designed circuits a carrier power output 

of 30 watts may be obtained at a frequency of 150 
megacycles. Forced-air cooling is not required. 

RCA -826 

In some fixed-frequency ultra-high-frequency trans-
mitters the simplicity of triodes and their associated 
circuits offer an advantage over screen-grid types. The 
RCA-826 (Fig. 7) was developed to serve this field. It 
may be operated at maximum ratings at frequencies as 
high as 250 megacycles. (See Table I.) 
This tube has a double-helix thoriated-tungsten fil-

ament, a zirconium-coated molybdenum anode, and a 
molybdenum grid. The anode has 8 fins to increase its 
total effective radiating area and is assembled by weld-

Fig. 6—Glass-button stem as used on the RCA-815. 

ing 8 preformed molybdenum channels together. Sides 
of two adjacent channels form one fin, thus giving good 

L  heat conductivity from the barrel of the anode to the 
fin. The molybdenum is coated with zirconium for the 
twofold purpose of increasing the thermal emissivity 
over that of the conventional sandblasted molyb-
denum and to obtain the getter action of zirconium. 
Although this tube also has a conventional getter, 
developmental tubes without any getter other than the 
zirconium have been made, which were satisfactory on 
life test. This anode will safely withstand a momen-
tary dissipation equal to several times rated plate in-
put, without injuring the zirconium surface or impair-
ing the quality of the tube. No insulation is used 
between the electrodes other than that of the molded-
glass stem. Shields are placed on each of the structures 
to reduce stray electrons. These shields are mounted 

on the filament center support so that they will be at 
filament potential and will not collect any current dur-
ing operation of the tube. A dual set of leads is brought 

Fig. 7—A transmitting triode having a thoriated-tungsten filament 
and a total plate dissipation of 60 watts. This tube may be 
operated at full rating to frequencies as high as 250 megacycles. 

out from the grid and plate, these leads ordinarily 
being arranged in parallel to reduce lead inductance 
and improve the ease of high-frequency operation. If 
desired, one set of leads may be used for neutralizing 

Fig. 8—A push-pull oscillator using RCA-826's. 

and the other for handling power. This arrangement 
tends to minimize the trouble sometimes experienced 
in neutralizing where a considerable portion of the 
neutralizing circuit is common to the power-handling 
or controlling circuit. These dual leads are symmetrical 



about a diametrical plane through the filament center 
tap. This arrangement fulfills the frequent request for 
a right- and left-handed tube for push-pull operation 
in order to obtain short symmetrical leads. The fila-
ment leads are interspaced between the grid and anode 
leads since this arrangement helps to reduce the mutual 
inductance of these two latter leads. 
The molded-glass flare used in this stem helps to 

provide short direct electrode leads. Due to the com-
pact structure of the tube and the relatively high dis-
sipation density of the bulb, it is necessary to provide 
forced-air cooling, when the tube is operated at maxi-
mum input rating. 
Fig. 8 shows a push-pull oscillator which operates at 

frequencies from 140 to 200 megacycles and gives a 
useful power output as measured in a lamp load of 90 
to 125 watts. This is essentially a conventional tuned-
plate tuned-grid oscillator using quarter-wave trans-
mission lines with no tuning of the filament circuit. 
The sockets used in this instance are two UT-106's 
with the filament center tap connected directly to a 
ground plate and with each side of the filament by-
passed by means of small condensers built directly on 
the ground plate. The circuit is shown merely to illus-
trate its simplicity; however, special circuits have been 
developed which give full output to frequencies as high 
as 250 megacycles. 

APPLICATION 

In the application of these and other ultra-high-fre-
quency tubes, it may be advisable to enumerate several 
precautions which are necessary to obtain satisfactory 
operation. These are: 
1. Most push-pull amplifiers or oscillators are apt to 

have parallel oscillations unless special precautions 
are taken to provide balanced circuits with balanced 
excitation and loading. 

2. Circuits used at ultra-high-frequencies should be 
silver-plated in order to minimize circuit losses. 
3. Radiation should be minimized. This can be ac-

complished by a proper choice of shielding and the use 
of symmetrical circuits. Instances have been noted 
where full power output was not obtained because of 
resonance of the transmitter structure. 
4. Adequate by-passing should be provided. The 

RCA UT-107, or its equivalent socket, should be used 
with the RCA-829. The UT-106 with postage-stamp 
mica condensers for by-passing should not be used 
with the 829 at ultra-high-frequencies. 
5. Sockets should have large nonoxidizing contacts 

since a corroded or oxidized contact not only causes a 
reduction of output at ultra-high frequency but may 
cause severe circuit unbalance. 
6. Since only one screen terminal is provided it is 

recommended that the individual units of either the 
RCA-815 or RCA-829 not be used as separate ampli-
fiers, since it is quite difficult to determine the actual 
division of the screen input for other than push-pull or 
parallel arrangements of the units. 
7. A vacuum-type incandescent lamp should be 

used in preference to the gaseous type for power-output 
measurements in order to avoid losses due to the 
ionization and arcing of the gas at high frequency. It 
may also be necessary to try a variety of sizes and 
structures of lamps before a satisfactory load is ob-
tained. 
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Radiating System for 75-Megacycle Cone-
of-Silence Marker 

EDMUND A. LAPORTt, MEIEBER, I.R.E., AND JAMES B. KNOX,t ASSOCIATE, I.R.E. 

Summary—A brief description is given of a new 75-megacycle cone-
of-silence marker radiating system developed for use on the Canadian 
airways. This system provides a sharper marker beam and reduces 
orientation error over previous marker radiating systems. 

ACCUMULATED civil-aviation experience with 
early types of cone-of-silence markers' has re-
vealed certain deficiencies which pilots felt were 

compromising their usefulness somewhat. It was desir-

• Decimal classification: R526.1. Original manuscript received 
by the Institute, June 11, 1941. 
t RCA-Victor Company, Ltd., Montreal, Quebec, Canada. 
t Department of Transport, Ottawa, Ontario, Canada. 
1 Department of Commerce. Bureau of Air Commerce, Safety 

and Planning Division Report No. 16. 

able to reduce these deficiencies by further development 
of the radiating system. A sharper vertical beam and less 
orientation effect with the typical horizontal linear 
marker-receiver antenna were the objectives sought. 
A radiating system having the theoretical radiation 

characteristics shown in Fig. 1 appeared to offer the 
desired improvements. The mechanical form appeared 
to have acceptable cost and practicability characteris-
tics. The authors undertook a collaborative develop-
ment of the system in behalf of their respective or-
ganizations at the St. Hubert radio range station 
near Montreal in June, 1940. The development effort 
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centered principally around the feeder problem. Fol-
lowing extended aerial field-intensity measurements 
for proof of performance, the St. Hubert marker was 
placed in service in September, 1940. Other similar in-
stallations are in service or under construction on the 
civil airways across Canada. 
The finished form of this radiating system is pic-

tured stereoscopically2 in Fig. 2. It consists of four 2-
layer turnstile radiators located at the corners of a 190-
degree square above a 30-foot square reflecting screen. 
This screen is similar to that used with earlier-type 
markers. The lower dipole of each turnstile is 90 de-
grees above the screen, and the .upper dipole 180 de-
grees above the lower. The turnstile form of radiator 
permits full metallic construction and in this case was 
built of solder-type copper pipe and standard fittings. 
All dipole currents are substantially equal. The cur-
rent in the upper radiators is antiphased with respect 
to that in the lower to produce upwardly dominant ra-
diation. This is accomplished by shunt-exciting the 
dipoles with vertical balanced feeders which are not 
transposed. All the dipoles of one orientation at the 
same level are cophased, but the phasing of the two 
orientations is in quadrature to produce a rotating 
field. 
The radiators were composed of i-inch outside-diame-

ter copper pipe with end plugs which had the same di-
ameter. The measured resonant 
length of such radiators is 92 per 
per cent of theoretical. The cen-
tral turnstile supports are 2-inch 
pipe, and the vertical feeders at-
tached to the radiators are 3/8-
inch outside diameter. To brace 
the turnstiles mutually and me-
chanically, a cross bracing of 
treated hardwood poles equipped 
with copper-tube ends entering 

2 An unmounted pair of stereoscopic 
lenses provides the easiest method of 
viewing, it being necessary to adjust only 
the distance to the paper and the optical 
alignment to render the image in full 
natural perspective. 
Without a stereoscope the following 

method may be used by most people with 
normal eyes and muscular accommoda-
tion: Use a piece of cardboard about 3 by 
7 inches normal to the paper placed be-
tween the two images so that each eye 
sees only its own half of the stereogram. 
Adjust the eyes until the two images 
merge into one. Then as the eyes become 
accustomed to this accommodation grad-
ually focus the eyes, increasing the eye 
distance from the paper if necessary, until 
the image is distinct, meanwhile holding 
the eye line parallel to the center line of 
the photographs. When in focus, with the 
accommodation adjusted to see the two 
images in parallel vision, three-dimen-
sional effects will result. 
It is necessary to have both images 

well illuminated and free of shadow when 
viewing. With brief practice the full ad-
vantage of stereo detail can be obtained. 
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Fig. 1—Vertical I—Vertical radiation patterns for Department of 
Transport cone-of-silence marker antenna. 

Fig. 2—Stereoscopic views of cone-of-silence marker antenna and counterpoise erected and 
tested at St. Hubert radio range station near Montreal. 
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the regular soldered copper-pipe construction are used. 
The four turnstile supports are individually fastened to 
the framework for the screen. The resulting assembly 
is rigid and stable. 
The turnstile feeders are brought through the screen 

and connected into the open feeder system which is 
underneath. A diagram of the feeder circuits is shown 
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Fig. 3—Developed circuits for experimental cone-of-silence 
marker antenna system for St. Hubert range station. 

in Fig. 3. Symmetry is depended upon to maintain uni-
formity of radiator currents in one orientation, and no 
attempt is made to match impedances except near the 
junction with the main balanced shielded transmission 
line from the transmitter. 
During this development it was desirable to find a 

practical means for determining the correct perform-
ance of the marker without resorting in each case to ex-
pensive and slow field surveys in the air, and to provide 
means for adjusting the system quickly and accurately 
to obtain the requisite performance. This effort re-
sulted in a method by which, after construction of the ra-
diating and feeder system to strict dimensions, the 
correct phasing and power balance between the ra-
diators of the two orientations was separately con-
trollable by adjustment of the length only of two stub 
lines. In this regard, results exceeded expectations, for 
it made possible the checking or adjusting of an instal-
lation by the regular operating personnel. 
The radiators of each orientation are brought back 

to common feeders where an approximate impedance 
match is effected by a stub line. From one stub to the 
main feeder, a length of 90 degrees is inserted, and 
from the other 180 degrees is used. The power in the 

two sets of radiators can be accurately equalized by ad-
justing the length of the stub in the 180-degree side. 
The phase difference between the two sets is adjustable 
by changing the length of the stub in the 90-degree 
side. The two adjustments thus give substantially in-
dependent control of these two effects which control 
the radiation pattern, and its rotation. To test this, a 
horizontal dipole with a central radio-frequency milli-
ammeter is held aloft on a long pole above the center of 
the radiating system and its indicated current plotted 
as the dipole is rotated horizontally. An elongation of 
the plot in the direction of orientation of one of the 
sets of radiators indicates unequal power in the two 
halves of the system, and a correction in the stub 
length in the 180-degree feeder line is made. If the 
elongation of the plot occurs on a diagonal, the phase 
difference is off and a correction is made in the length 
of the stub in the 90-degree feeder. The final correct 
result is very nearly a circular plot. 
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Fig. 4—Measured signal potentials induced in 
plane's marker antenna. 

The actual pattern of the radiating system is shown 
in Fig. 4. This was deduced from flight measurements 
of signal potentials induced in the ship's receiving an-
tenna taken on eight courses across the marker at alti-
tudes from 1000 to 10,000 feet. As such they include 
the effect of directivity response of the plane's receiv-
ing antenna. The power finally used was approximately 



3 watts and these measurements are on this value. 
Measurements made in direct comparison on previous 
types of marker antennas for orientation effects of the 
receiving antenna showed the present system to have 
reduced this to virtual nonexistence. 
The development of this radiating system included 

various attempts to measure currents and potentials at 
various points in the radiating and feeder sections with 
the usual indifferent results. The ultimate test is the 
measurement of the radiation pattern. If this is correct, 
it is reasonable to tolerate some imperfections of termi-
nations or line balance provided the conditions are 
stable. End effect between adjagent turnstile radiators 
undotibtedly causes a slight unbalance in the radiator 
impedance. 
An initial source of electrical instability was found 

to be moisture on the end-seal insulators for the en-
closed lines. It was necessary to protect these in a 
weatherproof housing. The only other source of elec-

trical instability disclosed during its subsequent opera-
tion was ice accumulation on the radiators, but it is 
doubtful if any system would be immune from this. In 
the original design provisions were made for the use of 
asbestos-covered resistance wires to be run inside the 
copper pipes of the radiators and supports for sleet-
melting, but so far this has not been undertaken. Hous-
ing the entire radiating system in a simple wood en-
closure has been considered. 
The operating characteristics of this radiating sys-

tem, as determined from several months of use, appear 
to be suitable for marking by indicator lamp or aural 
means at high altitudes as well as providing an accu-
rate fix at low altitudes for instrument approaches. 
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A Quartz Plate with Coupled Liquid Column as a 
Variable Resonator* 

FRANCIS E. FOXt, NONMEMBER, I.R.E., AND GEORGE D. ROCKt, NONMEMBER, I.R.E. 

Summary—The equivalent electrical constants of a combination 
resonator consisting of a piezoelectric X-cut quartz plate and a closely 
coupled liquid column have been experimentally investigated. The 
equivalent electrical constants of such a resonator were greatly changed 
and the resonant or oscillating frequency was shifted over a wide range 
(2.2 to 3.0 megacycles) by adjusting the length of the liquid column. In 
particular, the sharpness of resonance was found to vary from 400 for 
the plate, cemented to a holder but without the liquid column, to 4000 
for the combination resonator. 

IT IS a well-known fact that a quartz plate, such as used in the stabilization of electrical oscillating 
circuits or in crystal filters, may have its oscillating 

or resonating frequency shifted slightly when used in 
a holder with an air gap between the plate and one 
of the electrodes. The frequency variation obtainable 
by adjusting the air gap is, however, very small. In a 
former paper upon ultrasonic interferometry in liquid 
media,' one of the present authors discussed briefly in 
a footnote the effect of a liquid column coupled to a 
quartz plate in changing the resonating frequency of 
the combined resonating system composed of the plate 
plus the liquid column. A liquid column coupled to the 
quartz might, therefore, be utilized to produce a rela-
tively large shift in the resonating frequency of the 
system. Since this is an obviously desirable feature in 
some types of electrical equipment, the present paper 

• Decimal classification: 537.65. Original manuscript received by 
the Institute, April 25, 1941; revised manuscript received, October 
7, 1941. 
f Catholic University of America, Washington, D. C. 
'F. E. Fox, 'Ultrasonic interferometry for liquid media," Phys. 

Rev., vol. 52, pp. 973-981; November, 1937. 

presents the results of investigations made to deter-
mine the modifications that can be produced in the 
equivalent electrical constants of a quartz resonator or 
oscillator by means of a closely coupled liquid column. 
In the theory of the acoustic interferometer as de-

veloped by Hubbard," and applied to the case of 
liquid media by one of the authors,' the vibrating 
quartz is assumed to act as a source of plane sound 
waves. These are reflected and react upon the quartz. 
It is possible to express this reaction in terms of "equiv-
alent" electrical resistance and reactance, which, to-
gether with the equivalent electrical constants of the 
quartz plate, determine the electrical characteristics 
of the combined "plate-plus-column" resonating cir-
cuit. This will not be treated in detail in the present 
paper. Here it is proposed to adopt the viewpoint that 
the effect of the liquid column is simply to change or 
modify the equivalent electrical constants of the vibrat-
ing system of "plate-plus-column" as a single unit. Al-
though it is realized that it is perhaps an oversimpli-
fication to assume that these constants represent a 
simple series circuit, it is felt that the coefficients are 
constant over a sufficiently wide frequency range to 
justify the method of measurement and that this offers 

J. C. Hubbard, "The acoustic resonator interferometer: I. The 
acoustic system and its equivalent network," Phys. Rev., vol. 38, pp. 
1011-1019; September, 1931. 

J. C. Hubbard, "The acoustic resonator interferometer: II. 
Ultrasonic velocity and absorption in gases," Phys. Rev., vol. 41, 
pp. 523-535; August, 1932. 
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a useful and direct method of investigating the ob-
served phenomena. Accordingly, we chose to follow 
Dye's method of determining the equivalent series 
resistance (R), inductance (L), and capacitance (C) of 
such a combination resonator. The circuit was the 
usual one with an inductance, thermogalvanometer, 
and a variable standard condenser in series, with the 
resonator connected across the variable condenser. 
LI, C1, and R1 are the electrical constants of this pickup 
circuit, in which R1 is the .total resistance of the cir-
cuit, including that of the thermogalvanometer. When 
C1 is adjusted so that the LiCI circuit has the same 
resonant frequency as that of the mechanical resonator 
the curve of the current (1) plotted against the fre-
quency, rises as the frequency approaches the resonant 
frequency of the LiCI circuit, dips sharply to form the. 
crevasse at the resonant frequency of the mechanical 
resonator, rises again and then falls off more slowly as 

the frequency increases beyond the neighborhood of 
resonance for the LiCi circuit. When the two resonant 
frequencies coincide, the crevasse divides the LiCi 
resonance curve symmetrically. One usually discusses 
instead the current (i or i2) the ratio a =i//, where I is 
the maximum current at resonance in the LiCi circuit 
without the mechanical resonator. One needs only to 
determine the minimum current ratio (i.e., a„,) which 
occurs at the bottom of the crevasse, the sharpness of 
resonance Q of the mechanical resonator (Q=4-' 
where 4)= 3/7r=RCco0, 3 being the usual logarithmic 
decrement and co0 =200 where fo is the resonance fre-
quency of the mechanical resonator), and the resonance 
frequency in order to complete the analysis of the 
resonator constants, assuming that the LI, C1, and R1 
are already known. 

We give the results of Dye's analysis of the sym-
metrical crevasse.4 The terms referring to the air gap 
are eliminated since none was used in the present work. 

R = a„,[(1 — 0„,)0,02C12Rd-2 

C = 4)(Rwo)-2 = (CRwo)-1 

L = (C042)-1 . 

(I) 

(2) 

(3) 

The determination of 41 or Q is the only one that 
presents difficulty. If great accuracy is desired the best 
method consists in plotting a or a2 against the fre-
quency in the region of the crevasse. The width (AD 
of the crevasse between two equal values of a2 is then 
taken from the crevasse curve for various measure-
ments of a2 not too near the minimum. Then 

= — cr„, 
Al  - a2 

141   
at -  Cf.2 

(4a) 

The plot of Af against N/(a2— a„,2) (1 — a2)-1 (ab-
scissa) should be a straight line of slope M which de-
termines 4). Thus 

4 P. Vigoreux, "Quartz Oscillators," His Majesty's Stationary 
Office, Longon, England, 1939. 

(1) = Ma40-1 .  (4b) 

One may read directly from the crevasse curve the fre-
quency difference (AD for a2 = (1 -Fa„,2)/2 without plot-
ting the straight line. This is M, since the radical re-
duces to 1 at this value of a2. When making many 
readings it is convenient to determine first the a„,2, and 
then measure experimentally the frequency change 
that occurs between the two values of a2 = (1 -1-a„,2)/2 
on opposite sides of the crevasse. This was the method 
used in all but a few measurements. 

APPARATUS 

An Xcut quartz plate having its thickness-vibration 
frequency close to 2.5 megacycles was cemented to a 
brass disk, over an opening slightly smaller than the 
plate. The upper face was sputtered with platinum, 
the film forming a continuous connection to the brass 
disk. A film was also sputtered on the plate face show-
ing through the opening, but a wax coating about a 
millimeter wide was placed around the edge of the 
quartz before sputtering. This was afterwards re-
moved, leaving an insulating space between the edges 

-0-

 -rr-
Fig. 1— Combination "quartz-plate and liquid-column" resonator. 

of the film on the quartz and the supporting plate. The 
damping of a quartz plate thus mounted is, of course, 
greater than for the same plate vibrating freely in air, 
but this seems to be of no great importance since we 
were primarily interested in modifications that can be 
produced by an associated liquid column, and the pres-
ence of the liquid would in any case increase the damp-

ing over that of an unmounted plate vibrating freely 
in air. The disk was used as the base of a container for 
a liquid in which a metal reflector, attached to a mi-
crometer screw, could be moved to adjust the length of 
the liquid column between the quartz and the re-
flector shown in Fig. 1. There is a decided advantage 
in using platinum films as electrodes sputtered directly 
on the quartz. The air gap is thus eliminated and the 
analysis yielding the equivalent electrical constants of 
the quartz plate correspondingly simplified. 
The oscillator to which the LiCi circuit is very 

loosely coupled has been described previously.6 A mas-
ter oscillator with electrical band spreading for fine 
frequency control feeds through a buffer amplifier into 

'F. E. Fox and G. D. Rock, "Ultrasonic absorption in water," 
Jour. Acous. Soc. Amer., vol. 12, pp. 505-510; April, 1941. 
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a series of frequency-doubler tubes and then into a 
power amplifier. A vacuum-tube voltmeter in con-
junction with the final stage allows one to monitor the 
constancy of the output, and insure the constancy of 
the voltage induced in the inductance of the pickup 
circuit. The master oscillator is continuously variable 
from 1 to 2 megacycles. In practice only the band-
spread condenser dial was used to vary the frequency 
in any determination of cp. A secondary frequency 
standard consisting of a quartz oscillator at 1 mega-
cycle is adjusted so that its fifth harmonic is at zero 
beat with the 5-megacycle carrier of the Bureau of 
Standards Station W WV. This, is used to control by a 
selection switch any or several of a series of multivi-
brators at 100, 25, and 10 kilocycles. We could choose 
a frequency at, for example, 2.5 megacycles and adjust 
the main dial of the oscillator until zero-beat condi-
tions prevailed with the vernier dial set at half value 
(both dials were of the National type having 500 large 
divisions for 180-degree rotation of condenser plates) 
and then calibrate the vernier dial by using the 10-
kilocycle spotting points. This was done for main dial 
settings giving 2.0, 2.1, . . . 3.0 megacycles. A switch 
was provided in one lead to the mechanical resonator, 
so that this could be disconnected when determining 
the constants of the LiCi circuit. Once the apparatus 
had been assembled, nothing was changed or manipu-
lated but the switch and the reflector position of the 
acoustic interferometer, in order to insure the con-
stancy of distributed capacitance in the wiring, etc. 
It was found useful, when the frequency variation to 
be measured was small, to employ a frequency bridge 
to measure the beat frequency between a signal from 
the secondary standard and the oscillator. A radio re-
ceiver in the room was kept tuned to the constant-
frequency signal and the Wien frequency bridge in-
serted in the phone leads. 

