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Commumca'hons centers 'continuve
functioning at peak efficiency with

AMPEREX

WATER AND AIR COOLED
TRANSMITTING TUBES

One of the |orges+ news go+hermg organizations, oper-
ating twenty-six transmitters in various parts of the world,
reports highly sohsfodory results under the severest
conditions of actual service.

In the latter half of 1939, Amperex HF3000's and

ZB3200's were installed in several of their transmitters. A M [g] [E E} EX

After many other types of air-cooled and water-cooled
tubes had been tried and found wanting, these Amperex HF-3000 o [B-3200
HF3000 and ZB3200 tubes, which had been in continuous

operation, were adopted for the entire system.

More than 100 types of Amperex Transmitting and
Rectifying Tubes are available for rapid delivery.
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Mobile Television Equipment’

R. L. CAMPBELL}, NONMEMBER, LR.E., R. E. KESSLER{, NONMEMBER, LR.E.,
R.E. RUTHERFORD?, NONMEMBER, LR.E., AND K. U. LANDSBERGf, ASSOCIATE, LR.E.

Summary—While portabilityis 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 porlable 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 othér operating facilities.

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, dificulties 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 clectrical features
used in the equipment.

One application of this equipment would be for
broadcast-studio operation. The economical factors in-

I[N THE course of the development of television

* Decimal classification: R583. Original manuscript received by
the Institute, June 23, 1941. Presented, Summer Convention, De-
troit, Michigan, June 23, 1941,

t Allen B. DuMont Laboratories, Inc., Passaic, New Jersey.

January, 1942

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 difh-
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

Proceedings of the I.R.E. : 1




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.

Camera power supplics
Electronic view finders
View-finder power supplics
Camera controls

Shading generators (for use in conjunction with
iconoscope cameras)

Camera monitors

Camera-monitor power supplies

Camera-control power supplies

Line amplifier

Line-amplifier power supply

Line monitor

1 Line-monitor power supply

[T S SO SR

—_—a e DO N BNO

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,

Proceedings of the I.R.E.
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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 Akcley 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
Dullont synchronous wave (Fig. 2). The generator
can be operated on any of the standards shown in

TABLE |
Lines per Frame Fields per Second Interlace
441° 60 2:1
525+ 60 2:1
625* 30 2:1
343¢ 120 2:1
4411 120 2381

* Experimental standards.

t Federal Communications Commission, (49851) *Television Report.” May 3,
1941; also Donald G. Fink, National Television Systems Committee, Document
No. 50SL200M1.

t 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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g ]

Vertical Blanking Time
«OSVee 07V

S T N

Ao Mocinonsa/ Seanning /nkoree/
Ve Vertlco! Jroarng /nberve/

H Sync Pulse Interval ¢
K7

6H Min | ol
g Mex. L

05N ~!‘i- -“—.o-:t

o~ H Blasking

-
-
B d
on
Horirontel Syach Pulse Doters

.

Lapanded View of Section CLD of Vertical Polse Intervel

I
PR i

Hicresecond Scalr
Lapecded View O-I,

Fig. 2—DuMont synchronizing signal.
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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

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, whercby 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.!

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

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

CAMERA

OSCILLOGRAPH
FREQUENCY DIVIDER = |
F— == CAMERA CONTROL

COMPOSITE SYNCH -1

- [~=—fCAMERA VIEW FINDER

COMPOSITE BLANKING —

MASTER SWEEPS

POWER SUPPLY

Synch

— —

LINE AMPLIFIER

"‘ -] SHADING GENERATOR

LINE MOMITOR ,"W CAMERA MONITOR

b To Tromsmtter

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 CAMERA CONTROL

p#———=To View Finder
VIDEO PRE-AMP [T BLANMING AMP  FI——"To Comero Montor
i ——38 —

‘ Yo Line

Monifor
i

LINE AWMPLIFIER

- voco ampLiF1EA [

CAMERA CAMEAA CONTROL ‘l
L —To View Finder %o Tansmiter
[t secrmmli = =t T

f

[;DI NG 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.




