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Recording and Reproducing Standards®

LYNNE C. SMEBY{, MEMBER, I.R.E.

Summary—The general absence of standards for transcription re-
cording and reproducing for broadcasting has resulted in the use of as

many as 10 equalizing nelworks by some stations. The National Asso-
ciation of Broadcasters has co-ordinated the work of a special commillee,
consisting of representatives of interesied organizations, which has
prepared and adopted a series of standards covering recording char-
acteristics, mechanical dimensions of turntables, records, and grooves;
rotational speeds, and minimum data for labels.

reproducing transcriptions with uniform results

has become of much concern to broadcast sta-
tions. Quite a number of different characteristics have
been used by the various manufacturers of transcrip-
tions, recording equipment, and reproducing equip-
ment. Most of these characteristics produce good re-
sults by themselves with the proper playback equal-
ization. The Engineering Committee of the National
Association of Broadcasters early last year sent a ques-
tionnaire on recording to all stations. Among other
interesting data obtained was the fact that some sta-
tions use as many as ten different equalizers. The NAB
Engineering Committee recommended to its Board of
Directors that NAB co-ordinate the work of a com-
mittee to be formed for the purpose of establishing
recording and reproducing standards. The Board of
Directors approved of this procedure and early in
June, 1941, Neville Miller, President of the NAB, in-
vited all companies interested in recording to a meeting
to be held on June 26, 1941, in Detroit. Some twenty
companies responded by sending representatives to the
meeting. The Recording and Reproducing Standards
Committee was formed at that time. The committee
drew up a set of rules and regulations for conduct of
the work. The committee also at that time formulated
a list of the items that should be considered for stand-
ardization. In order to supervise and expedite the
work, an Executive Committee of five members was
appointed.

The Executive Committee was instructed to recom-
mend standards on items that require little or no spe-
cial study. It also was instructed to reccommend a line
of procedure for standardization on all other items. Be-
tween the first and second meetings of the main com-
mittee the Executive Committee held numerous meet-
ings and made good progress with its work. The Execu-
tive Committce reported to the main committee at a
meeting hetd in New York City on October 23, 1941.
The main committee with minor changes adopted as
standards or recommended good engineering practice
sixteen of the items proposed by the Exccutive Com-
mittee. The committee decided to divide the remain-

&.S broadcasting has developed, the problem of

* Decimal classification: 621.385.97 X R550. Original manu-
script received b the Institute, May 11, 1942,

t Chairman, Recording and Reproducing Standards Committee;
formerly, Director of Engineering, National Association of Broad-
casting, Washington, D. C.

August, 1942

ing items between four subcommittees for further
study. Since October 23 the Executive Committee and
the subcommittees have held numerous meetings and
have made good progress. The war effort, however, has
seriously decreased the speed of the work. It was felt
by the committee that it should not delay applica-
tion of the sixteen standards already adopted, and
therefore they are being submitted to the industry at
this time.

There are presented below the sixteen standards as
already adopted by NAB. The membership of the
Recording and Reproducing Standards Committee,
totaling 77 individuals, is practically all inclusive so
far as those who are interested in recording is con-
cerned. It is of interest to note that the Research
Council of the Academy of Motion Picture Arts and
Sciences, and the Canadian Broadcasting Corporation
have exhibited interest in this project to the extent
that they are members of the committee. Also of inter-
est is the fact that the British Broadcasting Corpora-
tion and the Amalgamated Wireless (Australasia),
Limited, of Australia have requested information on
the project.

The Recording and Reproducing Standards Com-
mittee is working to complete additional standards. A
supplement to the attached standards will be issued
at such time as additions are made. The members of
the committee have exhibited a fine spirit of co-opera-
tion, and many of them have devoted a considerable
amount of time to the project. Several companies, which
have standards of their own that produce excellent
results, have modified their practices to adhere to the
standards at considerable expense to themselves. This
spirit of co-operation has produced excellent results
so far, and undoubtedly will lead to further standard-
ization of remaining items still under study by the
committee.