EXPERIMENTAL 

(1) The first measurements were made to determine 
the constants of the pickup circuit. L1 was determined 
from observations of the resonant frequencies obtained 

L  with different values of CI as read on the precision air 
condenser. This gives also the distributed capacitance 
Co of the coil and associated apparatus. The sharpness 
of resonance was measured in the usual manner in 
which the frequency is varied to cause a' to fall to one 
half. This yields the total resistance in the LiCI cir-
cuit. 
(2) The effect of switching the quartz plate and in-

terferometer into the circuit was next noted. The ca-
pacitance of the electrodes of the quartz plate and the 
distributed capacitance caused by the interferometer 
and its leads, together with any effective series resist-
ance due to leakage across insulating gaps, are purely 
electrical constants that may be determined at fre-
quencies removed from those at which there is any 
resonant vibration of the quartz. The constants were 

determined by noting the capacitance change of the 
precision condenser needed to restore resonance in the 
LiCI circuit, and the change (very small) in the cur-
rent at resonance. Thus the total or effective induct-
ance, capacitance, and resistance for any given experi-
mental conditions are determined if the setting of the 
precision condenser is known. 
(3) The equivalent inductance, capacitance, and re-

sistance of the mounted plate without liquid loading 
was measured next. Knowing that the resonant fre-
quency of the quartz was near 2.5 megacycles, we ad-
justed the main dial so that the oscillator was at zero-
beat with the 2.5-megacycle frequency from the sec-
ondary standard, the vernier dial being at 250. The 
LiCI circuit was tuned to resonance at 2.5 megacycles. 
The switch to the resonator was next closed, after 
which the frequency was adjusted with the vernier dial 
until the current was a minimum at the bottom of the 
crevasse. The interferometer was then disconnected and 
the precision condenser tuned to place the LiCI circuit 
at resonance. From this and the data of (2) the preci-
sion condenser could be reset, after switching the 
resonator back into the circuit, so .that the resonant 
frequency of the LiCi circuit occurs at the bottom of 
the crevasse; that is, the resonant frequency of the 
quartz and the LICI circuit coincide. The current ob-
served for various settings of the vernier dial enable 
one to plot a2 versus frequency over the crevasse. The 
curve is given in Fig. 2. From this, the frequency width 
(if) of the crevasse for any value of a2 is measured and 
ck determined as indicated above. This, in conjunction 
with a„,2 and the LICI and R1 values enable one to cal-
culate L, C, and R for the quartz plate as mounted. 
(4) We were now ready to investigate the modifica-

tions of L, C, and R that a liquid column could effect. 
Water was placed in the interferometer and the re-
flector advanced to make firm contact with the quartz. 
The oscillator was set at 2.5 megacycles as in (3) and 
the LICI circuit adjusted to resonance at this frequency. 
This is done by first disconnecting the resonator and 
adjusting to resonance, after which the resonator is 
again connected and the precision-condenser capaci-
tance diminished as determined in (2). The reflector is 
then withdrawn until the liquid column plus the 
quartz plate is again in resonance, as indicated by a 
sharp dip in the current to a minimum value cr„,2. This 
first dip occurs when the liquid column is approxi-
mately X/4, where X is the wavelength in water of the 
sound generated by the vibrating quartz. Successive 
dips occur at intervals of X/2. With the reflector in this 
"first dip" position, the crystal plus the column is a new 
combination resonator with its resonating frequency 
at 2.5 megacycles. As the frequency is varied with the 
vernier dial, the characteristic crevasse is obtained for 
a2 plotted against f. This is analyzed as in (4) to obtain 
a„,2 and 4,, and through these the L, R, and C for the 
combination resonator. 
(5) The next step was to shift the frequency of the 
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combination resonator by tuning the liquid column, as 
suggested before. The oscillator and LICI circuit were 
set at 2.4 megacycles. It was possible to secure a pro-
nounced current dip by adjusting the reflector, al-
though the minimum was much greater than at 2.5 

-10  -5  2500  • 5  • 10kc frequency 

Fig. 2—Crevasse curves for quartz plate, and for combination 
resonator with various column lengths. A, mounted plate; if, C, 
and D are for the 1st, 10th, and 20th dips, respectively. 

megacycles. Having set the reflector for minimum 
current (O„,2) the frequency was again varied and the 
crevasse plotted. Again at,,, and c/1 were obtained and 
the R, L, and C determined for the new combination 
resonator. This was repeated at 2.6 and attempted at 
2.3 and 2.7 megacycles but difficulty was found in de-
termining 4) at these latter frequencies. 
(6) A series of determinations of a„, and 4) were made 

at 2.5 megacycles with the reflector set in the 10, 20, 
. . . 200th dip. It was seen that the sharpness of reso-

0  50  100  150  200 
Fig. 3—Sharpness of resonance (Q) as a function of the length of 

the liquid column. 

nance (Q) is greatly increased by increasing the length 
of the resonating liquid column, reaching 4000 at the 
150th dip as compared with 418 for the mounted 
quartz plate without the liquid column. Fig. 2 gives 
the crevasse curves for the mounted plate, and for the 
"plate-plus-column" resonator with the reflector set 
at the 1st, 10th, and 20th dip. The values of Q are 
plotted against the dip number in Fig. 3. The decrease 
in Q for the 200th dip is probably due to the absorption 
of sound waves in the liquid. In Fig. 4 the values of 

R, L, and C are plotted as a function of the dip num-
ber. 
(7) Although attempts to secure the characteristic 

crevasse at 2.3 and 2.7 megacycles had been unsuccess-
ful at the first dip, it was found possible to extend the 
measurements, when the 100th dip was used, from 2.2 

et 

• 0 

.0  0 
- Q 5p /op /40  

D/P  NUMBER 

Fig. 4—Variation of inductance (L), capacitance (C), and resistance 
(R) as a function of the length of the liquid column. 

to 3.0 megacycles. Although the variation of Q in these 
measurements as shown by the circles on Fig. 5 is not 
a simple function of the frequency shift, the equivalent 
series resistance, capacitance, and inductance of the 
combination resonator change in quite a regular man-
ner as the combination is adjusted to resonate at 

L = Y henrys 

Frequency  /n megacycles 

Fig. 5—Variation of inductance (L), capacitance (C), resistance 
(R), and sharpness of resonance (Q) as a function of frequency. 
Reflector set for the 100th dip. 

frequencies removed from the resonant frequency (f0) 
for the unloaded resonator. This variation is given in 
Fig. 5. No attempt was made to measure the sharpness 

Sharpness of 
Resonance 



1942  Fox and Rock: Quartz Plate itfrith Coupled Liquid Column  33 

of resonance at frequencies beyond this range since the 
dip or crevasse was becoming quite small. The dip, 
however, was still detectable at 2 and 4 megacycles. 
It should be pointed out here that there is an as-

sumption involved in the methods of measuring 4); 
namely, that one may treat the combination as a 
resonating unit determined by a single set of equiv-
alent electrical constants. That this assumption is 
not strictly true is indicated by an analysis of the 
shape of the crevasse curve. A plot of if against 
N/(e-a„,2)(1-02)-1 should, if the assumption is en-
tirely valid, be a straight line passing through the 
origin. Actually the points plottcd in this fashion corre-
sponding to current values near the bottom of a cre-
vasse do not always fall on the straight line determined 
by the origin and current values farther removed from 
the minimum (i.e., 02> (1 -1-o-.2)/3). It seems well to 
point out that the method of determining 4) by measur-
ing the crevasse width at a2= (11-0.2)/2 corresponds to 
a definition of sharpness of resonance Q of the system 
under investigation, and is one that coincides most 
closely with the method of measuring the Q of a simple 

electrical circuit. 
Tables I and II contain the data, observed and 

calculated, from which curves of Figs. 3, 4, and 5 are 
TABLE I 

NOTE: R X10$ = ohms; L = henrys; C X10-16  farads 

Frequency 
Megacycles 

Dip 
H er 

 (40 .X108 0 R C L 

2.5045 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 
2.5000 

1 
1 
10 
20 
50 
50 
70 
100 
150 
150 
200 

0.09 
0.11 
0.10 
0.11 
0.12 
0.10 
0.10 
0.12 
0.12 
0.15 
0.15 
0.19 

2.39 
2.40 
2.30 
1.49 
1.14 
0.53* 
0.54 
0.47 
0.33 
0.26 
0.27 
0.27 

418 
417 
435 
670 
876 
1880 
1860 
2125 
3200 
3910 
3730 
3680 

7.55 
9.19 
8.55 
9.19 
9.79 
8.55 
8.55 
9.79 
9.79 
11.70 
11.70 
14.30 

20.1 
16.6 
17.2 
10.3 
7.4 
4.0 
4.0 
3.06 
2.16 
1.39 
1.46 
1.21 

0.20 
0.24 
0.24 
0.39 
0.55 
1.02, 
1.01 
1.32 
1.88 
2.92 
2.78 
3.35 

* Measured at values of er, other than (11-.. n/2. 

drawn, together with that of other measurements made 
during this investigation. Values of  are given as de-
termined by Ai  = (1-1-cr„,2)/2; where other values 
were used, either as a check or because of the difficulty 
of measuring crevasse widths when 0„,2 was itself close 
to 1, this is indicated by an asterisk. 

RESULTS 

It is seen that the resonance (or oscillation) fre-
quency of a combination consisting of a quartz plate 
and a coupled liquid column may be varied over a 

wide range by properly tuning the liquid column, and 
that the sharpness of resonance of such a resonator 
may be increased many times over that of an unloaded 
quartz plate mounted on a support. The associated 
liquid column can be utilized to produce a wide varia-
tion in the equivalent electrical constants of such a 

TABLE II 

NOTE: R X101 =ohms; L =henrys; C X10-0  m.farads 

Frequency 
Megacycles 

Dip 
Number ani .X103 0 R C L 

2.4 1 0.225 3.89 257 15.4 16.75 0.26 

2.5 1 0.11 2.40 417 9.19 16.6 0.24 

2.5 1 0.10 2.30 435 8.55 17.2 0.24 

2.6 1 0.27 8.16* 122 21.7 23.2 0.16 

2.4 10 0.31 2.46 406 21.4 7.63 0.58 

2.5 10 0.11 1.49 670 9.19 10.3 0.40 

2.6 10 0.28 2.55 392 22.6 6.9 0.54 

2.2 100 0.86 0.62 1600 169.0 0.27 19.5 

2.4 100 0.36 0.3B 2630 25.5 0.99 4.45 

2.5 100 0.12 0.33 3200 9.79 2.2 1.88 

2.6 100 0.36 0.50 2020 30.1 1.0 3.74 

2.7 100 0.58 0.46 2160 69.2 0.40 8.8 

2.8 100 0.70 0.42 2370 119.0 0.2 16.0 

3.0 100 0.80 0.61*. 1640 228.0 0.14 19.8 

3.0 100 0.80 0.605 1650 228.0 0.14 20.0 

* Measured at values of a, other than (  /2. 

resonator, for example, an inductance from 0.24 to 20 
henrys. This might be applied to such problems as 
stabilization of oscillating and resonating circuits of 
which one can adjust the characteristic frequencies 
over a wide range. The dependence of the sharpness of 
resonance upon the length of the resonating column 
suggests its use in filters capable of regulating a vari-
able-width frequency band, and so on. There is no 
doubt that by the use of a liquid such as mercury in-
stead of water the sharpness of resonance could be 
further increased, and that this would permit an even 
greater shift in the resonant frequency of the combina-
tion resonator. 

CONCLUSION 

A detailed explanation of the observed phenomena 
has not been attempted in the present article for it is 
felt that this discussion belongs primarily to the field 
of acoustics, more exactly to ultrasonic interferometry. 
The results, however, seem important from an electrical 
engineering viewpoint and this has determined the 
presentation given here. 
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Common-Channel Interference Between Two 
Frequency-Modulated Signals* 

HAROLD A. WHEELERt, FELLOW, I.R.E. 

Summary—Two frequency-modulated signals received in the same 
frequency band produce an output from the receiver which is simply a 
combination of both signals and a beat note whose frequency is modu-
lated in accordance with both signals. The difference of signal strength 
required for the reduction of crosstalk from the weaker signal is less in 
frequency modulation than in amplitude modulation, but is the same 
for different bandwidths of frequency modulation. The required dif-
ference can be further reduced by the use of a limiter in the receiver. 
The beatnote interference remains as background noise fluctuating 
with the modulation of both signals. This noise is reduced by wide-
band frequency modulation. Simple expressions for the detector output 
in several cases enable the identification of frequency effects which are 
unavoidably detected as distinguished from amplitude effects which can 
be removed by a limiter. Common-channel interference is readily tested 
by oscilloscope patterns. These show the normal operation with or with-
out a limiter, and also the effects of departure from the normal, such as 
detuning. 

I. INTRODUCTION 

COMMON-CHANNEL interference is caused by 
the reception of an undesired signal in the same 
frequency channel as the desired signal. Such 

interference is inherently independent of frequedcy 

desired 
Signal 

<e' 

• <\ 

< 

\<1.'  <5> 

Ea' 

undesired  
Signal  E   E: 

The amount of common-channel crosstalk inter-
ference depends on whether the frequency detector 
has a linear or a square-law rectifier, unless a perfect 
limiter is assumed. It is least with a perfect limiter and 
greatest with square-law rectifiers. It is unaffected by 
the characteristics of the frequency-modulation sys-
tem, such as the bandwidth of modulation. 
The beatnote interference has the unusual char-

acteristic of simultaneous amplitude and frequency 
modulation. Its peak amplitude is dependent on the 
receiver properties but more significantly is affected 
by some properties of the frequency-modulation sys-
tem. It is reduced by increasing the bandwidth of 
frequency modulation. It is further reduced by pre-
emphasis and restoration of the higher frequencies of 
the modulating signal, which incidentally requires a 
restoring filter after the detector in the receiver. 

E,-
F,  R„ 

f requency detector 

F_ 

E„. 

E 4 

< 
•1/41' 

<P> 
44 

5   E, 

Fig. 1—Frequency-modulation system with interference between 
two signals in the same frequency band. 

selectivity in the receiver. In amplitude-modulation 
systems it is independent also of other properties of 
the receiver, such as the difference between linear and 
square-law detectors. In frequency-modulation sys-
tems, however, such interference is determined by the 
properties of the receiver and the bandwidth of fre-
quency modulation. 
The receiver has a frequency detector which is bal-

anced against amplitude modulation at the unmodu-
lated-carrier frequency of the desired signal. There 
may or may not be a carrier-amplitude limiter preced-
ing this detector. In response to only one signal, the 
output of the frequency detector is proportional to the 
frequency modulation. This is a property of any one of 
several types of idealized frequency detectors with 
linear or square-law slope filters and rectifiers. 

Decimal classification: R170 X R134. Original manuscript re-
ceived by the Institute, May 15, 1941. Presented, Rochester Fall 
Meeting, November 12, 1940. 
t Hazeltine Service Corporation, Little Neck, Long Island, 

N. Y. 
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The relation between the amplitude and the fre-
quency of the beatnote interference is shown directly 
by "conical patterns" on the oscilloscope. These are 
produced by tracing the two-signal output vertically 
against the difference between the respective modu-
lating signals as the horizontal sweep. This choice of 
sweep voltage causes the horizontal displacement to 
be proportional to the beat frequency, so these pat-
terns show directly the effect of any frequency-selec-
tive filters follcrwing the detector. 

All of the relations to be described are based on 
simple and direct theoretical derivations with the aid 
of the zero-frequency-carrier concept. There is no as-
sumption as to the waveform of the modulating sig-
nals. 

The parts of the frequency-modulation system which 
are essential in the study of common-channel inter-
ference are shown in Fig. 1. The audio-frequency 
modulating voltages are respectively E1' and E' for 
the desired and undesired signals. The corresponding 
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frequency-modulated-carrier signals are E21 and E2w. 

The composite signal which reaches the receiver is E2. 

This may or may not be subjected to the action of a 
carrier-amplitude limiter before reaching the detector 
as E3. The balanced detector comprises a pair of slope 
filters of opposite slope and a pair of rectifiers. The 
differential output of the rectifiers is the composite 
detected signal E4, including both the desired signal 
and the interference from the undesired signal. 

II. IDEALIZED BALANCED FREQUENCY 

DETECTORS 

An ideal detector for frequency modulation is one 
which not only reproduces the waveform of frequency 
modulation but also is unresponsive to amplitude 
modulation. The latter requirement is partially ful-
filled in the balanced frequency detector. This com-
prises two frequency detectors with a differential out-
put circuit. They convert the frequency modulation 
into amplitude modulation of opposite polarities. In 
their differential output appears the signal correspond-
ing to the frequency modulation, but any signal cor-
responding to original amplitude modulation tends to 
cancel out. Complete avoidance of response to ampli-
tude modulation would require a perfect limiter pre-
ceding the detector. 
The elements of the balanced frequency detector 

are shown in Fig. 1. The slope filters of the two sides 
have equal response at the center frequency and have 
opposite slope. The rectifiers are alike but oppositely 
coupled to the output circuit. These relations assure 
the nearest approach to cancellation of any output 
representing incidental amplitude modulation. 
The properties of linear slope filters are shown in 

Fig. 2(a), relative to the unmodulated-carrier fre-
quency in the center. The filter factors are denoted 
F+ and F_. The intercepts at ±f, are located arbitrar-
ily for present purposes, but are preferably near the 
edges of the pass band in practical applications. This 
location makes the balance least critical and gives 
sufficient operating range with linear rectifiers. 
The use of the linear slope filters with linear recti-

fiers gives the characteristics of Fig. 2(b)J The linear-
rectifier properties give rectified voltages equal in 
magnitude to the envelopes of the voltages from the 
slope filters. The output of the balanced detector is the 
difference of the two rectified voltages. In this case, the 
differential output is proportional to the frequency 
modulation only between the intercept frequencies 
±fc, as shown in Fig. 2(c). 
Square-law rectifiers instead of linear rectifiers mod-

ify the frequency characteristics to those of Fig. 2(d). 
The square-law properties give rectified voltages equal 
to the square of the magnitudes of the envelopes of the 

1 E. H. Armstrong, "A method of reducing disturbances in radio 
signaling by a system of frequency modulation," PROC. I.R.E., vol. 
24, pp. 689-740; May, 1936. '(Balanced frequency detector with 
linear slope filters and linear rectifiers, his Figs. 5 and 6 compared 
with Fig. 2 herein.) 

voltages from the slope filters. The differential output, 
as shown in Fig. 2(e), is proportional to the frequency 
deviation over an unlimited range. The curvature of 
the square-law rectifiers cancels out. This type of bal-
anced frequency detector is ideal for theoretical 
studies, because square-law rectification is most easily 
formulated in mathematical terms. 

(a) Linear slope filters 

(3) Output of linear rectifiers 

Cc) Differential output of 

linear rectifiers 

(d) Output of square-law 

rectifiers 

(e) Differential output of 

square-law rectifiers 

Fig. 2—The essential properties of balanced 
frequency detectors. 

A third type of frequency detector comprises square-
law slope filters of the shape of Fig. 2(d) with linear 
rectifiers. This type also delivers an output like Fig. 
2(e) for slow modulation. If the modulation is too 
rapid, however, this type is found to have a limited 
range of operation even less in extent than that of lin-
ear slope filters with linear rectifiers, shown in Fig. 

2(c). 
The first type, with linear slope filters and linear rec-

tifiers, is the only one which tolerates a departure from 
balance without causing distortion of the signal. The 
other types rely on the balance to cancel the distor-
tion introduced by the square-law characteristics of 
the individual rectifiers or slope filters. 
Linear rectifiers have a practical advantage over 

square-law rectifiers in that the output signal ampli-
tude varies only half as much with input amplitude. 
Also the relative response to the amplitude modulation 
in the composite signal is found to be only half as 
great with linear rectifiers as with square-law recti-

fiers. 
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From these considerations, it appears that the first 
type with linear slope filters and linear rectifiers has 
some advantages over the other types. It is found to 
Operate free of distortion if the frequency modulation 
is held within the limits of the linear slope in Fig. 2(c), 
regardless of the waveform of modulation and the 
marginal sidebands outside of these limits. The most 
efficient rectifier is the diode peak detector, which 
best meets the requirement of linearity. 

to' ---r-

/ 7 

1111 

b b 

Fig 3—The vector sum of two frequency-modulated signals. 

Since the second type with linear slope filters and 
square-law rectifiers is the simplest for theoretical 
study, its behavior also is to be described. 
If a perfect limiter is assumed preceding the detec-

tor, the amplitude effects are removed and it becomes 
immaterial whether linear or square-law rectifiers are 
used. Of course, a perfect limiter is not possible in 
practice, but comparable performance can be obtained 
with practical limiters of careful design. 