VIDEO SysTEM

Fig. § 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 cquipment (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 cquipment. In the camera

arc the video pre-anmiplifier (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 6} 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,
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iconoscope rim-light control, and the monitor and
view-finder video supply circuits. The camera cable
terminates in the rear of this unit, and allsignals 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 toa meter on
the front pancl. 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 amplificr 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
scparate regulated supply to which the camera power
and view-finder power units are interlocked.

VIEw FINDER

In motion-picture productjon, 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.

clectronic view finder, the television cameraman has an
instantancously 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 clectronic 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 Maitchell
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

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 clectrical focus, similar to
those employed in television reccivers.) 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 MoONITOR

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
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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 MonNiTor

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.
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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
64X 281 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 11
STATISTICS, MOBILE CAMERA EQUIPMENT

Unit Weight Case Size Power | No.
Pounds Inches Watts Tubes
Synchronizing generator 34 8 X20 X16 —_ 25
Blanking-sweep power unit 43 8X20X16 280 22
Camera . | 45 10 X20 X174 — 13
Camera power supply §5* 84 X174 X15 225 19
Electronic view finder 144 61 X18 X8 | — 7
View-finder power supply 42% 83 X173 X10 230 8
Camera control 28 820 X16 — 19
Shading generator 43 8 X20X16 | 180 20
Camera monitor 12 6} X18 X8 | — 7
Camera-monitor power supply 42 82 X174 X10 205 8
Camera-control power supply 49* ‘ 84 X174 X10 345 11
Line amplifier 31 8 X20 X16 — 16
Line-amplifier power supply 49* 83 X174 X10 325 11
Line monitor 124 6318 X8 — 7
Line-monitor power supply 59% 84 X174 X16 230 16
559.5 | 2025 209
Equipment dolly 115 |
Total weight ‘ 1 [

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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A Simple Television Demonstration Systeme
JESSE B. SHERMANTY, ASSOCIATE, I.R.E.

Summary— The circuits and apparatusof a simple 150-line televi-
sion_demonstration system are described. The equipment employs the
small type 1847 iconoscope as camera tube, remotely operated from the
transmslier control panel. The Iransmitter is connected by cable to
recesving equipment of which the principal stem is a modified conven-
tional osn'l?ascope. Some photographs taken of pictures on the kinescope
screen are shown,

1t is shown that the low-frequency characteristic of a video cable
driven from an amplifier plate circust differs considerably from the
characlersstic of the usual interstage coupling.

I. INTRODUCTION
&_ SMALL 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

6J7, . 6AC7
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to apparatus for genceral demonstration and school-

laboratory use, the total cost of which is less than the

cost of a commercial-type iconoscope alone.

1. 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 supplics,
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.

! 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 f)ther 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

Jankary, 1942
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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.
I11. CAMERA

The camera is housed in a steel box 5X6X9 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 1 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

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

Sherman : Simple Television Demonstration System
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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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Fig. 5.—Schematic wiring diagram of power-supply chassis.

locked to the 60-cycle power supply, while the hori-
zontal oscillator is locked to a stable 9-kilocycle oscil-
lator. In using high-vacuum tubes as scanning oscil-
lators and discharge tubes, it usually turns out that
the vertical return time occupies perhaps ten horizon-
tal lines, which in the absence of vertical iconoscope
blanking results in the generation of signals causing

line appears on the screen. If the horizontal and verti-
cal oscillators have no rigid frequency relation to each
other, this line will occupy different, random positions
in successive frames. However, if a small pulse from
the horizontal oscillator is injected into the vertical
oscillator, the vertical discharge can be made to occur
at the same time as a horizontal discharge, even
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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
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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. PowEgr-SuprpLy 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 pewer-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.

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 shie Id
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 28 X21X13} 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 fect 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 7X9X2 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
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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 |

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 /1 + (X./R)?

where

for various ratios of R, to R,, and for a constant-voltage
source. In Fig. 16 a 75-ohm cable is also assumed, and
two values of capacitance chosen. The dotted curves
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In the usual video interstage coupling,
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ratio of R. to Ry (Ry = 75 ohms).
This is brought out by Figs. 15 and 16. In Fig. 16 a
75-ohm cable is assumed with a coupling capacitance
of 20 microfarads, and the relative response is plotted
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Fig. 16—Comparison of low-frequency response: constant-voltage
source (dotted curves) and R./R;=>50 (solid curves).

give the relative response for a constant-voltage source,
and the solid curves for R./R;=50.