TECHNICAL STANDARDS AND GOOD ENGINEERING Prac-
TICES OF THE NATIONAL ASSOCIATION OF BROAD-
CASTERS FOR ELECTRICAL TRANSCRIPTIONS AND
RECORDINGS FOR RADIO BROADCASTING

1. OUuTER DIAMETERS

It shall be standard that the outer record diameter
fall within the limits specified in the following

table:
Finished Records
Nominal (Pressings or Lacquer Orig-
Instantaneous) inals for Process
16" 15-15/16" £3/32" 17 1/4"+£1/16"
12” 11 7/8"+1/32" 13 1/4" £1/16"
10” 97/8"+1/32" 111/4" Minimum

Proceedings of the I.R.E. 355
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. 1—Recording characteristics for vertical transcriptions. Stylus

velocity—{requency. Tolerance, +2 decibels.

. CENTER HOLE DIAMETER

It shall be standard that the record center hole
diameter be 0.286” +0.001".

. TURNTABLE CENTER PIN DIAMETER

It shall be standard that the diameter of the center
pin of a transcription turntable be 0.2835”
+0.0005".

. OUTERMOST GROOVE DIAMETER

It shall be standard that the diameter of the outer-
most groove be within the limits specified in the
following table:

16"—outside start 15 1/2" +1/16"

16"—inside start 15 9/16” maximum

12"—outside start 11 1/2* +0.020"

10*—outside start 9 1/2” +0.020”

. INNERMOST GROOVE DIAMETER

It shall be standard that the diameter of the inner-
most groove shall be not less than 7 1/2” in the case
of 33 1/3 revolution-per-minute records and not
less than 3 3/4” in the case of 78-revolution-per-
minute records.

. UNIFORMITY OF GROOVE SPACING

It shall be standard that the recorded grooves on a
record shall be so spaced that at no point (except
the concentric stopping groove) does the pitch de-
viate from the mean groove pitch by more than §
per cent.

. StorPING GROOVE

[t shall be standard that at the termination of the
recording groove spiral a locked concentric stop-
ping groove shall be provided.

. NUMBER OF BLANK GROOVES

It shall be standard that the number of blank
grooves before modulation occurs shall be not less
than two complete revolutions nor more than four,
exclusive of any starting spiral.

. RECORDING TURNTABLE SPEED (Revolutions per

Minute)
It shall be standard that the mean speed of the
recording turntable be either 33 1/3 or 78.26 rev-
olutions per minute +0.5 per cent.

10.

11,

12.

13.

14.

15.

16.

RELATIVE STYLUS VELOCITY

Fig.

(db) —=

Wow Facrtor

It shall be standard that the maximum instantane-
ous deviation from the mean speed of the record-
ing turntable, when making the recording, shall
not exceed 0.1 per cent of the mean speed.

RECORD WaRrpr

It shall be standard that the maximum departure
of the surface of a record from a true plane because
of warping shall not be in excess of 1/16”.

MINIMUM LABEL INFORMATION

It shall be standard for the label of a recording to
contain at least the following technical informa-
tion:

V)

. Type of recording—vertical or lateral

b. Speed—78.26 or 33 1/3

c. Direction of feed (start)—outside-in or inside-
out

d. Recording frequency characteristic

FREQUENCY CHARACTERISTIC FOR VERTICAL RE-
CORDING

It shall be standard that the recorded frequency
characteristic on vertically recorded records be as
shown in Fig. 1.

FREQUENCY CHARACTERISTIC FOR LATERAL RE-
CORDING

It shall be standard that the recorded frequency
characteristic on laterally recorded records be as
shown in Fig. 2.

STARTING SPIRAL GROOVES PER INCH

[t shall be good engincering practice in recordings
having a starting spiral to use a rate of eight
grooves per inch for the spiral. (Tolerance +2
grooves per inch.)

RECORDING GROOVES PER INCH

[t shall be good engineering practice to use num-
bers of grooves per inch in recording as follows:
96, 104, 112, 120, 128, 136, ctc., in increments of
cight. (Tolerance + 2 grooves per inch.)
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Aircraft Antennas’
GEORGE L. HALLER{, MEMBER, LR.E.