III. THE AMPLITUDE AND FREQUENCY MODU-
LATION IN THE RESULTANT OF Two 

SIGNALS SUPERIMPOSED2 

In response to two signals, there is a difference in 
operation with and without a limiter. This difference 
is caused by the amplitude modulation which is pres-
ent in the composite signal. With a perfect limiter, 
only the frequency modulation contributes to the de-
tector output. 

In the study of the behavior without a limiter, the 
theoretical derivations do not require the separate 
expression of the amplitude and frequency modula-
tion. If the limiter is present, however, the frequency 
modulation does have to be expressed separately. 
The superposition of two signals of constant ampli-

tude is shown vectorially in Fig. 3. The unit vector 
E:' is the desired signal and the vector E:" of length 
k is the undesired signal. Their frequencies and there-
fore their phase angles b' and b' are modulated. The 
resultant of these two vectors is the composite signal 
E2 whose phase angle is b. The average frequency of 
the composite signal is that of its stronger signal be-

Hans Roder, 'Noise in frequency modulation," Electronics, vol. 
10, pp. 22-25, 60, 62, and 64; May, 1937. (The vector resultant of 
two signals, his Fig. 4 compared with Fig. 3 herein.) 

k•O,f,1 

cause the relative phase displacement caused by the 
weaker signal is alternately forward and backward. 
Fig. 4 shows the alternating modulations caused by 

the weaker signal. The fundamental frequency of these 
modulations is the beat frequency, which is the fre-
quency difference between the two signals. To the ex-
tent that the waveforms depart from sine waves, they 
include also harmonics of the beat frequency. 
The relative amount of amplitude modulation is 

denoted a and its waveform is shown as Fig. 4(a). It 
is plotted to the scale a/k to show the change of wave-
form within the same limits and with nearly the same 
fundamental component. It is noted that this is the 
shape of the envelope of a carrier accompanied by a 
single-sideband component. 

The alternating phase displacement caused by the 
weaker signal is shown in Fig. 4(b). It is plotted to the 
scale b/k, which maintains the same fundamental com-
ponent. As the amplitude of the weaker signal ap-
proaches that of the stronger signal (k =1) the phase 
modulation approaches a saw-tooth waveform. The 
phase reversal at the instant when the two signals are 
in opposition appears in the saw-tooth waveform as a 
phase step of r radians. This case is shown for a value 
of k approaching unity from the lesser side, so the 
phase step is negative as required to complete the saw-
tooth waveform. This is necessary to assure that the 
average frequency remains that of the stronger signal. 

The corresponding waveforms of frequency modu-
lation are shown in Fig. 4(c), plotted in terms of co/k 

a 

0 

Fig: 4—The beatnote waveforms of 
(a) amplitude modulation 
(b) phase modulation 
(c) frequency modulation. 

to maintain the same fundamental component. These 
are the time derivatives of the phase waveforms. As 
the signals approach equality, the harmonics approach 
the fundamental in amplitude and the waveform as-
sumes an impulse shape of very great peak value. 
It is these beatnote waveforms of frequency modu-

lation to which the receiver responds if a perfect limiter 
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is assumed. Since the average frequency of the com-
posite signal is that of the stronger signal, there is no 
response proportional to the frequency modulation of 
the weaker signal. Therefore there is no crosstalk from 
an undesired signal weaker than the desired signal. 
Reciprocally, a stronger undesired signal completely 
masks the desired signal. There is heard only the 
modulation of the stronger signal, together with the 
beatnote and its harmonics. 
If there is not a perfect limiter assumed, there is 

some response to the amplitude modulation in the 
composite signal, Fig. 4(a). The amplitude modulation 
has not only the beatnote fundamental and harmonic 
components, but also an increase of its average value 
caused by the presence of the undesired signal. This 
is in contrast to the average frequency, which remains 
unchanged. It is the change of the average amplitude 
to which is attributed the crosstalk interference from 
a weaker signal, which is to be described and which 
occurs only in the absence of a perfect limiter. The 
beatnote components of the amplitude modulation 
modify the amplitude and harmonic content of the 
beatnote output from the frequency detector, in a 
manner which also remains to be described. 

IV. THE RESPONSE TO Two SIGNALs3.4 

In the derivation of the detector output in response 
to one or two signals, the conditions in the system are 
assumed which normally give an output equal to the 
input modulating signal. Each modulating signal El 
varies within the limits of ± 1. The resulting frequency 
modulation of the modulated-carrier signals E2  is 
within the limits of ±L, the same as the limits on the 
range of linear operation of the frequency detector 
with linear slope filters and linear rectifiers, Fig. 2(c). 
Therefore, the bandwidth of modulation is 2f.. The 
desired signal E2' has unit carrier amplitude, and the 
undesired signal has a carrier amplitude k, which is 
therefore the relative amplitude of the undesired sig-

nal. 
The simplest expression for the response to two sig-

nals is obtained in the case of square-law rectifiers, be-
cause it happens that the amplitude and frequency 

L  modulation combine to give a beatnote free of har-
monics. The output for this case is simply 

E4 =  desired signal 

▪ k2E2"  crosstalk 

• k(E2'  El') cos (b' —b')  beatnote. (1) 

This output comprises one term which is a replica of 

3 M. G. Crosby, "Frequency modulation propagation character-
istics," PROC. I.R.E., vol. 24, pp. 898-913; June, 1936. (Two signals, 
comprising the same signal received over two different paths.) 

M . G. Crosby, "Frequency modulation noise characteristics," 
PROC. I.R.E., vol. 25, pp. 472-514; April, 1937. (Two signals, com-
prising a desired signal and noise. The case of a perfect limiter. The 
separate identification of the desired-signal output and the beat-
note interference. The beatnote waveform, his Fig. 4 compared 
with Fig. 4 herein. The conical pattern, his Fig. 16 compared with 
Fig. 8 herein.) 

the desired-signal modulating voltage E1' and another 
which is a replica of the undesired-signal modulating 
voltage El'. The latter is identified as the crosstalk 
interference, which is recognizable as the undesired 
signal. The remaining term is the beatnote between 
the two signals. Its phase is the difference between the 
progressive phase angles b' of the desired signal and 

k -0 

CO 

Fig. 5—The output in the case of square-law rectifiers and the 
desired signal unmodulated showing the crosstalk and beatnote 
components. 

b" of the undesired signal. Therefore the frequency of 
the beatnote is modulated in accordance with the 
difference of the two modulating voltages (E1'—E11). 
The amplitude of the beatnote is modulated in ac-
cordance with the sum of the two modulating voltages. 
This combination of amplitude and frequency modu-
lation of the beatnote gives it a nondescript character 
which retains no recognizable qualities of the two sig-
nals except their syllabic pulsations. 
The interference is most noticeable while the de-

sired signal is unmodulated (E2' =0), leaving only the 
crosstalk and beatnote terms. Their amplitude would 
increase indefinitely with the strength of the unde-
sired signal (k), were it not that an automatic volume 
control is used. It is assumed that this control holds 
uniform the mean-square voltage of the composite 
signal. This has the effect of dividing all terms in (1) 
by the factor (1+ k2). 
On this basis, Fig. 5 shows the interference output in 

the case of square-law rectifiers, for several different 
values of the relative strength of the undesired signal. 
The undesired signal has sinusoidal frequency modu-
lation, the extent of frequency modulation in each 
direction being 33r/2 times the modulating frequency. 
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Therefore the maximum frequency of the beatnote is 
33r/2 times that of the modulation. This large ratio 
is taken to clarify the difference between the crosstalk 
of relatively low frequency and the superimposed beat-
note of varying frequency. The incommensurate ratio 
is taken to give an integral number (33) of beatnote 
cyCles during one cycle of modulation. An odd multi-
ple of r/2 is taken to give a symmetrical waveform of 
the beatnote during each half cycle of modulation. 

k .1a• 

2 

II 

' 11h1 
Fig. 6—The output in the case of a perfect limiter showing the 

unsymmetrical waveform of the beatnote component. 

Fig. 5 shows the relative importance of crosstalk 
and beatnote, depending on the relative signal 
strength. The beatnote term predominates if the 
undesired signal is much weaker, and reaches a maxi-
mum if the two signals are equal. The crosstalk term 
increases with the strength of the undesired signal 
until it exceeds the beatnote term; at the same time, 
the desired signal is blocked out by the automatic vol-
ume control, but this effect is not shown in Fig. 5. 
If wide-band frequency modulation is used, the beat 

frequency during part of the time is so high that it is 
inaudible and may be filtered out in the audio-fre-
quency amplifier.  In this case, the beatnote is 
diminished during the peaks of modulation, and its 
wide range of frequency modulation gives it a sizzling 
or spitting sound. 
The corresponding interference with linear rectifiers 

or a limiter differs in detail but retains the same gen-
eral characteristics. 
In the case of a perfect limiter, it is immaterial which 

type of rectifier is used in the frequency detector, and 
also whether the detector is balanced, because the 
amplitude modulation is removed from the composite 
signal. If the undesired signal is the weaker (k <1), the 
remaining frequency modulation yields the output 

E4  E1'  desired signal 

(Eii—Ei')fk cos (b"—b')  beatnote 

— ht cos 2(13"—Y) 

k3 cos 3(b"—b') — • • • j.  (2) 

There is no crosstalk from the weaker signal, because 
the average frequency is that of the stronger signal, as 
noted with reference to Figs. 3 and 4. The beatnote 
and its harmonics have the waveform of Fig. 4(c). 
The harmonics are unimportant if there is a substan-

tial difference of signal strength. This case differs 
from the preceding case in that the beatnote ampli-
tude and frequency are both modulated in step, be-
cause both are proportional to the difference of the 
two modulating voltages (E" — E'). 

Fig. 6 shows for comparison two of the examples of 
Fig. 5, but for the case of a perfect limiter. For the 
undesired signal weaker, only the beatnote appears 
with its harmonics. The general shape of the wave-
form is inverted relative to the corresponding example 
in Fig. 5. With the undesired signal stronger, the cross-
talk appears in full strength and the beatnote peaks 
are inverted. The transition between these two condi-
tions is a critical test for equality of the two signals, if 
a limiter is used which has nearly ideal properties. 
The case of linear rectifiers is the most difficult of 

analysis because its output terms involve elliptic inte-
grals, as does also its factor of automatic volume con-
trol which maintains uniform the average voltage of 
the composite signal. Also the two signals cause dis-
tortion of each other. However, the behavior which is 
most closely identified with the use of linear rectifiers 
is easily expressed if one signal is much weaker than 
the other. It is assumed that the undesired signal is 
the weaker (k <1). 

For one approximate expression with linear recti-
fiers, the only assumption is a diffe'rence of signal 
strength so great that the second and higher powers of 
k are negligible. 

=  El ' 

k EIW cos (b'—b') 

desired signal 

beatnote. (3) 

On these assumptions, the crosstalk from the weaker 
signal E," is lost, as well as the distortion and masking 
effects on the desired signal. The harmonics of the 
beatnote are also lost. There remains only the replica 
of the desired signal E1' and the fundamental com-
ponent of the beatnote interference. It is noted that 
the amplitude of the beatnote depends on the modu-
lating voltage El" of only the undesired signal, not of 
both signals as in the preceding cases. The beatnote 
disappears during interruptions in the modulation of 
the undesired signal. 

For another approximate expression with linear rec-
tifiers, only the third and higher powers of k are neg-
lected, but the desired signal is assumed to be 
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unmodulated (E1' =0) so only the interference re-

mains. 

E4 =  El" 

2 
crosstalk 

Ei"[ k cos (b" —b')  beatnote 

k2 
— —2 cos 2(b"—b')  • • •].  (4) 

Here it appears that all three terms have coefficients 
midway between the corresponding terms in (1) for 
square-law rectifiers and those in (2) for a limiter, on 
the same assumption that the desired signal is unmod-
ulated. The fundamental beatnote term, on these 
assumptions, is the same in all cases. The crosstalk 
term is twice as great with square-law rectifiers but 
absent with a limiter. The second harmonic of the 
beatnote is twice as great with a limiter but absent 

with square-law rectifiers. 
Since the composite signal comprising both of the 

frequency-modulated signals has both amplitude and 
frequency modulation, and since the three cases stud-
ied differ only in their response to amplitude modula-
tion, a comparison of these cases enables the effects of 
amplitude modulation to be identified separately from 
those of frequency modulation. The desired-signal 
output is the same in all cases if the undesired signal 
is much weaker, so the comparisons are based on the 
interference terms. 
The crosstalk comparison for the cases with a lim-

iter or with linear or square-law rectifiers is based on 
(1), (2), and (4), assuming the desired signal unmod-
ulated and the undesired signal slightly weaker so the 
third and higher powers of k are negligible. The cross-
talk terms in these cases are summarized as follows: 

(limiter)  0 El" 

k2 
(linear)  

2 

(square-law)  k2 El" 

(amplitude effect) 

weak to make negligible the second and higher powers 

of k. 

(limiter)  (E1"—E1') k cos (b" —b')  (2b) 

(linear)  El" k cos (b"—b')  (3h) 

(square-law)  (V-FEI') k cos (b"—b')  (lb) 

(amplitude effect) E1' k cos (b"—b').  (5b) 

The amplitude effect is the difference between the 
limiter and linear cases, or one half the difference be-
tween the limiter and square-law cases. Since the 
crosstalk is absent with a perfect limiter, it appears 
to be caused by the amplitude modulation in the com-
posite signal. It is twice as great with square-law as 
with linear rectifiers, because the square-law rectifiers 
are doubly sensitive to amplitude modulation. 
The comparison of the beatnote fundamental com-

ponent for the three cases is based on (1), (2), and (3), 
assuming only that the undesired signal is sufficiently 

Again, the effect of amplitude modulation is merely 
the difference between the limiter and linear cases, or 
half the difference between the limiter and square-
law cases. The significance of this effect remains to be 
described further on in this discussion. Its cause is not 
obvious and seems not to be susceptible of simple ex-

planation. 
The comparison of the beatnote second-harmonic 

component is based on (1), (2), and (4), again assum-
ing the desired signal unmodulated and neglecting the 
third and higher powers of k. 

(limiter) 

(linear) 

(square-law) 

(amplitude effect) 

— k2E1" cos 2(b" —b') 

k2 
— — El" cos 2(b"—b') 
2 

— 0E1' cos 2(b"—b') 

k2 
— El" cos 2(b"—b'). 
2 

Here the effect of amplitude modulation is derived in 
the same manner. It is interesting but this term is of 
secondary importance in practice. 
These three comparisons show that the limiter and 

square-law cases are the two extremes, while the linear 
case is intermediate. The limiter case has no crosstalk, 
while the square-law case has no beatnote harmonics. 
The linear case is least simple because it has all terms 
and because the exact expression of the coefficients 
involves transcendental factors such as elliptic inte-
grals. Each of the three comparisons is based on ap-
proximations chosen to show the intermediate value 
of the coefficient in the linear case. In general, this 
represents a tendency rather than an exact rule. For 
comparison with the frequency effects expressed alone 
in (2), the approximate amplitude effects are sum-

marized as follows: 

k2 
— crosstalk 

k El' cos (b"—b')  beatnote 

k2 
+ -
2 

These terms are present, in addition to the frequency 
terms (2), with linear rectifiers and no limiter. They 
are doubled by changing to square-law rectifiers and 
are removed by the insertion of a perfect limiter pre-

ceding the detector. 
There is a particular significance to the fundamental 

El" cos 2 (b" —b').  (5) 
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beatnote term in (5), the only important one of the 
amplitude terms if the undesired signal is much the 
weaker. The amplitude of this beatnote term is pro-
portional to the frequency modulation of the desired 
signal, which is the stronger signal and therefore deter-
mines the average frequency of the composite signal. 
The unbalancing of the frequency detector by the 
frequency modulation of the stronger signal is a rea-
sonable explanation of the amplitude detection 
responsible for this beatnote term. 

V: THE CONICAL PATTERN 

While the desired signal and the crosstalk have ob-
vious significance in the detector output, it is difficult 
to interpret the beatnote as to its interference effect. 
This is especially true in wide-band frequency modula-
tion, the beatnote being inaudible part of the time. 
As an aid in testing and interpreting the beatnote 
interference, the conical pattern is to be described 
with its various forms and uses. 

(a) Square-law rectifiers 

Fig. 7—The output of Figs. 5 and 6 for k— 1/2 but plotted against 
the beat frequency to form a conical pattern. 

Fig. 7 shows two examples of the conical pattern. 
They are based on Figs. 5 and 6, but are traced not 
against time but rather against the modulating volt-
age of the undesired signal. The desired signal being 
unmodulated, the beat frequency is proportional to 
the modulating voltage of the undesired signal. There-
fore the output is effectively plotted against the fre-
quency of the beatnote, and this pattern shows the 
relation between the amplitude and the frequency of 
the beatnote. Fig. 7 is computed for k=1, with (a) 
for square-law rectifiers as in Fig. 5 and (b) for a lim-
iter as in Fig. 6. 

Each of the curves in Fig. 7 is called a "conical pat-
tern" because it is the lateral projection of a three-
dimensional curve traced on a conical surface by a 
vector which rotates about the axis of this surface. 
This vector rotates at the beat frequency, and shifts 
along the axis at a distance from the center propor-
tional to the beat frequency. In Fig. 7, its amplitude is 
also proportional to the beat frequency, so its point 
travels on a conical surface. The conical pattern was 
originated to show just what appears in Fig. 7, the 

proportionality between the frequency and amplitude 
of the beatnote caused by a weak component of noise 
superimposed on a strong unmodulated carrier of the 
desired signal. 
The conical pattern is most easily shown on an oscil-

loscope. The output of the receiver and the frequency. 
modulating voltage of the undesired signal are applied 
to the respective vertical and horizontal deflecting 
plates. The modulating frequency and the extent of 
frequency modulation are usually not critically related, 
so the pattern appears not as a steady repetitive trace 
but rather as a trace shifting within the envelope of the 
pattern, This does not decrease the value of the pattern 
for showing the relation between frequency and ampli-
tude of the beat note. An oscilloscope having a screen 
of long persistence is advantageous in observing the 
envelope rather than the trace itself. 
The conical pattern is most distinct if the modulat-

ing frequency is much less than the extent of frequency 
modulation, as in Fig. 7. Otherwise the conical pattern 
is indistinct, unless there are superimposed a sufficient 
number of noncoincident traces to determine the en-
velope. The envelope loses its sharp corners if there is 
a low-pass filter following the detector, even though 

(a) No low-pass filter 

>-K 
(131 Low-pass filter 

with sharp cutoff 

r-

-  -J 

(C)  Restoring filter added 

(d) Same except gradual cutoff. 
Fig. 8—Conical patterns showing the effect of low-pass 

filters after the detector. 

this filter has a cutoff frequency slightly higher than 
the highest frequency of the beatnote. This distortion 
of the envelope is caused by the failure to retain the 
sidebands-outside the width of frequency modulation, 
which spread out farther during rapid modulation. If 
the beatnote has strong harmonics, the envelope is 
distorted also by the loss of these harmonics. 
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In Fig. 8 are shown some examples of the conical 
pattern in its practical applications. In each case, the 
modulating frequency is sufficiently low to give a sharp 
outline of the pattern. Fig. 8(a) shows merely the con-
ical envelope without distortion. Fig. 8(b) shows the 
effect of a sharp-cutoff low-pass filter which passes the 
beatnote only while the beat frequency is less than 
the cutoff frequency. This filter is intended to pass as 
much of the audio range as is needed for adequate re-
production. The conical pattern shows clearly the ac-
companying reduction of the peak amplitude of the 
beatnote interference. 
If the transmitter employs. pre-emphasis of the 

higher frequencies of modulation, this is compensated 
by a restoring filter in the receiver.' The restoring 
filter merely attenuates the higher frequencies within 
the audio range. Its effect on the beatnote output is 
shown in Fig. 8(c), including a further reduction of 
the peak amplitude. In practice, the low-pass filter is 
more likely to have a gradual cutoff which, with the 
restoring filter, gives a conical pattern of the shape of 
Fig. 8(d). 
The interference effect involves the variation of au-

dibility of the beatnote during the modulation of its 
frequency. Knowing the characteristics of audition 
and the frequency scale of the conical pattern enables 
an estimation of the beatnote interference in terms of 
its audibility. Such an estimate should take into ac-
count also the time during which the beatnote is audi-
ble. 
The conical patterns of Figs. 7 and 8 are observed 

with the unmodulated desired signal on the mean fre-
quency of the modulated signal, so the patterns are 
symmetrical. The center point indicates the occur-
rence of equality between the frequencies of the two 
signals and the center frequency of the balanced de-
tector. In the case of a limiter in the receiver, formula 
(2), it is found that the amplitude of the beatnote is 
proportional to its frequency, regardless of the tuning 
relative to the frequency detector, so the crossover 
point on the envelope always represents equality be-
tween the signal frequencies, or zero beat. 
Relying on this relationship, Fig. 9 shows the effect 

of detuning the unmodulated signal. The conical pat-
tern is symmetrical (a) while the unmodulated signal 
is on the mean frequency of the modulated signal, but 
departs from symmetry as the unmodulated signal is 
detuned toward the lower limit of frequency modula-
tion, through (b) to (c). The apex or crossover point 
of the envelope moves to one edge of the pattern (c) 
as the unmodulated signal is detuned to the limit of 
frequency modulation. This gives a critical test for 
comparing the frequency modulation of one signal 
against the steady frequency of another. It is most re-

M. G. Crosby, "The service range of frequency modulation," 
RCA Rev., vol. 4, pp. 349-371; January, 1940. (The pre-emphasis 
and restoration of the higher audio frequencies in the modulating 
signal, his Figs. 4 and 5.) 

liable if the modulated signal is weaker than the un-
modulated signal, so the conical pattern is nearly 
horizontal, and the signals differ in strength enough so 
the requirements on the limiter are not too severe. 
Such a test is needed for checking the performance of 
a frequency-modulated signal generator, and would be 
valuable as a monitor in a transmitter. 