AppPENDIX 11

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 immediately intro-
duces a fundamental 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. TRAINERY, ASSOCIATE, L.R.E.

Summary— 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
Jeatures 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 waltts,

ONSIDERABLE field experience with icono-
(g 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
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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, Jul); 2, 1941. Presented, Summer Convention, De-
troit, Michigan, June 25, 1941.

t RCA %VI

anufacturing 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.
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Fig. 1—Schematic diagram of orthicon 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-
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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—Camera control, power-supply, shaping and pulse units.
The 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 camera.

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 blanking 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.

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 clectrical 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 ConNTrOL 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
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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

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—Orthicon 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 vidco 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-



18 Proceedings of the 1.R.E,

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 4 is used, the video signal is amplified by

Fig. 9—Camera 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

TN YT
29900

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

January

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

PowgRr-SuprLy 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 s 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 cach 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 puise 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 S-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 signal 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. HALLERY}, MEMBER, I.R.E.,

Summary—A discussion and review are given of the service and
design requirements of transmilting tubes intended for application in
the ultra-high-freguency spectrum. These requirements fall in two
classes: (1) 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, chosice of anode material, choice
of a suitable mechanical structure, elc, .

A description of the novel features of construction and the operation

of three new ultra-high frequency transmilting tubes are also given.,
T'wo of these tubes are the RCA-815 and RCA-829 which are push-pull
beam tetrodes while the third tube, the RCA-826, is a triode. Some
precautions necessary for oblaining salisfactory operation with these
tubes are given.

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.

1 C. E. Fay and A, L. Samuel, “Vacuum tubes for generating
frequencies above one hundred megacycles,” Proc. LLR.E., vol. 23,
pp. 199-212; March, 1935.

* 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.

. ? 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 usc 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 cff-
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 cither 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.5® This

*A. K. Wing, Jr., “A push-pull ultra-high frequency beam
tetrode,” RCA Rev., vol. 4, pp. 62—?2: July, 193%. 4 Y

* W. G. Wagener, “The requirements of a new ultra-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,

CA. V. Haeff, “Effect of electron transit time on efficiency of a
power amplifier,” RCA Rev., vol. 4, pp. 114-122; July, 1939.

January, 1942
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implies close-spaced electrodes and, consequently, high
dissipation densities per unit area.’

(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. L 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 carton.to:!

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 getter'?1? 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

0], D. Fast, “Zirconium,” Foole-Prints, vol. 10, pp. 1-24;
December, 1937.

u J. D. Fast, “Zirconium as a getter,” Foole-Prints, vol. 14, pp.
22-30; June, 1940.

1 EA. Lederer, “Recent advances in barium getter technique,”
RCA Rev., vol. 4, pp. 310-318; January, 1940,

WE. 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.

Fizg. 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.

Tue Turee NEw ULTrA-HiGu-FREQUENCY
TRrRANSMITTING 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
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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-832 (a push-pull
tetrode)® led to the choice of a structure similar in
many ways to the RCA-832 hut 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 requircments. This
change led to several interesting mechanical and elec-
trical problems in the design of the RCA-829.

In the carly developmental tubes, considerable en-
ergy interchange appeared between the plate circuit
and grid circuit, so much that operation of the tube as
a power amplificr 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 ncutralization 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 betwecen the control-grid circuit and the
plate circuit and prevented stable amplifier operation.
The magnitude of this serics inductance was very much
reduced by cross-connecting the screens of cach 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 ot 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 appraximately 180 ohms. The input-circuit capaci-
tance is approximately 15§ micromicrofarads. This

Y4 The writer is indebted to Mr. Bernard Salzberg, formerly of
the RCA Manufacturing Company (Harrison, N. J.%, now of the
Nava! 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
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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 proporticnally 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
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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-s29 | RCA-815 | RCA-826
Class C Telephony | |
(Carrier Condition) ‘ |
Direct plate voltage 425 325 800 volts
Direct screen voltage 225 200 volts
Dvirect grid voltage -175 —-175 - 500 volts
Direct plate current 212 125 95 milllamperes
Direct grid current | 15 6 40 milliamperes
Plate input | 90 40 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 228 ‘ 200 volts
Direct grid voltage —-178 -175 —$00 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 watte
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 wasap-
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.