Fig. 9—Conical diagrams showing the effect of detuning an un-
modulated signal relative to a frequency-modulated signal. 

The detuning of the unmodulated signal during 
modulation of the other signal gives some indication of 
what happens to the beatnote amplitude during mod-
ulation of both signals. In general, this depends on the 
limiter and detector properties of the receiver, Fig. 9 
being valid only for a receiver with a limiter. 
Fig. 10 shows the outer limits of the conical en-

velope with both signals modulated, in the three cases, 
of a limiter (a), linear rectifiers (b), or square-law rec-
tifiers (c). These patterns are traced against the dif-
ference of the two modulating voltages (El'—El!) so 
the horizontal displacement is still proportional to the 
beat frequency. The coefficient of the beatnote term 
in each of (2), (3), and (1) is used to determine the 
maximum beatnote amplitude at any beat frequency, 
both signals being modulated within the same limits 
(El' and Ei," between —1 and +1). The maximum 
beat frequency occurs with opposite maximum modu-
lation of the signals, so it is double the maximum 
modulation (±fc). It is accompanied by maximum am-
plitude in the case of a limiter (a) or minimum in the 
case of square-law rectifiers (c). In the cases without 
a limiter, it is important that both signals are tuned 
to the frequency detector. In the case of linear recti-
fiers (b), the amplitude is modulated only by the un-
desired signal Et", so the peak amplitude of the beat 
note is the same for all beat frequencies. 
The differences among the three cases are present 

only during simultaneous modulation of both signals, 
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and are caused by (5b) identified with amplitude de-
tection accompanying the frequency detection. They 
are associated with the idea that the departure of the 
stronger signal from the center frequency unbalances 
the frequency detector, leaving it sensitive to the beat-
note amplitude modulation. The greatest amplitude 
of low-frequency beatnote occurs while both signals 

2 r-..  (a) 

0 F -10.411 ----1 

2 1-• 
-21,  '1a0 

(b) 

mI r - - -  - - , - 1 
',  I 

(c) 
2 

-2 
Fig. 10—Conical diagrams show ng the maximum amplitude of 
beatnote during modulation of both signals. 
(a) limiter 
(b) linear rectifiers 
(c) square-law rectifiers. 

are modulated in the same sense and to the maximum 
extent, so the detector is furthest from balance. 
The shaded areas in Fig. 10 show the region passed 

by a low-pass filter similar to that used as a basis for 
Fig. 8(b). The remaining peak amplitude of the beat-
note is least with a limiter (a) and greatest with 
square-law rectifiers (c). This is in contrast to the beat-
note amplitude with one signal unmodulated, which 
is nearly independent of the limiter and rectifier prop-
erties in the receiver. This distinction has little prac-
tical significance, because the output of the stronger 
signal usually obscures such beatnote interference as 
is caused by its modulation. 

VI. THE COMPARISON OF CROSSTALK AND 
BEATNOTE INTERFERENCE UNDER 

VARIOUS CONDITIONS 

Having shown the general characteristics of the 
output in response to two signals, there remains to 
present graphically the relative importance of the 
crosstalk and beatnote interference, depending on the 
relative strength of the two signals and on the proper-
ties of the limiter or of the detector. First, the response 
of all kinds is to be summarized for the limiter and 
square-law cases, then the crosstalk output is to be 
compared for the various cases. 
In the case of a perfect limiter, Fig. 11 shows the 

peak amplitude of all terms relative to that of the de-
sired signal alone. Each term is evaluated during 

modulation of only one of the two signals. The desired 
signal (a) has its normal value, unless the undesired 
signal is stronger and therefore completely masks the 
desired signal. The crosstalk (b) is absent if the de-
sired signal is the stronger, but otherwise completely 
displaces the desired signal. The beatnote funda-
mental component (c) has a maximum value for both 
signals equal. In general, its relative peak value is 
equal to the voltage ratio of the weaker signal over the 
stronger. The beatnote harmonics add to the funda-
mental, their total peak value becoming indefinitely 
great for equal signals. 
A low-pass filter reduces the peak value of the beat-

note fundamental in the ratio of its cutoff frequency 
over the maximum frequency modulation fac, as 
shown in Fig. 8(b). This is exemplified by Fig. 11(d) 
for a ratio of 1/5; the low-pass filter may have a sharp 
cutoff at 15 kilocycles, the upper limit of the audio 
range, with maximum modulation of 75 kilocycles. 
If there is also a restoring filter, of nominal cutoff 

frequency f,, and if its cutoff frequency is less than 
that of the low-pass filter, there is a greater reduction 
of the beatnote approximately in the ratio f,/f,, as 
shown in Fig. 8(c). This further reduction is indicated 
in Fig. 11(e) for a ratio of 1/50, the restoring filter 
having a gradual cutoff at 1.5 kilocycles. 
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Fig. 11—The relative peak output of the individual components in 
the case of a perfect limiter. 
(a) desired signal 
(b) crosstalk 
(c) beatnote fundamental component with no low-pass filter 
(d) same with added low-pass filter,1.=.4/5 
(e) same with added restoring filter, 1,=f,/50. 

The discontinuities in the curves of Fig. 11, at the 
condition of two equal signals, are caused by the as-
sumption of a perfect limiter. In practice, this assump-
tion fails at this condition, so the curves are rounded 
off and there is some overlap between the desired signal 
(a) and the crosstalk (b). These discontinuities are 
absent in the square-law case and are less severe in the 
linear case. 
In the case of square-law rectifiers, Fig. 12 shows the 

same relative peak amplitude of the output terms. A 
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perfect automatic amplification control is assumed to 
hold uniform the mean-square value of the composite 
signal voltage, to make this case comparable with that 
of a perfect limiter. The desired signal (a) and the 
crosstalk (b) overlap but the stronger signal is fav-
ored very much. There is no effect of the stronger sig-
nal masking the weaker, as occurs in the limiter, but 
there is a similar effect of the stronger signal attenu-
ating the weaker through the automatic control. The 
beatnote curves correspond to those of Fig. 11, (c) 
without any low-pass filter, (d) with the low-pass filter, 
and (e) with the restoring filter. In this case, there are 
no beatnote harmonics. 
In each of Figs. 11 and 12;the crosstalk curve (a) 

and the beatnote curve (b) add up to unity. This is 
true as a general rule, on the assumption that there is 
either a perfect limiter or a perfect automatic volume 
control using a rectifier of the same type as those in the 
frequency detector. 
The case of linear rectifiers is intermediate in be-

havior, somewhere between Figs. 11 and 12. All three 
cases have nearly the same beatnote interference, on 
the same assumption that only one of the two signals 
is modulated at a time. The more interesting compari-
son among the three cases therefore is their crosstalk 
interference. 
Fig. 13 gives a comparison of the crosstalk inter-
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Fig. 12—The relative peak output of the individual components in 
the case of square-law rectifiers. 
(a) desired signal 
(b) crosstalk 
(c) beatnote with no low-pass filter 
(d) same with added low-pass filter, f.,..f./5 
(e) same with added restoring filter, f,=f.150. 

ference for several cases. With the undesimd signal the 
weaker (k <1), the perfect limiter avoids any cross-
talk (a), and that from linear rectifiers (b) is half as 
great as that from square-law rectifiers (c). The curve 
(b) is computed from elliptic integrals and involves 
the assumption of an automatic control holding uni-
form the average voltage of the composite signal. 
Practical cases are likely to fall between the case of 

a perfect limiter (a) and that of linear rectifiers (b), 
because nearly linear rectifiers are used with an im-

perfect limiter, a perfect limiter being impossible of 
realization. The practical limiter is imperfect in two 
respects, a failure of limiting action below a certain 
threshold value, and a departure from uniform output 
above the threshold value. (Other imperfections such 
as departure from instantaneous action are here neg-
lected.) If the limiter action is level above the 
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Fig. 13—The relative peak output of the crosstalk component. 
(a) perfect limiter 
(b) no limiter, linear rectifiers 
(c) no limiter, square-law rectifiers 
(d) limiter with threshold at 1/2 amplitude of desired signal 
(e) square-root limiter and linear rectifiers. 

threshold and the desired signal is at least double the 
threshold voltage, no crosstalk can occur unless the 
undesired, signal exceeds one half the desired-signal 
voltage. This limit is indicated in Fig. 13(d). If instead 
the limiter has a slope halfway between level and lin-
ear, the crosstalk output approaches one half that of 
the linear case. This is called the "square-root" case, 
describing its slope of one half, and is indicated in Fig. 
13(e). Favorable conditions in practice are likely to 
fall between (a) and (d).6 
The peak amplitude of the crosstalk is less than 

that of the beatnote in all cases, if both are less than 
&Tiler times the peak amplitude of the desired signal. 
Under the assumptions of maximum frequency modu-
lation, fc= 75 kilocycles, and the restoring filter, f,= 1.5 
kilocycles, the beatnote predominates if both inter-
ference terms are at least 78 decibels below the desired 
signal. This relation is based on Fig. 12 for the square-
law case, which has the greatest crosstalk. This ratio 
becomes 2(f,./f,)2 or —72 decibels in the case of linear 

rectifiers. 
The relative audible interference from the crosstalk 

and beatnote depends on the kind of program and the 
requirements of reproduction. For the same peak 
value, the ',crosstalk and beatnote are of comparable 
audibility, but the spitting sound of the beatnote tends 
to make it the more detrimental. If it is necessary to 

I I. R. Weir, "Field tests of frequency and amplitude modulation 
with ultrahigh-frequency waves," Gets. Elec. Rev., vol. 42, pp. 188- 
191; May, 1939; and pp. 270-213 ; June, 1939. (The common-chan-
nel interference between two signals, his Figs. 9 and 10.) 
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hold the interference at least 70 or 80 decibels below 
the desired signal, the beatnote is the determining fac-
tor, and the presence or absence of a limiter is unim-
portant. If more interference is tolerable, the crosstalk 
is the determining factor and it can be reduced by a 
limiter. 
Increasing the bandwidth of frequency modulation 

(21) for the same bandwidth of the modulating signal 
(ft) has no effect on the crosstalk but does enable the 
reduction of the beatnote output by a low-pass filter 
after the detector. Such a filter attenuates the beat-
note during the time in which the beat frequency is 
outside the frequency band occupied by the modulat-
ing signal. 

VII. THE DERIVATION FOR ONE SIGNAL IN 

VARIOUS TYPES OF FREQUENCY DETECTORS 7 

The theoretical derivation is simplified by the use 
of the zero-frequency carrier. This procedure has been 
shown to yield the practical solution, even in cases of 
unsymmetrical sidebands as in frequency modula-
tion.8 The carrier frequency does not appear in the 
statement of the problem or in its solution. 
In this derivation, no specific form of modulating 

signal is assumed. This avoids the usual limitation to 
a sinusoidal modulating signal. This generalization ac-
tually simplifies the expression of the solution. 
The modulating signal, El(t) in Fig. 1, has any varia-

tion with the time 2, subject to some limitation on its 
bandwidth. (In sound transmission, it is the audio-
frequency input signal.) The frequency modulator M 
is regarded as operating on a carrier of unit amplitude 
and zero frequency. Therefore the frequency deviation 
is the same as the frequency f of the modulated signal 
E2(1). This frequency deviation is proportional to the 
modulating signal 

= fcE2(t)  (6) 

in which f, is the deviation per unit voltage of El. 
The three forms of frequency symbols are used in-

terchangeably, whichever fits into the expression at 
hand: 

to = 21:1;  p =  = i2iff (7) 

in which co is the angular frequency and p corresponds 
to the differential operator Dt with respect to time. 
The modulated carrier has a phase angle b related 

to the frequency modulation as follows: 

db 
— =  = ohEi 
dt 

b = bo -I-10  codt = bo+ wc f Ei di 

(8) 

(9) 

7 J. R. Carson and T. C. Fry, "Variable frequency electric circuit 
theory with application to the theory of frequency modulation," 
Bell Sys. Tech. Jour., vol. 16, pp. 513-540; October, 1937. 

I H. A. Wheeler, "The solution of unsymmetrical-sideband prob-
lems with the aid of the zero-frequency carrier," PROC. I.R.E., vol. 
29, pp. 446-458; August, 1941. 

in which bt) is the phase angle at I= 0. The progressive 
phase angle b henceforth includes both frequency and 
time variables. The modulated carrier is represented 
by the vector 

E2 = exp ib = cos b  i sin b.  (10) 

There are several types of balanced frequency de-
tectors to be considered, as described with reference 
to Fig. 2. They differ in the kind of slope filters and 
the kind of rectifiers. Without loss of generality, the 
same f, is taken as the intercept frequency of the slope 
filters. 
The linear slope filter of Fig. 2(a) has the filter fac-

tors 

1 f fc-f-f F+(f)=-+  =  • 
2 2f,  2f. 

F m  1 
2f, = 2f,  (11) 

in which the  and — subscripts denote the two sides 
of the balanced detector. Each of these factors changes 
between zero and unity between the intercepts at 
±f,. The fact that the slope continues over negative 
and positive values of the filter factor denotes the 
use of a resonant trap in each filter. 
The filter factor on each side is expressed in terms 

of the differential operator and then applied to the 
modulated voltage Ey  to secure the differentiated 
voltages Ey+ and Ey- in Fig. 1: 

1 , P  1  1 
F±  =  -  -  =  -  +  -  D g 

2  2p,  2  2p, 

1 1 1  i db 
Ey± =  Di )  = -  exp ib +  — exp ib 

2  2p,  2  2p,  dl 

= (1  1 — ± —2 E1) exp ib. 2  (13) 

(12) 

This shows the amplitude modulation superiniposed 
on the frequency modulation by the slope filters. 
This application of the differential operator p is 

common ground between Heaviside operational meth-
ods and Fourier integral methods. 93 ° In this case, it 
is the same as the transformation 

dl 
E=(R-F:uoL)I =(R+Lp)i = (R+ L • EQI = RI+ L — (14) 

in which E is the voltage, R is the resistance, L is the 
inductance, and / is the current having any variation 
with the time t, and D t means d/dt. 
The resulting voltages Ey+ and E3_ are delivered to 

the rectifiers, which are linear rectifiers in this case. 
Since the unrectified signal is expressed as a modulated 
zero-frequency carrier, its magnitude is the signal en-
velope to which the rectifier responds. The magnitude 

° Vanpevar Bush, "Operational Circuit Analysis," 1929. See 
pp. 17-21. 

G. A. Campbell and R. M. Foster, "Fourier integrals for 
practical applications," Bell Telephone System Monograph B-584, 
September, 1931. Abridgment, Bell Sys. Tech. Jour., vol. 7, pp. 
639-707, October 1928. See Table I, No. 208. 
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of E34. or E. carries an amplitude modulation which 
is proportional to the modulating signal El. 
The linear rectifiers produce output voltages E 44. and 

E4- equal to the envelope -amplitudes of the differ-
entiated signals, in this case the magnitude of the 
voltages E3+ and E3_ : 

E4± =I E3±I =I  ± 1E11 (15) 

as shown in Fig. 2(b). The output voltage E4 from the 
balanced detector is the differential output of the rec-

tifiers: 

E4 =  E44- —  Ea— =1i + -1E11 — I — EiI . (16) 

This has a range of linear proportionality limited by 
the intercept frequencies, in which the output is equal 
to the modulating voltage: 

—  < f < fc;  — 1 <  < 1 ;  E4 =  (17) 

as shown in Fig. 2(c). 
In this derivation, it is notable that the bandwidth 

between the intercept frequencies ±f, need be only 
sufficient to include the maximum value of the devia-
tion f. The marginal sidebands outside of this width 
2f, do not require a further separation of the intercept 
frequencies but do require a continuation of the linear 
slope as far out as the sidebands are appreciable. 
The next case is that of the same linear slope filters 

with square-law rectifiers, as shown in Fig. 2(d) and 
(e). The rectified voltages are taken equal to the 
square of the signal magnitudes: 

E4±  I E a  2 =  ± 1 E1)2 =  ± 1 E1 +  1 E12.  (18) 

The differential output is simply 

E4 =  E4+ —  E4_  (19) 

This is valid over an unlimited range, irrespective of 
the intercept frequencies of the slope filters. Therefore 
this type of balanced frequency detector is ideal for 
theoretical purposes. 
The remaining case is that of square-law slope 

filters and linear rectifiers. The slope filters have the 
form of Fig. 2(d) and the differential output has the 
form of Fig. 2(e). The filter factors are those of (11) 
and (12), squared: 

1  f ) 2  1  p  p 2 

F,  ±  2  

2  2f,  4  2P,  4p,2 

1  1  1 
pg  pg2. 

4  2p,  4p,2 

This factor requires two resonant traps at the inter-
cept frequency in each of the slope filters. Applying 
this factor to E2, the differentiated voltages are found 

to be 

(20) 

The output of each linear rectifier is the magnitude 

1  1  1  1 dEi 
E4± = — ±  --E12 ± --

4  2  4  4p, dt 

1  1  1  d EI 

k 2  ±  2 El )  +  4p, dt 

If the modulating voltage E1 has only slow variations, 
the differential output is simply E1, as in the preceding 
case. However, such an assumption is not generally 
justified, in which case the peak value of E1 must be 
held less than one, by an amount sufficient to assure 
the first of the last two terms exceeding the second. It 
is concluded that this type, because of its double dif-
ferentiation, gives a linear output which is reliable 
over a lesser range of modulation than the first type 
with linear slope filters and linear rectifiers. 
The theory of these three types of balanced fre-

quency detectors indicates advantages for the first and 
second types. The first type, with linear slope filters 
and linear rectifiers, has the advantage that an undis-
torted replica of the modulating voltage appears in 
each of the rectifiers, so a departure from balance 
leaves no distortion of the output. This type has the 
disadvantage of operating over only a limited range 
of frequency modulation. The second type, with linear 
slope filters and square-law rectifiers, is ideal for theo-
retical purposes because it has an unlimited range of 
operation, and because square-law rectifiers are most 
susceptible of mathematical treatment. It has the 
practical disadvantages that square-law rectifiers are 
less efficient. Also they cause distortion in each recti-
fier so exact balance is required to secure an undis-

torted output. 
These two types of detectors are denoted simply the 

linear and square-law types, referring to the rectifiers; 
both types have linear slope filters. 
With only one signal and ideal conditions, the pres-

ence or absence of a limiter is immaterial, because the 
signal amplitude is uniform. 

Esi = (1  1  1  1 dEi-4 ± —2 E1  —E12 —  — ) exp ib.  (21) 
4  4p, dt 

(22) 

VIII. THE DERIVATION FOR Two SIGNALS IN A 
SQUARE-LA W FREQUENCY DETECTOR 

Each of the two signals has the form of the one sig-
nal in the preceding section. The desired and unde-
sired signals are identified by superscripts ('and ") as 

in Fig. 1. 
For the study of common-channel interference, 

these two signals are to be superimposed. The desired 
signal E2 1 has unit amplitude while the undesired sig-
nal El" has a relative amplitude k, constant and usu-
ally less than 1. The composite signal is 

E2 =  E2I+ E211 =  exp ib'  k exp ib".  (23) 

Referring to equations (12) and (13) for the linear 
filter factors and the form of the differentiated signal, 

the composite signal becomes 
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E3i E1') exp lb'  ± iEl") exp lb' 

= [(i ±  +  ± 4E1') exp i(b" —b')] exp ib' 

The square-law rectified voltages are the squared mag-
nitudes of the coefficient in brackets [ ], since exp ib' is 
a unit vector. 

E4± =J E3± 2 = [(I± 1E1')-Fk(1 ± 1E1") cos (b"—b')] 2 

[k(1 ± 1E11) sin (b" — b1)12 

=  ± 4E1, +  k2(1  1E1 N2) 

-1-2k(}±iE1'± iE"-l-fEi'El") cos (b' —b').  (25) 

In the differential output, all except the + terms can-
cel out, leaving simply 

E4 

=  desired signal 

k2E1"  crosstalk 

k(Ei' E1") cos (b' —b')  beatnote. (26) 

(24) 

As is characteristic of square-law rectifiers, the desired-
signal output is unaffected by the presence of the un-
desired signal. The crosstalk output is free of distor-
tion and proportional to k2. The relative phase of the 
two carriers is noncritical. 

The beatnote interference is unusual in its proper-
ties. It is a sinusoidal wave whose amplitude and fre-
quency are modulated by both signals. Its frequency is 

1 d P -1, = - - (b'—b') = f ,(Ei" — E1').  (27) 
2r d€ 

This is the instantaneous difference of the two fre-
quency deviations, so it is determined by the fre-
quency modulation of both signals. In speech modula-
tion, the beatnote interference is heard as an irregular 
harsh rasping noise having only syllabic relation to 
the modulating signals. In wide-band modulation, the 
beatnote is inaudible some of the time. 
Under the influence of automatic volume control 

(not the same as a limiter), there is manifested a block-
ing effect of either signal on the other, as shown in 
Fig. 12. The total power of the two signals is 1 -Fk2, and 
the square-law rectifier response is proportional to the 
power. Dividing the output voltage (19) by this factor 
gives the relative amplitudes when subjected to an 
action which maintains uniform the average power 
input to the frequency detector. 