January

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 amatcur 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 1.) 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
clectrode 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 trans_mitting 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-8206

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 1.)

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
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 shiclds are mounted
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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 cither 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. LAPORTY, MEMBER, LR.E., AND JAMES B. KNOX,] ASSOCIATE, I.R.E.

Summary—A briefdescriptionis given of a new?75 -megacycle cone-
of-silence marker radiating system developed for use on the Canadian
asrways. This system prmmit’ s a sharper marker beam and reduces
orienlation error over previous marker radiating systems.

CCUMULATED civil-aviation experience with
A 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,
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able to reduce these deficiencies by further development
of theradiatirig 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 collaboratjve 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 stereoscopically? 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 §-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- sEEY

inch outside diameter. To brace
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Fig. 1—Vertical radiation patterns for Department of

Transport cone-of-silence marker antenna.

the turnstiles mutually and me- T j
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 stercoscope the followin
method may be used by most people witﬁ
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- Fig. 2—Stercoscopic views of conc-of-silence marker antenna and counterpoise erected and

vantage of stereo detail can be obtained.

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
underncath. A diagram of the feeder circuits is shown

—

woe
| (e2}m) :
)
2 (80
i
3
3L */2033'
»
T L=l [
ity | A B
=== u 7 :
i 2#8(128) WRE r
SPACED 1.06%
Ze = 330w
95°
comrerrose —el F-f
;9o
[ STUB
9s* 7 I'L
stwe / /1 5 ' . "’mfb‘
\
‘ . N
=3 - T ~
[ o —t N 140w
re—180 BALSHELDED
TL

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 cach 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 ina method by which, after construction of thera-
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 clongation 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
clongation 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—Measure'd 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 adjacent turnstile radiators
undoubtedly 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 LLiquid Column as a
Variable Resonator’
FRANCIS E. FOXt, NONMEMBER, LR.E., AND GEORGE D. ROCKf, NONMEMBER, LR.E.

Summary—The equivalent electrical constants of a combination
resonator consisting of a piezoelectric X-cul quartz plate and @ closely
coupled liguid column have been experimentally investigated. The
equivalent electrical conslants of such a resonalor 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.

T 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
t;hel;:;xtitute, April 25, 1941; revised manuscript received, October

. fC:;tholic University of America, Washington, D. C.

t F. E. Fox, “Ultrasonic interferometry for liquid media,” Phys.
Rev., vol. 52, pp. 973-981; November, 1937.
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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 cffect 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

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

1J. C. Hubbard, “The acoustic resonator interferometer: 11,

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.
Ly, Cy, and R, are the clectrical constants of this pickup
circuit, in which R, is the total resistance of the cir-
cuit, including that of the thermogalvanometer. When
C, is adjusted so that the L,C; circuit has the same
resonant frequency as that of the mechanical resonator
the curve of the current (4) plotted against the fre-
quency, rises as the frequency approaches the resonant

frequency of the L,C; 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 L,C, circuit. When the two resonant
frequencies coincide, the crevasse divides the L,C
resonance curve symmetrically. One usually discusses
instead the current (i or 42) the ratio ¢ =4/7, where I is
the maximum current at resonance in the L,C; circuit
without the mechanical resonator. One needs only to
determine the minimum current ratio (i.e., d») which
occurs at the bottom of the crevasse, the sharpness of
resonance Q of the mechanical resonator (Q=g¢!
where ¢ =8/ =RCw,, § being the usual logarithmic
decrement and wo=27f, where f, 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 L,, ), and R,
are already known.