Ei 1  k2 
 E11   

1+k2  1 + k2  1+k2 

k2 (Ei'-f-Ei") cos (b'—b').  (28) 
1 +   

The curves of Fig. 12 are plotted in terms of peak val-
ues of output for El' or E2 having unit peak values. 
Curve (a) is the blocking of the desired modulation by 
the undesired carrier unmodulated. Curve (b) is the 

reverse effect, the crosstalk from the undesired modu-
lation while the desired carrier is unmodulated. 
While the mean or effective value of the beatnote 

interference is difficult to compare with the desired 
modulation, its peak value is interesting and can be 
expressed for some cases. The maximum amplitude of 
the beatnote occurs when the amplitude coefficient 
(Ei'-FEI") in (26) has its maximum value of two, and 
the frequency coefficient (EL" —El') in (27) is small; 
this means when both signals have maximum modula-
tion of the same polarity and nearly but not exactly 
the same amplitude. The relative peak value of beat-
note interference, while both signals are modulated, is 
therefore independent of the bandwidth of modula-
tion, but the relative mean value and average audibil-
ity is reduced by wider modulation. This is shown in 
Fig. 10(c), in which the peak amplitude of the beat-
note is plotted against the beat frequency. 
If only one signal is modulated, as for the curves of 

Fig. 12, the peak value of beatnote interference is 
reduced by wider modulation which increases the beat 
frequency beyond the range of audibility. The audi-
bility decreases so rapidly above 5 kilocycles, that a 
low-pass filter may be assumed following the detector 
with a cutoff frequency f. of about 5 kilocycles. Such 
a filter may be present, or may be approximated by a 
high-audio-frequency attenuator intended to com-
pensate for emphasis in the transmitter. The maxi-
mum modulating voltage E1 on either signal, which 
produces a beat frequency fk not exceeding f„, is found 
from (27) to be 

Eia fa =  (29) 
fc 

The corresponding peak voltage of the beatnote inter-
ference, multiplied by the factor of automatic •volume 
control, is found from (28) to be 

k 

1+k2 

This peak value is plotted in Fig. 12 as curves (c) and 
(d) for the ratio f./f,=1 and 1/10. This corresponds to 
a maximum deviation fc one and ten times the audio 
frequency fa. 
For laboratory studies, sinusoidal modulation is 

most convenient. Therefore this case for frequency 
modulation deserves an explicit solution of the inter-
ference waveform. The example chosen is the un-
modulated desired signal and sinusoidal modulation of 
the undesired signal. The modulating wave is 

= m cos 0)„,/  (31) 

in which m is the modulation factor such that the max- . 
imum deviation is mf,. The resulting frequency devia-
tion is, from (6), 

(30) 

co' = mw, cos 0.)„,t.  (32) 
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Assuming the initial phase angle bo of each carrier is  k2 + — (1 T- E1' ± 2E1" T 2VEI") 
8 zero in (9), the modulated phase angle is 

nuoc 
b" = J cedt =  sin (amt.  (33) 

co. 

From (28), the output of the balanced detector is 

E4  k2 
 m cos co„,t  crosstalk 

1+k2 - 1+k2 

 m cos comi cos b"  beatnote. (34) 
▪ 1+ k2 

This is plotted in Fig. 5 for several cases. The desired 
signal is not modulated. The crosstalk output is a 
replica of the undesired modulating signal. The beat-
note output is expressed completely as follows: 

Imo), 
km cos co„,t cos  sin co„,t).  (35) 

co„, 

The beat frequency is equal to the frequency deviation 
given in (32), both its amplitude and its frequency 
being modulated at the modulation frequency. In 
wide-band moclulation, a low-pass filter would cut off 
the beatnote during part of the time, while its ampli-
tude and deviation are greatest, and the remaining 
beatnote interference would be weaker and more ir-
regular. Even without the filter, it would be less audi-
ble. Therefore, while the audibility of the beatnote 
interference increases with increasing weak modula-
tion, it tends to decrease with increasing strong modu-
lation which causes the frequency deviation to go 
much beyond the audio-frequency range.  • 

IX. THE DERIVATION FOR TWO SIGNALS IN A 
LINEAR FREQUENCY DETECTOR 

The output of each rectifier in the linear frequency 
detector is the magnitude of E3± given in (24). The 
square of this magnitude, from (25), is 

1  (1 ± El" \ 2 
(E42)2 = I E3± I 2 = :1(1 ± E21)2 [ 1 + k2   

1 + 

+ 2k  1 ± E1' ) cos (b"-b')]. 
\11- E1' (36) 

Since the square root of the bracketed expression is 
difficult to interpret, it is expanded in a series, includ-
ing only terms in the first powers of El' and E1", and up 
to the second power of k. 

1+ El" ) 
E4± = i(1 ± Eli) {1 + k( - ± Et'  cos (b'-b') 

1   

k2 ( 1 ± El") 2 
+ 2 1 + El'  [1- cos2(b"-b')1+ • • • 

1  k 
=-(1±Ei') + — (1±E1") cos (b'-b') 
2  2 

[1 - cos (2b"-b')] + •  (37) 

The differential output is 

E4+ 

= E1' (1 - — -I- • • • )  desired signal 
4 

k2 
▪ — Ei"  crosstalk 
2 

k2 
- —  mixed signal 
2 

▪ — El" cos (b" - b')  beatnote 
2 

k2 
▪ — (E1' - 2E1"  2E11E1" - • • • ) 
4 

cos (21)"-b') -I- • • • . (38) 

Two cases of this expansion appear as (3) and (4). It 
is complicated by the masking factor on the desired 
signal, and by the distortion (harmonics and inter-
modulation) of both signals. Each coefficient is part 

of an infinite series. 
The automatic volume control in this case is also 

assumed to have a linear rectifier, to correspond with 
the detector. This control is substituted for the limiter 
L in Fig. 1, and is assumed to maintain the average 
value of the voltage E3 at a uniform value of unity. 
Rewriting (23), the composite signal voltage is 

E2 = exp ib'[1  k exp i(b"-b')]  (39) 

and its magnitude is 

E21 =  k2 ± 2k cos (b"-b') 

= 1 -I- 2k cos (b'-b') 

k2 
— [1 - cos 2(b"-b')]  • • • .  (40) 
4 

The average value of its magnitude is 

2  k2 
-(1 - k2)K(k)i = 1+-- + • • • 

4 

4 
=  — (k = 1) 

=  k (k>>1)  (41) 

in which K(k) and E(k) are respectively the complete 
elliptic integrals of the first and second kinds.' " The 

• 
"(The real part of K or E is used for k>1.). 
12 Jahnke and Emde, 'Tables of Functions," 1933, chapter 15, 

pp. 127, 145, 150. 
" D. Bierens de Haan, "New Tables of Definite Integrals," 

1867-1939. Table 67, (S) and (7); uses F' and E' instead of K and E. 
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kt = k, 

value of E3 becomes 

E3= 
Ea 
-E2 (42) 

which has an average value of unity. 
The desired-signal output is reduced by two factors, 

the masking factor (in parentheses) (38), and the fac-
tor 1/E2. Both factors cause more reduction with 
increasing relative amplitude k of the undesired signal. 
A precise evaluation of the differential output E4 

also requires elliptic integrals. Instead of expanding 
into a series, formula (36) may be rewritten, 

E4± =  ± E1')V1  k±2 2k± cos (b'-b')  (43) 

in which 

1+ El" 
k± = k   (44) 

1 + 

In order to remove the beatnote, E4± is averaged over 
the beatnote cycle of (b'-b'), leaving only the modu-
lating voltages as they appear in the output of either 
rectifier. 

1  2 
E4± = -(1 ± E1') — [2E(k) - (1-42)K(k±)]. 

2 

d  

=  74 El'  ) (E4+  E4-)  

2 
=  — E(k)  desired signal 

2 
-I-  — [E(k) - (1-k2) K(k)]  crosstalk. 

7 

(48) 

Applying the automatic-volume-control factor, the re-
sulting output is 

E-4 E(k)- (1- k2)K(k)) 
=  1   desired signal 

E2  •  2E(k)- (1- k2)K(k) 

E(k) - (1- k2)K(k) 
+ El"   crosstalk. (49) 

2E(k) - (1- k2)K(k) 

This formula shows that the reduction of response to 
the desired signal is equal to the increase of response to 
the undesired signal. This crosstalk is plotted as Fig. 
13(b). 

In a like manner, the beatnote fundamental and 
harmonic components can be evaluated in terms of 
elliptic integrals. For present purposes, however, the 
series expansion (38) is more useful. 

(45)  X. THE DERIVATION FOR Two SIGNALS 
IN A LIMITER 

This is obtained by the same elliptic integral as used 
to obtain (41) from (40) above. The differential output 
E4 is to be expressed only for special cases. 
The distortion of the modulating voltages El,' and 

El" in the output complicates the solution, but adds 
little of interest because the more important effects 
involve the beatnote noise and the signal amplitudes. 
The latter information is obtained with close approxi-
mation by solving for the case of small modulating 
voltages: 

<< 1, E2' << 1, 

dk± dk± 
= T k,  —  = + k.  (46) 

The relation is used," 

d 2  2 
—• — [2E(k)-(1-k2)K(k)]= — [E(k)- (1- k2)K(k)] 
dk r  Irk 

= —  (k<<1)  (47) 
2 

2 
= —  (k = I) 

I-

=1  (k<<1). 

On this basis, the differential output of the detector 
(omitting the beatnote terms) is 

14 Jahnke and Emde, footnote reference 12, pp. 128-129. 

The limiter L in Fig. 1 receives the composite signal 
voltage E2 of varying amplitude. The action of the 
limiter on this voltage is such that its output voltage 
retains the instantaneous frequency of the input volt-
age but has a uniform amplitude of unity. This action 
is conceived as a fast-acting control of amplification 
which holds the signal envelope at a constant ampli-
tude. 
The composite input voltage is 

E2 = E21 E2" = exp ib'  k exp ib" , 

= exp ib' [1  k exp i(by - b')] 

= exp ib' [1  k cos (by -bi)  ik sin (b' - b')] 

=I E2 I exp ib =I E21 exp ib' exp i(bw -b')  (50) 

in which b is the progressive phase angle of the com-
posite signal and 1E21 is the magnitude of the en-
velope. This phase angle is determined by the above 
expressions: 

k sin (b'-b') 
tan (b-b') -   (51) 

1  k cos (b'-b') 

k sin (b'-b') 
b = b'  antitan   (52) 

1 k cos (b'-b') 

Therefore the frequency of the composite signal is 

db  db'  k2 k cos (b" -b')  db"  db'\ 

dt  1-Fk2+2k cos (b'-b')  \ dt  • dt ) 

k cos (b'-b') 
=  + k(co" - (.0')   (53) 

1 + k2 + 2k cos (1' -b') 
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This was proved for a signal of unit amplitude and 
any frequency modulation in the case of one signal; it 
is a conclusion from (17) and (19) in that case. In this 
case, the detector output is 

E4= E1'  desired signal 

k + cos (b" —b') 
±k(E"—E')   beatnote. (56) 

1+k2+2k cos (b" —bi) 

If the undesired signal is the weaker, k <1, the second 
term has an average value of zero, and therefore rep-
resents only the beatnote (fundamental and har-
monics) as indicated. On the other hand, if the unde-
sired signal is the stronger, k >1, it amounts to inter-
changing the two signals and inverting k: 

E4 = El"  crosstalk 

1 
— + cos (b'—b') 

1 
—k  — El")   1 2  beatnote. 

1+—+-- cos (b'—b')  (57) 
k2 k 

These two solutions show clearly the effect of the 
limiter in favoring the stronger of the two signals and 
eliminating the other, as plotted in Fig. 11(a) and (b). 
The beatnote is a harmonic series of the following form 
for k <1 (and corresponding forma-27  for 1/k <1): 

k + cos (b'—b') 
  — k cos (b'—b') 
1 + k2 + 2k cos (b'—b') 

— k2 cos 2(b"— b') + le cos 3(b" —b') — • • • . (58) 

This beatnote series is included in (2) and the wave-
form is plotted in Fig. 4(c) on a scale which leaves the 
fundamental component the same for various values 

of k. 

"Crosby (footnote 4) in equation (7) and Fig. 4 shows the 
harmonic waveform of the beatnote. 
"E. P. Adams, "Smithsonian Mathematical Formulae," 1922. 

On p. 82, no. 13 is the expansion needed to express the beatnote 
in a Fourier series. 

11  de Haan's table 50, item (5), is the integral form needed to 
evaluate the coefficients of the beatnote Fourier series. 

The output of the limiter is 

E2 
E3 =   exp ib 

1E21 

which is a signal of unit amplitude and of phase b or 

frequency co. 
While this signal could be subjected to the processes 

in a frequency detector, this is unnecessary, because 
the detector in this case would merely deliver an out-
put voltage proportional to the frequency (deviation). 
Therefore the differential output of the detector is 

The beatnote oscillates between the peak values 

1  1 
(54)  (k<1) — and - -; (k>1) —  and - -  (59) 

1+k  1—k  k+1  k-1 

Its quadratic-mean (root-mean-square) value is 

= \m e  + ke  . . . ) _    (k <1). (60) 

An interesting example is that of no modulation of 
the desired signal and sinusoidal modulation of a 
weaker undesired signal. Only the beatnote term re-

mains: 
(55) k + cos b" 

E4 =  kEl"   (k < 1)  (61) 
1 ± k2 ± 2k cos b" 

in which 
mwe  db" 

b" = —  sin co„,t;  co" =  = two, cos comt. (62) 
co„,  dt 

In these formulas, nuo, is the maximum deviation, 
co„, is the modulating frequency, and co' is the beat fre-
quency. This output voltage E4 is plotted in Fig. 6. 

XI. CONCLUSION 

There are several types of balanced frequency de-
tectors capable of reproducing without distortion a 
frequency-modulated signal. Two of these types em-
ploy linear slope filters, one with linear rectifiers and 
the other with square-law rectifiers. 
If a perfect limiter is assumed, it is immaterial which 

type of frequency detector is used; otherwise the 
choice depends on which type has the more desirable 
behavior toward interference. Toward common-chan-
nel interference, the linear rectifiers give less crosstalk 
from the weaker of the two signals. During modulation 
of the stronger signal, the linear rectifiers give less beat-
note interference. 
The different kinds of interference are subdivided • 

into frequency and amplitude effects. The frequency 
effects are inherently associated with the ability to 
detect the frequency modulation of the signals. The 
amplitude effects can be avoided by the use of a lim-
iter; they are twice as great with square-law rectifiers 
as with linear rectifiers. 
The beatnote interference is caused by frequency 

and amplitude modulation in the composite signal. Its 
interference effect is mainly caused by the frequency 
modulation, so it cannot be reduced very much by 
avoiding the amplitude effects. It can be reduced by 
using a bandwidth of frequency modulation exceeding 
twice the bandwidth required by.the modulating sig-

nal. 
The crosstalk interference from a weaker signal is 

caused entirely by the amplitude modulation in the 
composite ,signal. It can be minimized by the use of a 
limiter, and its amplitude from linear rectifiers is only 
one half as great as from square-law rectifiers. 
The conical pattern, especially well adapted for 
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oscilloscope tests, is useful in observing common-chan-
nel interference and in comparing the frequency mod-
ulation of one signal with the steady frequency of 
another. 
The relations described have been verified by tests. 

The waveform of the interference output has been 
found to agree with Figs. 5 and 6, in corresponding 
cases without and with a limiter. The conical diagrams 
of interference output, Figs. 7 and 8, have been 
reproduced on the oscilloscope under the various condi-

tions illustrated. The conical diagram of Fig. 9 has 
been used in checking the amount of frequency modu-
lation in a signal. The crosstalk component has been 
separated from the beatnote by a filter to test the rela-
tions of Fig. 13, both without a limiter and with lim-
iters of practical design. The beatnote amplitude, as 
in Figs. 11 and 12, has been checked by oscilloscope 
observations corresponding to Figs. 5 to 8. The nature 
of the crosstalk and beatnote interference has been 
verified in listening tests. 



Institute News and Radio Notes 

1942 Winter 
Convention 

The technical sessions of the Winter 
Convention to be held on January 12, 13, 
and 14 at the Commodore Hotel in New 
York City will be high-lighted by four ad-
dresses of major importance bearing on 
radio's expanding role in the prosecution 
of the war. 
At the opening session on Monday 

morning, January 12, Dr. F. B. Jewett. 
Chairman of the Board of Bell Telephone 
Laboratories, Vice-President of the Ameri-
can Telephone and Telegraph Company, 
and now at the head of the communication 
division of the National Defense Research 
Committee, will speak on: "The Mobiliza-
tion of Science with Special Reference to 
Communication." Facing in combat the 
German genius for organizing technical 
forces, the United States is systematically 
drawing on superior scientific and en-
gineering resources in the country's com-
mercial laboratories and universities. How 
the talent engaged in radio and the other 
electronic and communication industries 
is being focused on the problems of war 
will be the topic of Dr. Jewett's significant 
address. 
Lieutenant Colonel Rex V. D. Corput, 

Jr., Director of the United States Signal 
Corps Laboratories at Fort Monmouth,New 
Jersey, will outline the functions of his 
organization at the Wednesday afternoon 
session. Recent publicity has been given 
to the development, at those laborato-
ries, of apparatus for intercommunication 
among squadrons of tanks in action. Since 
such developments constitute radio's front-
line attack on the problems of adapting 
modern devices to requirements of the 
Army in action, Colonel Corput's address 
on the scope of activities at the Signal 
Corps' leading laboratory will be of spe-
cial interest. 
The principal speaker at the banquet, 

Tuesday evening, will be Mr. Don Fran-
cisco, Director of Communications on the 
staff of Mr. Nelson A. Rockefeller, Co-
ordinator of Inter-American Affairs. Mr. 
Francisco is an ace advertising executive, 
former President of Lord and Thomas, who 
recently made a whirlwind tour of Latin 
America to find out—to quote Time— 
"Why the United States usually puts its 
wrong foot forward." Not only does he 
control the battery of United States short-
wave radio broadcasting stations serving 
Central and South America and the West 
Indies, but he also superintends the pro-
duction of American motion pictures sent 
to South American countries. In Mr. Fran-
cisco we have secured at once a forceful 
speaker and a man who is sure to bring 
the Institute a message the importance of 
which transcends the usual boundaries of 
engineering thought. 
Also addressing the banquet will be 

Mr. Adolfo T. Cosentino, Director of 

DR. BAKER HONORED AT ROCHESTER FALL MEETING 

Walter R. G. Baker (A'19-F'29), who was recently named Vice-President in charge 
of radio and television of the General Electric Company, was presented with a gold 
escutcheon plaque in recognition of his work as Chairman of the National Television 
Systems Committee. The award was presented at the banquet during the Rochester Fall 
Meeting on November 11 by Institute Past-President L. C. F. Hork(at right), assisted 
by Virgil M. Graham, Chairman of the Rochester Fall Meeting Committee. 
Dr. Baker was born in Lockport, New York, in 1890. On his graduation from 

Union College he joined the General Electric research laboratories in 1917. During the 
war, he worked on vacuum-tube transmitters and receivers for military service. In 
1924, he was placed in charge of the design of all radio products and, two years later, his 
responsibility was increased to include their development, design, and production. 
In 1929, he took charge of the radio engineering activities of the newly formed 

RCA-Victor Corporation at Camden, New Jersey. Within a year he was placed in 
charge of production and then became general manager of the plant. 
He returned to the General Electric Company in 1935 as managing engineer of the 

radio receiver activites in Bridgeport, Connecticut. Four years later he was placed in 
charge of the radio and television department. 
The honorary degree of D.S. was conferred on him by Union College in 1935. 
Dr. Baker has served as Director of the Engineering Department of the Radio 

Manufacturers Association for a number of years. 
His services to the Institute include membership on the Board of Directors, the 

holding of offices in both the Philadelphia and Connecticut Valley Sections, and con-
tributions to the PROCEEDINGS. 

Radio Communications of the Argentine, 
who is traveling from South America to 

FORTHCO MING 

MEETINGS 

Winter Convention 

New York, N. Y. 

January 12, 13, and 14, 1942 

Summer Convention 

Cleveland, Ohio 

June 29, 30, and July 1, 1942 

attend the convention. Mr. Cosentino will 
address the convention with particular 
reference to the South American view-
point on radio and its influence. He is the 
1941 Vice-President of the Institute and 
since he is both a radio engineer and a 
public official is in a good position to speak 
informatively and interestingly on the 
subject. 
Among the novel features of this con-

vention may be mentioned the following: 
An unusual group of exhibits, in which 

the current interest in the availability of 
regular and substitute materials will be 
reflected. 
The reception at which President and 

Mrs. Van Dyck will meet the members of 
the Institute and women guests of the 
convention on Monday evening. 
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The buffet dinner and party on the 
same evening where an opportunity will be 
afforded the members to mix and become 
acquainted. 
Columbia's demonstration of color tele-

vision, over the air, at the Monday evening 
technical session. 
The Dutch-treat luncheons on Monday 

and Tuesday, for the purpose of giving 
out-of-town members a definite oppor-
tunity to become acquainted with New 
York members. 
The frequent bus trips to beautiful 

Alpine, New Jersey, on the Palisades of 
the Hudson, all day Tuesday, to visit 
Major Armstrong's frequency-modulation 
broadcasting station. 
The opportunity to renew acquaint-

ances with several Past Presidents of the 
Institute who, in connection with the 
celebration of our Thirtieth Anniversary, 
will be present at the banquet and will 
preside at some of the technical sessions. 
The college technical session on Wed-

nesday morning, open to all registrants at 
the Convention, at which students from 
near-by colleges will be addressed by vari-
ous members of the Institute in industry. 
Among others, Mr. J. Y. L. Hogan will 
speak on "Modern Techniques in Broad-
casting"; Mr. B. J. Thompson on "Modern 
Developments in Electronics"; and Mr. 
J. H. Hackenberg will demonstrate West-
ern Union's facsimile equipment. 
Of chief interest of course are the 

papers to be presented at the technical 
sessions. Produced under wartime condi-
tions there is a possibility that adjust-
ments will have to be made at the last 
minute in this program. 