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

R = a,,.[(l = dm)wozclle]_l (1)
C = ¢(Rwp)™! = (CRwy)™? (2)
L = (Cuwe?)™, 3)

The determination of ¢ or Q is the only one that
presents difficulty. If great accuracy is desired the best
method consists in plotting ¢ or ¢? against the fre-
quency in the region of the crevasse. The width an
of the crevasse between two equal values of o2 is then
taken from the crevasse curve for various measure-
ments of ¢? not too near the minimum. Then

Af 1=
6= "o p/ . (42)

The plot of Af against \/(s2—0,2)(1—0?)~1 (ab-
scissa) should be a straight line of slope M which de-
termines ¢. Thus

¢ P. Vigoreux, “Quartz Oscillators,” His Majesty's Stationary
Office, Longon, England, 1939.
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¢ = Mdmfo—l. (-"J)

One may read dircctly from the crevasse curve the fre-
quency difference (4f) for 02 = (14042 /2 without plot-
ting the straight line. This is M, since the radical re-
duces to 1 at this value of ¢2. When making many
readings it is convenient to determine first the 0,2, and
then measure experimentally the frequency change
that occurs between the two values of ¢2=(1 +on?)/2
on opposite sides of the crevasse. This was the method
used in all but a few measurements.

APPARATUS

An X-cut 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 ilm was also sputtered on the plate face show-
ing through the opening, but a wax coating about a
millimeter wide was placed around the cdge of the
quartz before sputtering. This was afterwards re-
moved, leaving an insulating space between the edges

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 yiclding the equivalent electrical constants of
the quartz plate correspondingly simplified.

The oscillator to which the L,C, circuit is very
loosely coupled has been described previously. A mas-
ter oscillator with clectrical 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 ¢. 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\WYV. 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 L;C, 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. L, was determined
from observations of the resonant {requencies obtained
with different values of C, as read on the precision air
condenser. This gives also the distributed capacitance
C, of the coil and associated apparatus. The sharpness
of resonance was measured in the usual manner in
which the frequency is varied to cause o2 to fall to one
half. This yields the total resistance in the L,C; cir-
cuit.

(2) The effect of switching the quartz plate and in-
terferometer into the circuit was next noted. The ca-
pacitance of the clectrodes of the quartz plate and the
distributed capacitance caused by the interferometer
and its leads, together with any effective series resist-
ance due to lcakage across insulating gaps, are purely
electrical constants that may be determined at fre-
quencics removed from those at which there is any
resonant vibration of the quartz. The constants were
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determined by noting the capacitance change of the
precision condenser needed to restore resonance in the
L,C; 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
L,C, 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 L,( 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 L,C) circuit occurs at the bottom of
the crevasse; that is, the resonant frequency of the
quartz and the L,C; circuit coincide. The current ob-
served for various settings of the vernier dial enable
one to plot o? versus frequency over the crevasse. The
curve is given in Fig. 2. From this, the frequency width
(Af) of the crevasse for any value of ¢% is measured and
¢ determined as indicated above. This, in conjunction
with ¢, and the L,C; and R, 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 L,C; 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 .. This
first dip occurs when the liquid column is approxi-
mately A/4, where \ is the wavelength in water of the
sound generated by the vibrating quartz. Successive
dips occur at intervals of A/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
o? plotted against f. This is analyzed as in (4) to obtain
o.? and ¢, 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 L,C; 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

1 1
2500 5

Fig. 2—Crevasse curves for quartz plate, and for combination

L

! ! 1 L
-10 -5 +/0ke freguency

resonator with various column lengths. 4, mounted plate; B, C,

and D are for the 1st, 10th, and 20th dips, respectively.

megacycles. Having set the reflector for minimum
current (om?) the frequency was again varied and the
crevasse plotted. Again ¢, and ¢ 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 ¢ at these latter frequencies.

(6) A series of determinations of ¢, and ¢ were made
at 2.5 megacycles with the reflector set in the 10, 20,
. .. 200th dip. It was seen that the sharpness of reso-
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4= 107

T 1 1
SHARPNESS OF RESONANGCE VERSUS COLLMN LEMGTH

&

frequency 25mce

sharpness of resonance

N | dip number
0 50 100 50 200

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
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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

1 T T T
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/0'-/0Ja/i;n: *R
2= *arods

8
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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
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Fig. 5—Variation of inductance (L), capacitance (C), resistance
(R), and sharpness of resonance (Q) as a function of frequency.
Reﬂec.tor set tor the 100th dip.