Board of Directors 

A regular meeting of the Board of 
Directors was held on December 3, 1941, 
and attended by Haraden Pratt, chairman; 
Alfred  N. Goldsmith, editor; Austin 
Bailey, A. B. Chamberlain, I. S. Cogge-
shall, W. L. Everitt, guest; H. T. Friis, 
Virgil M. Graham, 0. B. Hanson, R. A. 
Heising, C. M. Jansky, Jr., F. B. Llewel-
lyn, B. J. Thompson, H. M. Turner, H. A. 
Wheeler, L. P. Wheeler, and H. P. West-
man, secretary. 
A report showing a total registration 

of 520 at the Rochester Fall Meeting held 
on November 10, 11, and 12 was received. 
A report was received on the Institute 

office operation. Authorization was given 
for the employment of an office manager 
who will not only relieve the Secretary of 
certain routine work but will have suf-
ficient time to make a reasonably accurate 
accounting of our work activities and re-
quirements. 
Removal of the Institute office to an-

other location in the same building at the 
request of the building management was 
authorized. 
General agreement was reached in the 

development of a plan whereby the In-
stitute would co-operate more actively 
with Professor Everitt of the Ohio State 
University in the holding of the yearly 
broadcast engineering conferences. 

VLADIMIR K. ZWORYKIN 

RECIPIENT OF RUMFORD AWARD 

Vladimir K. Zworykin (M '30-
F '38), Associate Director of RCA 
Laboratories, received on October 8 the 
Rumford Award of the American 
Academy of Arts and Sciences. Spe-
cifically recognized in the award was the 
research work ,in the development of the 
electron microscope. Reports were pre-
sented to the Institute membership on 
this work both at meetings and through 
the PROCEEDINGS. 
Dr. Zworykin was born in Mourom, 

Russia. At the Petrograd Institute of 
Technology he did his first experi-
mental work on the transmission of 
images by radio. After graduating in 
1912, he spent two years in X-ray re-
search at the College d' France. He served 
as an officer in the Signal Corps of the 
Russian army during the World War. 
In 1920, he joined the research staff 

of the Westinghouse Electric & Manu-
facturing Company at Pittsburgh. Since 
1929 he has been associated with the 
RCA laboratories and has been engaged 
in electronic research. 
He has contributed regularly to the 

Institute's meeting and PROCEEDINGS. 
/n 1934, the Morris Liebmann Memo-
rial Prize was presented to him. 
He received the degree of Ph.D. from 

the University of Pittsburgh in 1926 
and that of D.Sc. from the Brooklyn 
Polytechnic Institute in 1938. The In-
stitution of Electrical Engineers awarded 
him its Overseas Premium in 1938. He 
received also the American Pioneer 
Award in 1940. 

Executive Committee 

The Executive Committee met on 
December 1 and those present were 
Hamden Pratt, vice chairman; Alfred N. 
Goldsmith, editor; R. A. Heising, B. J. 
Thompson, A. F. Van Dyck, guest; and 
H. P. Westman, secretary. 
A number of items concerning the In-

stitute office and our solicitation of adver-
tising for the PROCEEDINGS were con-
sidered. 

Approval was granted of 85 applica-
tions for election to Associate, 3 for Junior, 
68 for Student, and 4 for transfer to 
Associate grades. 

A meeting of the Executive Committee 
was held on December 3 and was attended 
Haraden Pratt, vice-chairman; R. A. 

Heising, B. J. Thompson, and H. P. West-
man, secretary. 
A number of items which were con-

sidered by the Board of Directors at its 
meeting on December 3 were examined and 
in some cases recommendations made to 
the Board. 

A meeting of the Executive Committee 
was held on December 17 and was at-
tended by Haraden Pratt, vice-chairman; 
Alfred N. Goldsmith, editor; R. A. Heis-
ing, B. J. Thompson, A. F. Van Dyck, and 
H. P. Westman, secretary. 
The major business at this meeting 

was the preparation of a preliminary 
budget to be submitted to the Board of 
Directors and the development of a list 
of committee personnel, also to be dis-
tributed to the Board of Directors in 
advance of the annual meeting of that 
body. 

High-Frequency 
Radio Transmission 
Conditions 

In compliance with a request from 
competent authority, the National Bureau 
of Standards will no longer make public 
information on radio transmission condi-
tions and the ionosphere. The Institute 
will, therefore, until further notice, dis-
continue publication of the monthly re-
port, "High-Frequency Radio Transmis-
sion Conditions." 

U.R.S.I.—I.R.E. 
Meeting 

Before 1941 an annual joint meeting 
of the Institute and the American Section 
of the International Scientific Radio Union 
(U.R.S.I.) was 'held in Washington in 
April, at which papers on the more funda-
mental and scientific aspects of radio were 
presented. The meeting will not be held 
this year, as was true also last year be-
cause of the general absorption of labora-
tories and engineers in defense activities. 

Committee Meetings  

Annual Review—December 3 
Annual Review, Co-ordinating—Novem-
ber 25 

Facsimile,  Subcommittee  on  Funda-
mentals—November 28 

Membership—December 2 
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Committee and Section 
Reports 

In the answers to the recent 
questionnaire sent to the member-
ship of the Institute, the members 
indicated their preference for more 
space devoted to papers. The member-
ship approved reduction in space de-
voted to other matters, including 
information on section and commit-
tee meetings. 
Accordingly, the new policy de-

sired by the membership has been 
put into immediate force. This issue 
of the PROCEEDINGS contains one 
more paper than was originally 
planned. 

Section Meetings 

ATLANTA 

Moving-picture demonstration of the 
"RCA Television System and Electron 
Microscope," by D. A. Reesor, Radio 
Corporation of America, October 24. 

"Frequency  Modulation"  by  L.  D. 
Chesnut, General Electric Company, 
November 14. 

BALTIMORE 

"The New WBAL 50-Kilowatt Broadcast 
Transmitter", by R. N. Harmon, West-
inghouse Electric Manufacturing Com-
pany, October 17. 

"Color Television," by J. N. Dyer, Colum-
bia Broadcasting System, November 28. 

BUFFALO-NIAGARA 

"Technical Installation of the New Buf-
falo Broadcasting Stations," by R. J. 
Kingsley, WEBR-WBEN, and K. B. 
Hoffman, WKBW-WGR, November 19. 

"Great Lakes Radiotelephone," by W. O. 
Todd,  Radiomarine Corporation of 
America, December 10. 

CHICAGO 

"Color Television," by P. C. Goldmark, 
Columbia Broadcasting System, Octo-
ber 17. 

CINCINNATI 

"Stereoscopic Kodachrome Photography," 
by Elmer Nuezel, Cincinnati Gas and 
Electric Company, November 11. 

"Lightning," by K. B. McEachron, Gen-
eral Electric Company, November 11. 

CLEVELAND 

"Inductive Tuning," by B. V. K. French, 
P. R. Mallory & Company, November 
27. 

CONNECTICUT VALLEY 

"The Present Status of Television," by 
G. W. Fyler, General Electric Company, 
October 16. 

DALLAS-FORT W ORTH 

"Frequency Modulation," by R. E. Beam, 
Southern Methodist University, De-
cember 1. 

INDIANAPOLIS 

"Training of Radio Men For the United 
States Navy," by Boyd Phelps, Naval 
Training School, November 28. 

"Resistance-Tuned Oscillators," by A. J. 
Drazy, Purdue University, November 
28. 

PHILADELPHIA 

"Recent Developments in Electromagnetic 
Relays as Applied to Radio Transmit-
ters," by C. A. Packard, Struthers 
Dunn, Inc., November 6. 

"Alternate Materials in Radio," by R. L. 
Daggett and M. J. Obert, RCA Manu-
facturing Company, December 4. 

PITTSBURGH 

"W47P, Pennsylvania's First Frequency-
Modulation Station," by H. R. Kaiser, 
W WSW and W47P, November 10. 

PORTLAND 

"Some Aspects of Mercury Vapor," by 
Marion Morris, Horseheaven Mines, 
Inc., October 9. 

"A Simplified  Graphical  Method of 
Designing Impedance-Matching Net-
works," by R. M. Walker, KOMO-KJR, 
October 30. 

"Industrial Radio-Frequency Power Ap-
plications," by W. L. Atwood, Thermal 
Engineering Company, November 5. 

SAN FRANCISCO 

"Design and Adjustment of Broadcast 
Antenna Arrays," by Norman Webster, 
McClatchy Broadcasting Company, No-
vember 14. 

SEATTLE 

"Development in Radio Aids to Naviga-
tion," by P. C. Sandretto, United Air 
Lines, March 18. 

"High-Frequency Communication Over 
Short Distances in High Northern 
Latitudes," by R. J. Gleason, Pan 
American Airways, June 6. 

"Recent Advances in the Electron Theory 
of Photography," by P. M. Higgs, Uni-
versity of Washington, September 19. 

TORONTO 

"Fluorescent Lamps and Lighting Ma-
terials," by Harris Reinhardt, Hygrade-
Sylvania Corporation, December 8. 

T WIN CITIES 

"WCCO's Audio-Frequency Facilities," by 
A. G. Peck, WCCO, November 19. 

"Impedance Measurements from 1 to 100 
Megacycles," by R. F. Field, General 
Radio Company, December 3. 

W ASHINGTON 

"Design of Loop Antennas as Used On 
Aircraft," by George Levy, United Air 
Lines Transportation Corporation, De-
cember 8. 

Membership 

The following admissions or transfers 
(where indicated as such) to Associate 
grade were approved by the Board of 
Directors on December 3,1941. 

Adelman, H., 64-58 Alderton St., Forest 
Hills, L. I., N. Y. 

Ahern, W. R., Radio Transmitter En-
gineering Department, General 
Electric Co., Schenectady, N. Y. 

Alberts, W. S., 6430 McHugh Pl., Cincin-
nati, Ohio 

Angst, D. C., 1933 Illinois, Vallejo, Calif. 

Bain, L. S., 140 Cornwall Ave., Town of 
Mt. Royal, Que., Canada 

Barnard, S. B., Hygrade Sylvania Cor-
poration, Emporium, Pa. 

Berger, U. S., Bell Telephone Laboratories, 
Inc., 180 Varick St., New York, 
N. Y. 

Berry, V. W., 4554 Toland Way, Los 
Angeles, Calif. 

Blackman, C. P., 2443 N. Powhatan St., 
Arlington, Va. 

Branscome, E. 0., 5501 Cornell Ave., Chi-
cago, Ill. 

Brar, S. S., 5540 S. Woodlawn Ave., Chi-
cago, Ill. (Transfer) 

Brereton, C. H., 306 Linwood St., St. 
James, Winnipeg, Manit., Can-
ada 

Brown, C. H., 2626 Kirkham St., San 
Francisco, Calif. 

Cameron, F., 113 High St., Nelson, B. C., 
Canada 

Carment, C. A., 6906 Forest Ave., Brook-
lyn Postal Station, Cleveland, 
Ohio 

Carson, V. S., University of Connecticut, 
Storrs, Conn. (Transfer) 

Chatterjee, S. K., 91 Ballygunge Pl., Cal-
cutta, Bengal, India 

Cook, L. V., Heiland Research Corp., 1731 
Arapahoe St., Denver, Colo. 

Cowperthwait, H. S., Box 1972, Atlanta, 
Ga. (Transfer) 

Cummings, M. M., c/o Library, Naval 
Training Station, Newport, R. I. 

Davidson, R., Coast Artillery School, Fort 
Monroe, Va. 

Demeter, A. A., 34 Classic Ave., Toronto, 
Ont., Canada 

Dietz, H. G., 66-34 Selfridge St., Forest 
Hills, L. I., N. Y. 

Disbral, M., 201 Linden Blvd., Brooklyn, 
N. Y. 

Droz, G., Ste. Croix (Vaud) Suisse, Switz-
erland 

Dunlap, C. R., 1 Woodview Ave., Long 
Branch, N. J. 

Edge, J., 25 Howitt Rd., London, N.W.3, 
England 

Eitelbach, H. L., 562 Winterburn Grove, 
Grantwood, N. J. 

Felch, E. D., 3227 W. 78th St., Los 
Angeles, Calif. 

Ferrell, P., Jr., 107 E. Bayview Ave., 
Pleasantville, N. J. 

Forman, J., 137 W. 5th St., Emporium, 
Pa. 

Funderburg, J., 800 Sunset Blvd., Los 
Angeles, Calif. 

Galetz, R. J., 7830 Karlov Ave., Skokie, Ill. 



Gauss, H., 1428 Madison St., N.W., Wash-
ington, D. C. 

Gran, R. M., 6420-8th St., N.W., Wash-
ington, D. C. 

Gray, F., c/o Bell Telephone Laboratories, 
Inc., 463 West St., New York, 
N. Y. 

Grousset, W., 3234 Sinclair, Buenos Aires, 
Argentina 

Haase, W. D., Radio Station KVI, Rust 
Bldg., Tacoma, Wash. 

Hare, A. C., 3110 Esther Pl., Anacostia, 
Washington, D. C. 

Harvey, N. L., 120 E. 4th St., Emporium, 
Pa. 

Hedrick, K. M., 608 Lincoln Apartments, 
St. Paul, Minn. 

Herzog, E. F., Radio Engineering Depart-
ment, General Electric Co., Sche-
nectady, N. Y. 

Hood, J. T., 4816 N. Illinois St., Indian-
apolis, Ind. 

Hopkinson, T. W., National Youth Ad-
ministration, Manassas, Va. 

Hough, J. M., 1845 Indiana St., Vallejo, 
Calif. 

Hudson, P. K., University of Arkansas, 
Fayetteville, Ark. 

Hulst, G. D., Jr., RCA License Labora-
tory, 711 5th Ave., New York, 
N. Y. 

Hutchinson, R. W., 226 S. Prairie St., 
Charlotte, Mich. 

Johnson, H. D., 396 E. 5th St., Emporium, 
Pa. 

Jurovetzky, M., Ave. Constituyentes 4379, 
Buenos Aires, Argentina 

Kahn, J. J., 1500 N. Halsted St., Chicago, 

Contributors 

Kerstetter, D. R., 324 W. 4th St., Em-
porium, Pa. 

King, L. E., District Communication Of-
fice, Naval Operating Base, Nor-
folk, Va. 

Lambert, J., 505 W. 183rd St., New York, 
N. Y. 

Levin, P. S., 140 Shelburne St., Greenfield, 
Mass. 

Lonsdale, E. M., Electrical Engineering 
Annex, Iowa State College, Ames, 
Iowa 

Lundwall, G. F., R.F.D. 1, Hempstead, 
N. Y. 

Maas, W. C., 53S. Howard Ave., Bellevue, 
Pa. 

Macdonald, F. C., 22 Williams Lane, 
Chevy Chase, Md. 

Mayberry, H. P., Cameron, Pa. 
Mayer, H. J., 805 Bluff Ave., Sheboygan, 

Wis. 
Mayer, R. N., Civil Aeronautics Ad-

ministration, Anchorage, Alaska 
(Transfer) 

McClenon, D., 112 N. Columbus, Arling-
ton, Va. 

McKnight, C. B., 3305 Wood Ter., Los 
Angeles, Calif. 

Meadows, L. A., 5910 2nd Pl. N. W., 
Washington, D. C. 

Miller, E., West End, N. C. 
Morrison, E. D., Trade Schools, Naval 

Air Station, Jacksonville, Fla. 
Murphy, S. A., Jr., 2909 1st Ave., San 

Diego, Calif. 
Nash, A. W., 719 S. Citrus Ave., Los 

Angeles, Calif. 
Nash, F. M., 2335 Washington St., San 

Francisco, Calif. 

Ober, H. E., 947 Melaview Rd., Cleveland, 
Ohio 

Osmundsen, G. A., 410 Nelson Ave., 
Grantwood, N. J. 

Palevsky, H., Naval Ordnance Labora-
tory, Navy Yard, Washington, 
D. C. 

Quest, R., c/o J. Bosler, Smith Cove, 
Waterford, Conn. 

Randolph, F. F., 603 Prindle St., Sharon, Pa. 
Reitz, N. J., Hygrade Sylvania Corpora-

tion, Emporium, Pa. 
Rosselot, G. A., Georgia School of Tech-

nology, Atlanta, Ga. 
Rowley, P., c/o Mrs. W. Rowley, Great 

Knighton Farms, Knighton Nr. 
Alcester, Warwickshire, England 

Russell, C. C., 19991 Upper Valley Dr., 
Euclid. Ohio 

Ruth, J. A., 9 Leona St., Endicott, N. Y. 
Schuler, R. M., 3155 Alta Ave., Fresno, 

Calif. 
Sepmeyer, L. W., 1843 Fox Hills Dr., Los 

Angeles, Calif. 
Sowerby, J. M., Croft House, Salisbury, 

Wilts., England 
Stoops, C. W., 1803 Monroe St., N. W., 

Washington, D. C. 
Sturdy, E. W., 1471 Crest Dr., Los 

Angeles, Calif. 
Van Ryn, K. C., 15 Little Farms Rd., 

Larchmont, N. Y. 
Wassa, G. M., 358 Wadsworth Ave., New 

York, N. Y. 
Wehner, G. L., 57 E. Dixon Ave., Dayton 

Ohio 
Woodcock, A. H., National Research 

Council, Ottawa, Ont., Canada 

RICHARD L. CAMPBELL 

Richard L. Campbell was born on 
January 12, 1907. He received the B.S. 
degree in electrical engineering from Iowa 
State College in 1929. From then until 
January, 1930, he was employed by the 

radio department of the General Electric 
Company. From 1930 to 1933 Mr. Camp-
bell was associated with the television 
research division of the RCA Victor Com-
pany in Camden, New Jersey. In 1933 he 
went with the research department of the 
Philco Radio and Television Corporation 
in Philadelphia and was with them until 
1938. Since then, he has been with the 
Allen B. Du Mont Laboratories, Inc., as 
a transmission equipment engineer. 

Francis E. Fox was born May 22, 1909, 
in Wilmington, Delaware. He received the 
A.B. degree in 1932 at the Catholic Uni-
versity of America, and in 1934 the M.Sc. 
in physics from the same university. From 
1936 he was associated with the physics 
department at the Catholic University as 
research assistant, where he received the 
Ph.D. degree in 1937. Since 1939 Father 
Fox has been instructor in physics at the 
Catholic University, and his research has 
been chiefly in the field of ultrasonics. 

FRANCIS E. Fox 

• 

Cecil E. Haller (A'34-M'40) was born 
at Houston, Ohio, on January 15, 1908. 
He received the A.B. degree from Ohio 

54 Proceedings of the I.R.E. January, 1942 
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CECIL E. HALLER 

Wesleyan University in 1930 and the 
M.S. degree from the University of Pitts-
burgh in 1934. From 1930 to 1932 he was 
a member of the graduate student course 
at the Westinghouse Electric and Manu-
facturing Company, East  Pittsburgh, 
Pennsylvania, and from 1932 to 1934 he 
was a research engineer for the same or-
ganization. From 1934 to 1936 Mr. Haller 
was employed -as an engineer at the Ken-
Rad Corporation, Owensboro, Kentucky. 
In 1936 he joined the Research and En-
gineering Department of the RCA Manu-
facturing Co., Inc., at Harrison, New 
Jersey. 

ROBERT E. KESSLER 

Robert E. Kessler was born in East 
Orange, New Jersey, on November 13, 
1914. He attended grade and high school 
at Glen Ridge, New Jersey, and took radio 
courses in New York City. In 1932 he ob-
tained an amateur radio license and later 
a commercial broadcast-station license. In 
1936 Mr. Kessler was employed by the 
Allen B. Du Mont Laboratories, Inc., 
where he is an operator of television sta-
tions W2XVT and W2XWV and is doing 
development work on transmission equip-
ment. 

4, 

James B. Knox (A'34) was educated at 
the University of Manitoba. He was with 
the China Airways, Shanghai, China, 
from 1929 to 1930 and the Asia Electric 
Company, Shanghai, from 1933 to 1935. 
From 1935-1937 Mr. Knox was em-
ployed by Standard Telephones and 
Cables, Ltd., London, England, and from 
1937 to 1941 he was with the Radio Divi-
sion, Department of Transport, Ottawa, 
Ontario, Canada. Since 1941 he has been 

JAMES B. KNOX 

with the engineering products division of 
the RCA-Victor Company, Ltd., Mon-
treal, Canada. 

Klaus U. Landsberg studied electrical 
engineering at the Polytechnical Institutes 
of Bodenbach, Czechoslovakia, and Berlin, 
Germany, and received an E.E. degree and 
a degree in communications and high-
frequency engineering. While in Europe 
he worked as a research and development 
engineer in Dr. Korn's picture-telegraphy 
and television laboratories. In 1937 he 
practiced as a consulting engineer in New 
York and was associated with Farnsworth 
Television, Inc., as a television studio de-
velopment engineer. Directly following 
this position Mr. Landsberg was employed 
as a television development engineer and 
as an operating and maintenance engineer 
by the National Broadcasting Company, 
television department, in New York City. 
He went with Du Mont Laboratories, Pas-
saic, New Jersey, in the spring of 1940 and 
worked there as transmitter development 
engineer until his recent appointment as 
chief engineer of Television Productions, 
Inc., a subsidiary of Paramount Pictures, 
Hollywood, California. 

Edmund A. Laport (A'25-M'27) was 
born at Nashua, New Hampshire, on 
July 2, 1902. He was a commercial radio 
operator at KDKF, New York City, in 
1921, and a receiver service engineer for 
the Westinghouse Electric and Manu-
facturing Company in 1922. In 1923, he 
was a laboratory assistant in the radio 

KLAUS U. LANDSBERG 

engineering department of the General 
Electric Company, working on transmit-
ter development. From 1924 to 1932 Mr. 
Laport was a transmitter engineer with 
the Westinghouse Electrical and Manu-
facturing Company. He installed three 
high-frequency communication stations 
for the Chinese Ministry of Communica-
tions, Peking, China, in 1928, and two 50-
kilowatt broadcast stations at Rome and 
Milan, Italy, 1929-1930 and 1932. He also 
installed several broadcast stations from 
1 to 50 kilowatts in the United States and 
Canada. During 1933 and 1934 he was 
associated with Paul F. Godley as consult-
ing engineer. From 1934 to 1936 he was 

EDMUND A. LAPORT 

employed as a transmission engineer for 
Wired Radio, Inc., working on variable 
and suppressed-carrier assymmetric-side-
band transmission development. Since 
1936 he has been a section engineer, work-
ing in high-power transmitters with the 
RCA Manufacturing Company at Cam-
den, New Jersey. Mr. Laport was trans-
ferred to Montreal in December, 1938, as 
manager of the engineering and develop-
ment engineering products division of the 
RCA Victor Company, Ltd. 
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GEORGE D. ROCK 

George D. Rock was born at Bridge-
port, Connecticut on September 21, 1899. 
He received the B.Sc. degree in electrical 
engineering in 1921 from the Catholic 
University of America. From 1921 to 1924 
he was an instructor in electrical engineer-
ing at the Catholic University, receiving 
the Ph.D. degree from that University in 
1926. Mr. Rock has been associate pro-
fessor of physics at the Catholic University 
since 1927, with research mainly in ultra-
sonics. 

Robert E. Rutherford was born in San 
Jose, California. After graduation from 
high school he attended the Pacific Radio 
School. In 1924 he took a position with 
the Magnovox Company where he did de-
sign and experimental work on radio re-

© Bachrach 

ROBERT E. RUTHERFORD 

ceivers. In 1927 he joined the Farnsworth 
Television Company as a research en-
gineer. Mr. Rutherford was sent to 
England for three months where he con-
ducted tests with Baird Television, Ltd. 
Later he was sent to Berlin to experiment 
with television systems for Fernseh A.G. 
From 1937 to 1939 he was vice president 
of the Massachusetts Radio Institute. 
Since 1939 he has been associated with the 
Allen B. Du Mont Laboratories, Inc., as a 
television engineer. 

4,6 

JESSE B. SHERMAN 

Jesse B. Sherman (F28-A'32) was born 
on February 8, 1910, at New York City. 
He received the B.S. degree in electrical 
engineering from Cooper Union Night 
School of Engineering in 1933; the B.S. 
degree in electrical engineering from New 
York University, Evening Engineering Di-
vision, 1935; and the M.E.E. degree from 
Polytechnic Institute of Brooklyn, 1938. 
Mr. Sherman was service manager of the 
Colen-Gruhn Company, Inc., from 1930 to 
1935, and in the research and engineering 
department of the RCA Manufacturing 
Company, Inc., RCA Radiotron Division 
from 1935 to 1939. Since 1939 he has been 
an instructor in electrical engineering at 
The Cooper Union in New York City. 

M. A. Trainer (A'35) was born on 
July 25, 1905, at Philadelphia, Pennsyl-
vania. He received the B.S. degree in 
electrical engineering from Drexel In-
stitute in 1927. From 1927 to 1930 he was 
an assistant in Alexanderson's radio con-
sulting laboratory at the General Electric 
Company. Mr. Trainer was in the en-
gineering department of the RCA Victor 

M. A. TRAINER 

Company from 1930 to 1935; since 1935 
he has been with the RCA Manufacturing 
Company, Inc. 

Harold Alden Wheeler (A'27, M'28, 
F'35) was born at St. Paul, Minnesota, 
on May 10, 1903. He received his B.S. 
degree in physics at George Washington 
University in 1925. From 1925 to 1928 he 
took postgraduate work in the physics de-
partment of Johns Hopkins University and 
was a lecturer there from 1926 to 1927. 
From 1921 to 1922 he was an assistant in 
the Radio Section of the National Bureau 
of Standards. In 1923 Mr. Wheeler became 
an assistant to Professor Hazeltine and in 
1924 he entered the Hazeltine Corpora-
tion and the Hazeltine Service Corporation 
as an engineer. He is a member of Sigma 
Xi. 

H. A. WHEELER 
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We 'loin the nak.ion in saluting 

Columbia Broadcasting System's 
new W ABC 50l(W transmitter, 

proud ok the -Fact that DPNE.I4 

compon ents are inckuded in its 

construction. 
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I-EPT View   antenna owls 

icom the bansmittet on Columbia Island. 

* UPPER RIGVAT A potbotN of the 

WABC audio facilities showing a OMEN VI 
attenuatot kto the tishit oi the standatd vol-

ume inclicatot in sotuate insttument case \ and 
DAVEN vatiable "1" type attenuatots kin lowet 

tight panel, above \ack ftelds)• 
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on Columbia Island, 

showing six COEN vatiable "1" type at nua-

tots in the centet, lower section of the panel. 
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ua ity program  s ri u ion sys 
laboratory standards of attenuation. 

The DAVEN catalog lists the most com-
plete line of precision attenuators in the 
world; "Ladder," "T" type, "Balanced H" 
and Potentiometer networks—both variable 
and fired types —as well as more than 80 
models of Laboratory Test Equipment. 

Where performance is the pri mary con-
sideration, special heavy duty type switches 
for program switching and industrial appli-
cations, are available. 

Many of your needs can be filled by DAVEN 
standard components. However, due to the 
specialized nature of high fidelity audio 
equipment, a large number of requirements 
are encountered where stock units may not 
be suitable. If you have such a problem, 

our engineeri 

THE DAVEN COMPANY 
158 SUMMIT STREET  •  NE WARK, NE W JERSEY 



Aerovox workers are doing 

their bit these days for the 
defense of Democracy at 
home and abroad. The giant 

plant proudly displays its 
Defense Plant signs. And 
note below the new line of 
extra-heavy-duty  transmit-
ting capacitors now made 
generally available. 

NEW BEDFORD,A. MASS., 
U. S.  

Sales Offices in AU 
Principal Cities 

CONDENSERS 
ton thE. ARMED FORCES 

and on the HOME FRONT 

• Humming day and night at an all-time peak even 
for an organization that has met many peak de-
mands during the past two decades, Aerovox is now 
meeting the condenser requirements of the armed 
forces both here and abroad, without neglecting the 
essential needs of the home radio front. 

And in making generally available those extra-heavy-
duty or transmitting capacitor types heretofore made 
only to order, Aerovox has vastly expanded its con-
tribution to the National Defense effort. Thus the 
essential requirements of communications-equipment 
builder, research laboratory, military and naval tech-
nicians, set manufacturer, serviceman and amateur-
experimenter, are being met. Aerovox is proud indeed 
to do its part in safeguarding Democracy on all fronts. 

• Submit your specs. or requirements for quotations. 

Engineering collaboration is yours for the asking. Be sure 
you have our I   catalogs in your working library — 
otherwise write for same. 

CORPORATION 

In Canada 
AEROVOX CANADA LTD. 

Hamilton, Ont. 
EXPORT: 100 Varick St., N. Y. 

Cable 'ARLAB' 

Proceedings of rho I. R. E.  January, 2 , ' 2 



Science Shoulders Arms 

What science in the past has done for peacetime America, needs 

no recounting. 

But science today tackles a grimmer job. Research now must 

give America at war the fighting weapons she needs. 

That's why Westinghouse Research Engineers—working in one 
of the world's leading laboratories—are devoting their full time 

to the nation's defense requirements. We wish we could tell you 

about some of the remarkable things they've done already. 

We shall—later. 

Proceedings ol the I. R. E.  January, 1942 

Westinghouse 
WESTI NGH OUSE ELECTRIC & 

MANUFACTURI NG CO. 

Pittsburgh, Pa. 



MORE IRC RESISTORS ARE 

USED IN DEFENSE EQUIPMENT, 

BOTH HERE AND ABROAD, 

THAN ANY OTHER MAKE 

10 AL RESIStA 

WRITE FOR THESE RESISTOR' 
ENGINEERING DATA BULLETINS 

(Plit.ase ask jot them by number) 

BULLETIN I —Two sizes"Metallized" and Wire 
Wound Volume Controls and Potentiometers up 
to 2 watts and 20 megohms resistance. 

BULLETIN II — Metallized-type Resistors: 4 insu-
lated sizes,  1/2-, 1. and 2-watts; 10 high fre-
quency sizes, M. to 150-watts; 4 ultra-high range 
sizes; 5 high voltage and high frequency power 
sizes, 5 suppressor sizes. 

BULLETIN III —Insulated Wire Wound Resis-
tors: 7 sizes from 1/2- to 20-watts. 

BULLETIN IV— Power and Precision Wire 
Wound Resistors: 53 sizes of fixed and adjustable 
power types from 10- to 200-watts; in a wide 
variety of shapes, mountings, etc. Inductive and 
non-inductive. 14 Precision Wire Wound Resistor 
types to as close as 1/10 of 1% accuracy. 
BULLETIN IV-B — Sealed Precision Voltmeter 
Multipliers, 2 sizes, 1.0 megohm to 5 megohms 
resistance and 1 kilovolt to 5 kilovolts. Impervious 
to moisture. 

BULLETIN V — Attenuators: Unique new IRC 
molded motor commutator type 20-step Attenu-
ator; also, conventional 30-step units. Ladder, 
potentiometer or bridge T. 

BULLETIN VI — Quick heat dissipating all. 
metal Rheostats, 25- and 50-watts. 2-watt Wire 
Wound Potentiometer and Rheostat. 

COMPANY, 401 N. Broad St., Philadelphia, Pa. 
I V Proceedtngs of the I. R. E.  January, 1942 



POWER STATION .!'1 : 

INSTALLATIONS 

NOWHERE is dependable 
service of greater impor-
tance than in power sta-

tion equipment. Failure of a single component 
may cause interruptions over wide areas. 

Certain larger sizes of the well-known current-
limiting resistors made by Schweitzer and 
Conrad, Inc., have cores made of Lava for 
supporting the resistance wire. This insulat-
ing material, which has proved its value for 
over fifty years, has been chosen in this mod-
ern equipment because no other insulating 

material provides the necessary heat-resisting 
qualities required in the special units for 
high, capacity applications. 

Lava combines this valuable property with 
high electrical resistance at room and ele-
vated temperatures. 

The manufacturing cost of Lava is reasonable, 
both in small and production quantities. 

Mechanical and electrical properties of Lava 
are well defined and engineering data will be 
gladly sent on request 

FROM CERAMIC HEADQUARIVA‘S 

Trade Mark Reg. U. R. Pat. Oft. 

AMERICAN LAVA CORPORATION • CHATTANOOGA • TENNESSEE 
CHICAGO • CLEVELAND • NEW YORK • ST LOUIS • LOS ANGELES • SAN FRANCISCO • BOSTON • PHILADELPHIA • WASHINGTON, D C 

Proceedings of She I. R. E.  JaHuary, 1942 



OHMITE Marches with the 
Nation! The enlarged factory facilities are 
operating day and night with increased 
momentum to produce more units, more 
quickly for Industry and the Armed Forces. 

The design and construction of Ohmite 
Rheostats, Resistors, Chokes and Tap 
Switches insure utmost dependability. The 
wide variety and extensive range of types 
and sizes in stock or special units make it 
easier to answer your exact needs. Ohmite 
engineers are glad to help you. 

Write on  company 

letterhead for complete 

helpful 96-page Cata-

log  and  Engineering 

Manual No. 40. 

OHMITE MANUFACTURING CO. 

4860  Flournoy  St.  Chicago, U.S.A. 

/e4xtunv% 
©HMIITE 

Biliey 
CRYSTAL UNITS 

BLILEY precision-made Crystal Units are supplied for all frequencies 
from 20Kc. to 30Mc. Catalog G-12 
contains complete information. 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PA.. 

There IS a Reason WHY 
Manufacturers SPECIFY "PRECISION" 

INDUSTRIAL AND LABORATORY TESTERS 

SERIES 844J All-Purpose AC-DC 
INDUSTRIAL CIRCUIT TESTER 

Continuing the well-known PRECISION Series 844 . . . 34 range 
AC-DC volt-ohm-decibel-milliammeter-ammeter  and the Series "3" 
(8 range AC Ammeter) in one compact portable unit. 

• 6 AC and 6 DC voltage ranges 
to 6000 volts at 1000 ohms/volt. 
• 6 DC current ranges from 0 
to 1.2 MA to 0-12 AMPERES. 
• 4 internally powered resist-
ance ranges to 10 MEGOHMS. 
• 6 DB ranges from-12 to 4-70 
DB. • 6 output ranges to 6000 
volts. • 8 AC Ammeter ranges from 0-300 MA to 0-60 AMPERES. 
Series 8444 (illustrated) in hardwood portable case with dual tool 
compartment and removable hinged cover—complete with batteries 
and extra high voltage test leads. Net Price  S48.95 

SERIES 834 
31 Range AC-DC Compact Circuit Tester 

6000 Volts • 600MA • 5 Megohms • 70 DB 
6 AC-6 DC -6 output voltage ranges to 6000 volts • 4 current ranges 
to 600 MA • 3 self-contained resistance ranges to 5 megs • 6 DB 
ranges to +70 DB • All  multipliers and wire wound bobbins • 
Size 7" a 4'  x 3" overall. 
An incomparable value at only $19.95 net. 

W RITE FOR "PRECISION'. CATALOG 42-I describing more than 40 radio and electrical test 
equipment models . . . Tube Testers, Combination Tube and Set Testers, AC-DC Multi-range 
Testers, Vacuum Tube Multi-Range- Testers, Signal Generators, Industrial Circuit Testers. etc. 

VAERI MI ENI 113 JIMEN 
INDUSTRIAL• LABORATORY • RADIO • TELEVISION 

PRECISI ON APPARATUS C O MPAN Y • 647 KEN T AVENUE • BR OC KLYN, N. Y. 

Export Division: 453 B.-aad w ay, Na w York City, U.S.A. Cable Address: M orhanex 



California, Nevada 
HERB BECKER, 1406 S. Grand Ave., 
Los Angeles, Cal. 

N.Y., N.J., Penn., Md., Del., Dist. 
of Col., Maine, N.H., R.I., Conn., 

Mass. 
ADOLPH SCH WARTZ, 262 Grayson 
Place, Teaneck, New Jersey. 

Vacuum Tube 

PERFORMANCE begins on 
Eimac's own MACHINES 

Eimac tubes are different. Different in their outstandingly 
superior performance capabilities.., the shapes of the 
bulbs... the rugged design and the materials used. They are 
the only tubes on the market which are unconditionally 
guaranteed against premature failures which result from gas 

released internally. 
So exacting are the production requirements for Eimac 

tubes that the tools are specially made in the Eimac fac-
tory. The glass lathes ... the vacuum pumps. . . there's 
many a "gadget" so unusual that procurement from a -con-
ventional tool maker is impossible. 

Follow the leaders to 

El MAC REPRESENTATIVES 

Wash., Ore., Idaho, Mont. 
GENERAL SALES CO., Verner 0. 
Jensen,  2605-07  Second  Ave., 
Seattle, Wash. 

Colo., Wyo., New Mexico, 
Arizona, Utah 

RICHARD A. HYDE, 4253 Quitman 
St., Denver, Colo. 

Chicago, Illinois, Wisconsin 

G. G. RYAN, 549 W. Washington 
Blvd., Chicago, Ill. 

N. Caro., S. Caro., Georgia, Tenn., 
Flor., Ala., Miss. 

JAMES MILLAR, 316 Ninth St. N.E., 
Atlanta, Georgia. 

Export Agents: Frazer & Co., Ltd., 301 Clay Street, San Francisco 

Texas, La., Okla., Ark. 
J. EARL SMITH, 2821 Live Oak St., 
Dallas, Texas. 

Ohio, Mich., Ky., Ind., Minn., Mo., 
Kan., Neb., Iowa 

PEEL SALES ENGINEERING CO., 
E. R. Peel, 154 E. Erie St., Chicago, 
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THE ONLY 

RESISTORS W OUND WITH 

CERAMIC INSULATED'. WIRE 
'Flexible.. Moisture-proof. ..1000 C. 

heat-proof .. withstands high voltage 

THESE RESISTORS DO THE 
JOBS THAT COULDN'T BE DONE 
... and the reason is this: Whereas other resistors are space-wound with bare 

wire, Sprague Koolohms are layer-wound with wire that is insulated before it is 

wound with a special ceramic material. This insulation is so flexible it can be wound 

on small forms without cracking. It i. so moisture-proof it excels in any moisture 

test —so heat-proof that the insulation is actually applied to the wire at 1000 C. 

—and so good as an insulator that it has an insulation strength of 400 volts per 

mil. at 350 F. Small wonder then, that Koolohms outlast, outperform old style re-

sistors where shorted windings cause trouble, where bare wires must be protected 

by outside coatings of brittle cements and enamels and where heat and moisture 

represent problems that have been only partially solved. Koolohms are smaller, 

sturdier, better protected. They are more accurate —and they stay accurate because 

windings will not short. Your inquiry will bring the complete Koolohm Catalog, 

samples and engineering information. 

Koolohm wire with sec-
tion of ceramic insulation 
removed to show contrast 
between bare and in-
sulated wire. 

UNEXCELLED FOR DEFENSE APPLICATIONS 
Not only are Koolohm Resistors approved 

for much defense equipment but, in various 

instances, Koolohm insulated layer-wound 

construction and design features have 

enabled defense manufacturers to meet 
heretofore "impossible" specifications. 

Koolohms mean  higher resistance in 

SPR A G UE 
RESISTOR 

less space; larger, sturdier wire sizes; 

truly non-inductive units, even at 50 to 
100 Mc.; faster heat dissipation; easier 

mounting; greater humidity protection; 
closer accuracy; and an absence of 

brittle cements or enamels that so often 
chip, peel or crack. 

SPE CI ALTI E S  C O M P A N Y 
DIVISION  • NORTH ADAMS, MASS. 

lL 
GREATEST WIRE W OUND RESISTOR 

DEVEL OP ME NT  IN  20  YEARS 

Current Literature 
New books of interest to engi-

neers in radio and allied fields— 
from the publishers' announcements. 
A copy of each book marked with 

an asterisk (*) has been submitted 
to the Editors for possible review 
in a future issue of the Proceedings 
of the I.R.E. 

• THE RADIO AMATEUR'S HANDBOOK 
(1942), Nineteenth Edition). BY HEAD-
QUARTERS STAFF OF THE AMERICAN RADIO 
RELAY LEAGUE. West Hartford: American 
Radio Relay League, Inc., 1941. 450+94 
catalog +8 index papers, illustrated, 64 X94 
inches. Paper: $1.00; buckram: $2.50. 
Spanish edition, $1.50. 

• THEORY OF GASEOUS CONDUCTION 
AND ELECTRONICS. BY FREDERICK A. 
MAXFIELD, U. S. Naval Ordnance Labora-
tory, and R. RALPH BENEDICT, Assistant 
Professor of Electrical Engineering, Uni-
versity of Wisconsin. New York: McGraw-
Hill Book Company, 1941. xiv+465+17 
index pages, illustrated, 6X9 inches, cloth. 
$4.50. 

• STANDARD HANDBOOK FOR ELECTRI-
CAL ENGINEERS (Seventh Edition). BY 
A. E. KNOWLTON, Editor-in-Chief. New 
York: McGraw-Hill Book Company, Au-
gust, 1941. xi+2278+25 index pages, il-
lustrated, 6X9 inches, cloth. $8.00. 

• SAFETY RULES FOR THE INSTALLA. 
TION AND MAINTENANCE OF ELECTRIC 
SUPPLYANDCOMMUNICATIONLINES. Wash-
ington: Superintendent of Documents, 
September, 1941. xix+177 pages, illus-
trated, 5 X 74 inches, cloth. 65 cents. 

* RHOMBIC ANTENNA DESIGN. BY A. E. 
HARPER, Bell Telephone Laboratories. 
New York: D. Van Nostrand Company, 
Inc., 1941. xvi+108+3 index pages, illus-
trated, 81 XII inches, cloth. $4.00. 

RADIO TROUBLESHOOTER'S HAND-
BOOK (Second Edition). BY ALFRED A. 
GHIRARDI, Technical Consultant. New 
York: Radio & Technical Publishing Com-
pany, 1941. x+704+4 index pages, illus-
trated, 84 X104 inches, cloth. $3.50. 

PRINCIPLES OF ELECTRON TUBES. BY 
HERBERT J. REICH, Professor of Electrical 
Engineering, University of Illinois. New 
York: McGraw-Hill Book Company, 1941. 
xv+379+13 index pages, illustrated, 6X9 
inches, cloth. $3.50. 

* GASEOUS CONDUCTORS: Theory and 
Engineering Applications. BY JAMES Du: 
Lox COBINE, Assistant Professor of Electri-
cal Engineering, Graduate School of Engi-
neering, Harvard University. New York: 
McGraw-Hill Book Company, 1941. xix 
+593+12 index pages, illustrated, 6X9 
inches, cloth. $5.50. 

* FUNDAMENTALS OF VACUUM TUBES 
(Second Edition). BY AUSTIN V. EAST-
MAN, Associate Professor of Electrical En-
gineering, University of Washington. New 
York: McGraw-Hill Book Company, 1941. 
xx +569 +13 index pages, illustrated, 6X9 
inches, cloth. $4.50. 

*ELECTRONICS. BY JACOB MILLMAN 
and SAMUEL SEELY, Department of Elec-
trical Engineering, College of the City of 
New York. New York: McGraw-Hill Book 
Company, 1941. xxi +694 +27 index pages, 
illustrated, 6X9 inches, cloth. $5.00. 

FIRST RADIO BOOK FOR BOYS. BY 
ALFRED MORGAN. New York: D. Apple-
ton-Century Company, 1941. ix +187+4 
index pages, illustrated, 5 X 74 inches, 
cloth. $2.00. 
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FilVI STATION 
with this 6-

Some of the FM Pioneers Who 

Have Already Bought G-E Monitors 

John
L. Booth Broadcasting Co.. Detroit, Mich. 