frequencies removed from the resonant freduency (fo)
for the unloaded resonator. This variation is given in
Fig. 5. No attempt was made to measure the sharpness
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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 ¢;
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 Af against
V(=) (1—o?) should, if the assumption is en-
tirely valid, be a straight line passing through the
origin. Actually the points plotted 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., 62> (1+0x?)/3). It seems well to
point out that the method of determining ¢ by measur-
ing the crevasse width at ¢? = (1+0n’) /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 Il contain the data, observed and
calculated, from which curves of Figs. 3, 4, and 5 are

TABLE 1
NoOTE: R X10% =ohms; L =henrys; C X107%# =farads

Dip

Frequency
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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 11
NoTE: R X10*=ohms; L =henrys; C X10~%=farads

Frequency f Dip

2 \ \ |
Megacycles| Number | ™ ex10* | Q R c L
2.5045 0.09 | 2.39 418 7.55 | 20.1 0.20
2.5000 1 | 0.1 2.40 417 | 9.19 | 16.6 0.24
2.5000 1 0.10 | 2.30 435 8.55 | 17.2 | 0.24
2.5000 10 | 0.1 | 1.49 670 | 9.19 | 10.3 0.39
2.5000 20 0.12 | 1.14 876 | 9.79 7.4 0.55
2.5000 50 0.10 | 0.53% | 1880 | 8.55 | 4.0 1.02
2.5000 50 0.10 | 0.54 1860 | 8.55 | 4.0 1.01
2.5000 70 0.12 | 0.47 2125 9.79 | 3.06 | 1.32
2.5000 100 0.12 | 0.33 | 3200 | 9.79 | 2.16 | 1.88
2.5000 150 | 0.15 | 0.26 | 3910 |11.70 | 1.39 | 2.92
2.5000 150 | 0.15 | 0.27 3730 | 11.70 | 1.46 | 2.78
33000 | 200 | 019 | 0127 | 3680 |14:30 | 1.21 | 3.35

* Measured at values of ¢? other than (1 +am?)/2.

drawn, together with that of other measurements made
during this investigation. Values of ¢ are given as de-
termined by Af ¢?=(1+40s?/2; where other values
were used, either as a check or because of the difficulty
of measuring crevasse widths when ¢,? 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

Megacycles| Number ! Im? ¢ X108 Q ’ R l c L
2.4 1 | o0.225 | 3.89 257 15.4 | 16.75 0.26
2.5 ' 1 011 | 2,40 a7 9,19 16.6 0.24
2.5 1 0.10 2.30 435 r 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 | 17.63 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 | 0.38 | 2630 | 25.5 | 0.9 | 4.4S
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 ¢ other than (1+am? /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. WHEELERY, FELLOW, LR.E.

Summary—Two frequency-modulated signals received in the same
Jrequency band produce an output from the receiver which is simply a
combination of both signals and a beat note whose Sfrequency 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 %y the use of a limiter in the receiver.
The beatnote inlerference remains as background noise Sluctuating
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 inlerference 1s readily tested
by oscilloscope patterns. These show the normal operation with or with-
th a limiter, and also the effects of departure from the normal, such as

tuning.

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 frequency

The amount of common-channel crosstalk inter-
ference depends on whether the frequency detector
has a lincar 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.
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Fig. l—Frequencx-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.

34

Proceedings of the I.R.E,

The relation betwcen 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 dircctly the cffect of any frequency-selec-
tive filters following 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 Ey and E,” for
the desired and undesired signals. The corresponding
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frequency-modulated-carrier signals are E. and E.".
The composite signal which reaches the receiver is Es.
This may or may not be subjected to the action of a
carrier-amplitude limiter before reaching the detector
as E;. 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 E,, including both the desired signal
and the interference from the undesired signal.

11. IDEALIZED BALANCED FREQUENCY
DETECTORS

An ideal detector for frequency modulation is one
which not only reproduces thé 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).! 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
+ f., 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.
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(e) Differential output of
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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-
car 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,

w'
o %"
'
[ ! .
L '
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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.

I11. THE AMPLITUDE AND FRrREQUENCY Mobu-
LATION IN THE RESULTANT oF Two
SIGNALS SUPERIMPOSED?

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 s 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 w