Capitol Broadcasting Co., Inc.. Schenectady. N.Y. 
Columbia Broadcasting System, New York. N. Y., 

(Five units; three of these for  "S-T"  service)  and Chicago. Ill.  
Don Lee Broadcasting System. Los Angeles. Cal. 
FM Radio Broadcasting Co., Inc.. New York. N.Y. 
General Electric Co., Schenectady. N. Y. 

(Three units; one of these for "S-T" service. 
and one (or television sound) 

Gordon Gray. Winston-Salem. N. C. 
The Journal Co.. Milwaukee. Wis. 
Johan Lagercrantz. Stockholm. Sweden 
Royal Miller. Sacramento. Cal. 
Midland Broadcasting Co., Kansas City. Mo. 
Moody Bible Institute, Chicago. Ill. 
News Synclic•te Co., New York, N. Y. 
Radio Engineering Laboratories. Long Island City. 

San Diego City Schools. San Diego, Cal. N. Y. 
Standard Broadcasting Co.. Los Angeles. Cal. 

(Two units; one of these for "S-T" service) 

University of Illinois. Urbana, Ill. Walker-Downing Radio Corporation, Pittsburgh. 

WF IL Broadcasting Corporation. Philadelphia. Pa. Pa. 

Yankee Network. Paxton. Mass., and Mt. Wash-WGN. Inc., Chicago. III. 

ington. N. H. 

y-2.4 
.z. FOR ALL 

FM Broadcast Transmitters 
250 to 50.000 Watts 

YOUR 

Relay Transmitters 

; 

ASY 
nit 

Approved by the F. C. C. 
With this new monitor, General Electric has 
removed one more hurdle from your path to 
FM. You will find this self-contained, multi-
purpose instrument one of the most valuable 
units in your FM station. It provides: 

Direct reading of center-frequency deviation 

(with or without modulation) 

Direct reading of modulation percentage - 

Instant calibration against a precision crystal 

standard 

Adjustable modulation-limit flasher 

High fidelity output for audio monitor t 

All tubes and crystal units can be reached easily 
through the top of the cabinet. Removing 
chassis assembly from cabinet allows complete 

access to all panels and wiring. 

In FM, more precise measuring techniques are 
a necessity. This instrument is custom-built for 
your requirements. Order your monitor now 
through the nearest G-E office, or direct from 
General Electric, Radio and Television Depart-
ment, Schenectady, N. Y. 
tProvision has been made for remote console operation. 

FM NEEDS 

Receivers for Home  FM Police and Emergency 
and "S•T" Service 

GENERAL 

Transmitters and Receivers 

. 114 

Tubes 

ELECTRIC 
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• T ERMIN AL * 
consolidates radio parts 

and equipment depart-

ments at 

85 CORTLANDT ST. 

New York City 

F OR BETTER SERVICE to our 
patrons, Terminal  Radio  Corp. 
three years ago opened its doors at 
68 West 45th Street. This move 
placed us in a better position to ren-
der quick and more convenient serv-
ice to a greater number of custom-
ers in different parts of the city. 
The present emergency now dic-
tates another move to maintain our 
record of service to the radio in-
dustry. 

* F OR BETTER SERVICE. . . we 
are now consolidating the stocks of 

* radio parts and equipment from our 
two stores into new and larger guar-

* ters at 85 Cortlandt St. 

A FTER JANUARY 1st, at our 
new address-12,000 square feet on 
one floor—we will maintain New 
York's largest and most dependable 
source of supply in the radio field. 
By concentrating our stock under 
one roof we hope to expedite de-
liveries of essential merchandise un-
der present conditions, and cooper-
ate in the National Effort. 

You are cordially invited to visit 
our new home which will incor-
porate all the latest innovations in 
radio merchandising. 

•  For radio sets and records 
only, we will continue at 70 West 

* 45th Street, in a completely mod-
ernized store under the capable 

* management of Jack Haizen. 

New York's Largest 

Exclusive Radio Supply 

House 

TERMINAL 
RA DI O CORPORATI ON 

*  *  *  *  *  *  *  * 

POSITIONS OPEN 
The following positions of interest to I.R.E. members have been reported as open on 
December 20. Make your application in writing and address to the company mentioned 
or to 

Box No.   

PROCEEDINGS of the I.R.E., 330 West 42nd Street, New York, N.Y. 

Please be sure that the envelope carries your name and address 

TRANSMITTING-TUBE ENGINEER 

3Ve have a permanent position with a real 
opportunity for a man with these qualifications: 
complete knowledge of all phases df advanced 
engineering—research, design, and methods— 
on all types of transmitting and electronic radio 
tubes. All correspondence will be treated con-
fidentially. Taylor Tubes, Inc., 2341 Wabansia 
Avenue. Chicago. Ill. 

OUTSIDE PLANT ENGINEERS 

The War Department has openings for civil-
ian radio engineers and telephone engineers 
with practical experience on outside plant con-
struction for work on fixed-station installation 
and maintenance. Salaries range from $2000 to 
$4800 per year, depending on experience and 
other qualifications.  For additional informa-
tion, apply to the Signal Officer of the Corps 
Area in which you live. 

ELECTRICAL ENGINEER 
Electrical engineers for design and develop-

ment of electrical products such as battery 
chargers, transformers, electrical instruments, 
thermostats, electronic devices. Heyer Products 
Company, Inc., Belleville, N.J. 

MONITORING OFFICERS 

The U. S. Civil Service Commission will 
receive applications until January 30 for the 
positions of Radio Monitoring Officer and As-
sistant Radio Monitoring Officer, paying $3200 
and $2600 per year, respectively. Information 
and application blanks are obtainable from the 
Secretary of Board of U. S. Civil Service Ex-
aminers at any first- or second-class post office 
or from the Commission at Washington. 

•  ELECTRICAL ENGINEERS 

Several electrical engineers are needed for 
the physics section of the research division of 
an eastern manufacturer (non-radio). Candi-
dates must have a thorough grounding in elec-
trical engineering with specialization in com-
munications and electronics. Mathematical train! 
ing desirable but not necessary. Box 268. 

TRANSMITTER COMPONENTS DESIGNERS 

Radio engineers wanted for development and 
design of radio-transmitter components and di-
rectional antenna equipment. Transmitter ex-
perience desirable although not necessary. Per-
manent positions. Describe education, experi-

Attention 
Employers . . . 

ence, aptitudes, and state salary desired. Recent 
photo requested. E. F. Johnson Company, Wa-
seca, Minn. 

VACUUM-TUBE AND RECEIVER 

ENGINEERS 

1) Vacuum-Tube Development Engineer hav-
ing experience on design and manufacture of 
high-power transmitting vacuum tubes. 
2) Engineer with experience on ultra high• 

frequency, especially on transmitter develop. 
ment. 
3) Receiver Design Engineer familiar with 

aircraft receivers, preferably including ultra 
high frequencies. Experience with cathode ray 
tubes and circuits desirable. 
4) Receiver Engineer experienced medium-

band communication receivers of high gain. Ex-
perience with cathode ray tubes and circuits 
desirable. 
Only American citizens need apply. Interna-

tional Telephone and Radio Laboratories, 67 
Broad St., New York, N.Y. 

RECEIVER ENGINEERS 
A midwestern manufacturer has openings for 

2 broadcast receiver engineers for permanent 
work on commercial and military a-m and f-m 
receivers. Box 259. 

TUBE ENGINEERS 
We have openings for engineers with experi-

ence in radio-tube manufacturing along any of 
the following lines: 
(a) Research, (b) Design and development, (c) 
Product Engineering (development of factory 
processes, equipment, and materials, (d) Pro-
duction engineering. 
Apply by letter to Hygrade Sylvania Corpora-
tion, 500 Fifth Ave., New York, N.Y., atten-
tion: H. C. Richardson. 

ELECTRICAL AND MECHANICAL 
ENGINEERS 

midwestern manufacturer of radio and me-
chanical equipment needs a number of electrical 
and mechanical engineers, juniors and seniors, 
for laboratory development work. Applicants for 
the former should have education and experience 
in radio or electronic applications. For the lat-
ter, education in machine design is required with 
experience on typewriter, calculating machine, 
or radio mechanical design desirable. Good per-
sonality and executive ability are prerequisites. 
Apply in writing to Engineering Department, 
The Crosley Corporation, Cincinnati, Ohio. 

Announcements for "Positions Open" are accepted without charge from employers 
offering salaried employment of engineering grade to I.RE. members. Please supply 
complete information and indicate which details should be treated as confidential. 
Address: "POSITIONS OPEN," Institute of Radio Engineers, 330 West 42nd Street, 
New York, N.Y. 

The Institute reserves the right to refuse any announcement without giving 
a reason for the refusal. 
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USE COPPER 

WISELY 

-do not waste 

COPPER . . . vital in a thousand ways to 
defense ... must be used wisely. For example, 
using OVERSIZE copper conductors to 
obtain MECHANICAL strength is wasteful 
of precious material. The steel core of the 
Copperweld wire provides mechanical 
strength in Copperweld or Copperweld-cop-
per Conductors. The copper need only do the 
job that copper does best—conduct electricity. 
In cooperation with the Office of Pro-

duction Management's copper conservation 
program, and to maintain production and 
employment during the present period of 

copper scarcity, many manufacturers are turn-
ing to Copperweld (copper-covered steel) 
wire as a copper-saving alternate. 

Copperweld wire is made in two electrical 
grades —30% or 40% of the conductivity 

of a copper wire of the same diameter — 
and can be supplied hard-drawn, medium 

hard-drawn, and annealed. 
Copperweld wire may also be used for 

many mechanical and non-electrical applica-
tions where brass or bronze wires have been 

employed. 
Would you like to have more informa-

tion about Copperweld to determine whether 
you can employ its copper-saving possibili-
ties in the production of radio parts and 
sets? If so just drop us a line and mention 
the diameter of the wire which you may 
be seeking. 

C O P P E R W EL D  A N D  C O P P E R W E L D - C O P P E R 

COPPER WIRE 4 
100 % COPPER 

C O N D U C T O R S  C O N S E R V E  C O P P I R 

COPPER WELD WIRE 
30';',", COPPER (OR 40 %) 

COPPER WELD  STEEL  CO MPA NY 

Q1a.up.044 Pa. 

COPPER • BRONZE • COPPER WELD RODS, WIRE, AND  STRAND 
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FOR TRIPLETT CUSTOMERS ONLY 
Long before the state of emergency 

was proclaimed, the Triplett Company 
was getting ready to do its part in 
building our national security. We knew 
that we must meet important new re-
sponsibilities. At the same time, we felt 
keenly our continuing obligations to our 
customers—old friends with whom we 
have had happy business relations 
through many years. 

We doubled—then tripled—our out-
put to fill the needs of our old accounts. 
We added to our production facilities 
... hired many more men ... are work-
ing extra shifts at time-and-a-half. 

All this has not been enough. We 
have been called on to produce more 
and more for national defense. We are 
proud of the job we are doing to help 
meet the emergency, but it is difficult 
not to be able to serve our old friends 
equally as well. In the face of these 
conditions, the Triplett Company has 
adopted these policies "for the dura-
tion." 

FIRST: We will continue to serve you by 
our service to our mutual responsibility 
—the national emergency. 

SECOND: We will continue to do every-
thing we can to fill orders from our regu-
lar customers, even though some deliver-
ies may be temporarily delayed. No busi-
ness from new accounts has been nor 
will be accepted until after our old 
friends have been served, except where 
priorities make it impossible to do so. 

THIRD: Our engineering and research de-
partments will continue to work on the 
development of superior equipment and 
improved methods to serve you still bet-
ter when we can resume normal opera-
tions. 

The present emergency is incidental 
and as we work towards the future, we 
will do our best to continue to merit 
your confidence and loyalty. 

President 
The Triplett Electrical Instrument Company 

Manufacturers of Precision Electrical 
Instruments 

FLUCTUATING 
LINE VOLTAGE 
Aim 
1141111r 

Ask For 

BULLETIN 
KCV-74 

Positions Open 

CONSTANT 
IIIIPI VOLTAGE r-

" I   

— 1 

W hether its I VA for an instru ment or 10 KVA 
for a production line —here's constant, stable volt-

age for you at all times, even though the line voltage varies as much as 
thirty percent. 
They are fully automatic and instantaneous In operation —have no moving 
parts —require no maintenance —and are self-protecting against  short 
circuit. 
You can build a SOLA CONSTANT VOLTAGE TRANSFOR MER Into your 
product, or incorporate it in your production line or laboratory and know 
that every test will be made under identical line conditions.  Compact — 
economical. Standard designs are available, or units can be built to your 
special specifications 

SOLA ELECTRIC COMPANY, 2525 Clybourn Ave., Chicago, 

S O L A 

INDEX 

DISPLAY ADVERTISERS 

A 
Aerovox Corporation  ii 

American Lava Corporation   
American Telephone & Telegraph Co. ... xv 

Amperes Electronic Products, Inc. .. Cover II 

Bliley Electric Company  vi 

Copperweld Steel Company  xi 

Cornell-Dubilier Electric Corp. . Cover HI 

International Resistance Company  iv 

0 

Ohmite Manufacturing Company   

Precision Apparatus Company ....  vi 

RCA Manufacturing Company, Inc. 

Sole Electric Company   
Daven Company  i Sprague Specialties Company 

Eitel-McCullough, Inc.    vii  Terminal Radio Corporation 

Triplett Electric Instrument Co. 

General Electric Company   ix 
General Radio Company 

1,1 

Cover IV  Westinghouse Electric & Manufacturing Co. iii 
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Engineers and Engineering Executives 

you are invited 

HOTEL CO M MODORE 

SESSIONS 

Morning, afternoon, and evening. The 

Show remains open until the start of 

the evening session on all three days. 

I. R. E. 
1942 

WINTER CONVENTION 
AND 

RADIO ENGINEERING 
SHOW 

NEW YORK 
JANUARY  12-14 

*  *  *  *  *  * 

INSTITUTE OF RADIO ENGINEERS 

330 WEST 42nd STREET 

NE W YORK, NE W YORK 
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TEAR ALONG DO
TTED LINE 

HE membership roster for 

the 1942 Year Book is now 

being compiled from the 

"Year Book Record Cards" that 

were mailed to all members (ex-

cept Students) early in the Fall. If 

you haven't returned yours or if you 

have changed your address or pro-

fessional affiliation without inform-

ing us of the details, you should fill 

out and mail the attached coupon 

promptly. 

The lists will close on January 20, 

but corrections will be received on 

an "if possible" basis for several 

weeks thereafter. 

• 

The 1942 Year Book, the first since 

1937, will be distributed in April to 

"paid 1942" members of all grades ex-

cept Student. It will list the names, ad-

dresses, and professional affiliations of 

all members (except Students) in good 

standing on January 20. 

Address: 

INSTITUTE OF RADIO 
ENGINEERS 

330 WEST 42ND STREET 
NE W YORK, N.Y. 
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ervice to the nation in peace and war" 

Following the last World War a bronze and marble group was placed 
in the lobby of the American Telephone and Telegraph Company build-

ing in New York. On it are inscribed these words, "Service to the 
nation in peace and war." 

They are more than words. They are the very spirit of the entire 
Bell System organization. In these stirring days, we pledge ourselves 
again to the service of the nation . . . so that "Government of the 
people, by the people, for the people, shall not perish from the earth." 

BELL  TELEP H O NE  SYSTE M 
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From the Earth to the Moon—that's the 
distance that the 80,000,000 metal 
tubes manufactured since 1935 would 
reach, placed fifteen feet apartl 

Proved by ACCEPTANCE...Proved by PERFORMANCE! 

AV 
ACCEPTANCEI In a little over six years. 
more than 80,000,000—yes, 80 million— 
RCA Metal Receiving Tubes have been 
used by the Industry in over 300 elec-
tronic applications. And today, RCA is 
turning out more metal tubes than ever 
before—for 1941 production outstripped 
all previous records! 
ACCEPTANCE! Of the six largest-selling 
receiving tube types throughout the en-
tire Industry. ... four are metal types — 

means MODERN! 
two-thirds of the total! 
PERFOR MANCE —and performance alone 

Is the cause of such leadership. Metal 
tubes permit the designer to turn out 
better equipment... more efficient, more 
dependable! For six years, every impor-
tant receiving-tube improve-
ment has appeared first in 
metal types—and many ad-
vantages still appear only in 
metal types! 

12 REASONS WHY 
METAL Tubes are BETTER Tubes! 

• Complete Self-Shielding 
• G   Flexibility in Design 
• Greater Precision and Uniformity 
• Lower Interelectrode Capacitances 
• No Envelope Emission Trouble. 
• Freedom of Placement on Chassis 
• Higher Getter Efficiency 
• Simple. Efficient Grounding 
• Single-ended Construction 
• Large Pin-Contact Area 
• Lower Socket Costs 
• %fore Rugged Construction 

RCA Manufacturing Company, Inc., Camden, Ne w Jersey 
A Service of Ihe Radio Corporation of Arriarke • In Canada: RCA Victor Company, ltd., Montreal 
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M on October 18. CBS demonstrated. Among other 

miss. nc,;gnificant fact which many a radio engineer has long 

recognized capacitors are ow/ all alike. 

On this man-made island — salt water site of WABC's giant new 
50,000. watt transmitter—Cornell-Dubilier capacitors are installed. 
Federal Telegraph Company, responsible for the production of 
the transmitter for Columbia, might have chosen some other 

capacitor — they all louk alike. But the new \X'ABC was to be, 
and is in fact, -the perfect voice of radio 

And thirty-two years of capacitor specialization — the oldest ex-

perience in ele industry — have given to Cornell-Dubilier capaci-
tors a quality . . an extra dependability that can't be matched. 

Thus the familiar slogan, -there are more Cornell-Dubilier capaci-
tors in use today than any other make' is more significant now 
than before To a distinguished company of satisfied users has 
been added the name of the neu. WABC! Cornell-Dubilier Electric 
Corporation, t012 Hamilton Blvd., South Plainfield, N. J. 

()time, ii ir 
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Fig. I. The Obsolete Type 
222-M Condenser 
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By appropriately shaping the rotor and stator plates, 
these precision condensers can be adapted to use in a 
large number of direct-reading instruments. Plates A 
(Fig. 6) are standard semi-circular plates; stator B is 
the compensating plate used to increase the capacitance 
per turn at the ends of the calibration; stator C is used 
in the low capacitance stack to decrease zero capacitance. 
Pair D give a logarithmic scale over a three-to-one range 
when used in a tuned oscillator; pair E will give a linear 
scale for frequency, and a semi-logarithmic scale for 
capacitance. Plates F are used in a beat-frequency oscil-
lator to give a scale covering three decades. 

The fundamental mechanical and electrical problems 
in making condensers direct reading having been solved, 
it is now possible to design a condenser which can be 
made direct reading in almost any one of the many 
related quantities which the condenser may control in 
a circuit or an in.-till/m.1w 

GENERAL RADIO COM 

MAKING CONDENIcia 
DIRECT READING 

M A VARIABLE .11R CONDENSER with semi-circular rotor and stator  plates 
ean be made to have remarkable linearity over about 80 per cent of a half 

turn. When used with calibration curves or charts, the accuracy obtained is so 
high that for many years manufacturers were discouraged from attempting to 
make condensers direct reading. 

This phase of condenser development is now over. Most new condensers have 
direct-reading scales calibrated to an accuracy as good as was formerly obtained 
with calibration curves. 

The first step in making a condenser direct reading was taken with the now 
obsolete Type 222 (Fig. 1). The worm was cut with double threads giving 12IA 
turns for 14 turn of the rotor. The number of plates were adjusted to make 
the capacitance increment per turn about 100 p.p.f. Ten turns (or 80 per cent 
of the available motion) would then correspond to 1,000  f. 

The scale markings were chosen to indicate capacitance taken out of the 
circuit. Adjusting plates were provided to make the capacitance per turn exactly 
100 tp.f (Fig. 2). Since the stator plates were supported at three points, the 
stator adjusting plate could be warped to make up for irregularities in the main 
stack. 

ith this construction it was possible to adjust the condenser so that it was 
direct reading in capacitance difference from the zero mark with an accuracy 
of 1 p.p.f or 0.1 %, whichever was greater. 

The Type 722 Precision Condenser (Fig. 3) was developed as an improve-
ment on the Type 222. Most of the changes . . . hall bearings . . . integral-cut 
worm . . . cast-aluminum frame ... worm shaft at right angles to the panel ... 
have no immediate bearing on the direct-reading problem. 

In the Type 722-D the function of the drum and dial are transposed (Fig. 4). 
Twenty-five turns of the worm produce a half turn of the rotor plates. The dial 
is divided into 250 divisions; the usable portion of the condenser then has 5,000 
divisions; one p.p.f covers 5 divisions on the 1,000 µpi condenser. 

The stator plate at the right of the stack (Fig. 5) is used to make the capaci-
tance per turn exactly 50 v.p.f. Since only two stator supports are used, this plate 
can be tipped to correct for slight irregularities in the main stack. As this plate 
cannot be warped, -a special stator plate, cut out in the middle, is used at the 
left end of the stack (Fig. 4). This plate increases the capacitance per turn at 
the ends. 

Zero capacitance is altered by bending the flat plate which extends from the 
frame. By means of these various adjustments the large section of this condenser 
is made direct reading in total capacitance to 1 p.µ.f or 0.1 % between 100  if 
and 1,000  f. A small section is provided also. This has one-tenth the capaci-
tance of the larger. It is adjusted by similar means to lie direct reading in total 
capacitance to 0.2 114J1 or 0.1 % between 25 and 100 v.p.f. 

Fig. 6. Some typical con-
denser plate shapes 
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