Summary—This paper is a review of the general problem of air-
craft antennas vsed for communication in the frequency range of 2 to
20 megacycles. Fixed antennas, shunt-fed wing antennas, and trailing-
wire antennas are discussed and several typical curves of resistance
and reactance are included. The icing problem is considered. The char-
acteristics of several types of wire suitable for aircraft antenna are com-
pared. Also included is a description of the army model-airplane set-
up for measuring radiating characteristics of various types of antennas
under flight conditions.
1HIS PAPER is intended as a general discussion
} of aircraft radio communication antennas for
L .

use on frequencies between 2 and 20 megacycles.
There are several differences between the demands of
radio communication for military aircraft and those
of civil aircraft. In the first place, military communica-
tion requires a coverage of a wide band of frequencies
and any frequency may be required to be shifted in
flight while antennas on civil aircraft are limited to
several fixed frequencies. Then the military aircraft
may require two or more communications systems
operating simultaneously while the civil aircraft is
usually limited to a single communication system. It
is thought if the problems are discussed from a military
viewpoint most of the problems of civil aircraft will

also be considered.

In any antenna system, we must consider the actual
antenna wire and possible wire rigging. The wire must
be strong and low radio-frequency resistance is espe-
cially important due to the low values of radiation
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Fig. 1—Radio-frequency resistance of wires suitable for
aircraft antennas.

resistance obtained. Tests of different alloys and types
of wire have shown that a copper-clad steel wire has
considerable advantage over other types. Curves shown
in Fig. 1 indicate resistance of wire physically suitable
for aircraft antennas. A 30 per cent direct-current-con-
ductivity wire has practically the same resistance

* Decimal classification: R525. Original manuscript received by
the Institute, October 15, 1941, Presented, Fifteenth Annual Con-
vention, Boston, Massachusetts, June 28, 1940.

t War Department, Aircraft Radio Laboratory, Wright Field,
Dayton, Ohio.

August, 1942

Proceedings of the I.R.E.

above 2 megacycles as pure copper wire and has a
tensile strength of 180 pounds in a diameter of 0.040
inch. A phosphor-bronze wire of 42 strands of No. 32
wire much used for aircraft antenna has a resistance of
three times th.at of the copper-clad wire at 10 mega-
cycles.

In regard to rigging of antenna wire, possible icing
must be consiclered.! Antenna wires can and do pick

| e .

Fig. 2—Icing of aircraft antenna wires.

up heavy ice loads under some conditions which cause
breakage and consequent loss of antenna. It is to be
expected that a wire which is rigged transversely or
ata right angle to the wind stream will pick up moreice
than one which . is rigged longitudinally or with the
wind stream. Son 1e methods have been devised to heat
antenna wires elesctrically but considerable power must
be used. Experimeents have been conducted in an icing
wind tunnel on the relation between the angle of the
wire to the wind stream and the ice load picked up.
The results of tlae work done to date indicate that
there is a critical. .angle of icing below which the ice
formed is much 1esi in volume and more fragile. This
critical angle is i1z the region of 15 to 20 degrees and,
consequently, an attempt is made to keep the antenna
wires below this angle. Fig. 2 shows photographs of
wire ice at variou s angles of wind flow taken in a wind
tunnel at an air speed of 80 miles per hour. Fig. 3 is
a curve of ice di ameter and ice volume versus wire
angle relative to the wind stream. The critical angle
region shows up very definitely on this curve of rela-
tive volume.

The actual ant xminas can be classified under three
general types; tl re fixed-wire, the trailing-wire, and
the shunt-fed wi mg. In the fixed-wire antenna, the
size of the airpla me will largely determine the length

1 G. L. Haller, “Ic imgof aircraft antenna wires,” Jour. Aeronaul.
Sci., vol. 6, pp. 27-2 3; November, 1938.
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of antenna which can be used and considerable loading
is usually necessary to tune these antennas. The funda-
mental, quarter-wave frequency on the largest air-
planes is above 3.0 megacycles while in smaller air-
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Fig. 3—Wire icing versus wire angle.

planes it may be as high as 12 to 15 mcgacycles. The
effective height of fixed antennas is necessarily low and
the total resistance on the lower frequencies 2 to 4
megacycles is seJdom greater than 1 to 2 chms.

\k&\\\\\\

Fig. 4—Shunt-fed half-wave voltage distribution.

The shunt-fed wing antenna has recently been used
with some success on the larger, all-metal airplanes.
A feeder is taken through the skin of the fuselage and

Fig. 5—Shunt-fed full-wave voltage distribution.

RESIS TANCE ~ OHMS

August
00 m— 77'00,000
— o S s e o i e
o T
'
Lo .—7 P L§ go-o* 3 o e =
I H
o
—— — 4
\Ol [
100 —~— e -
SR 7_~>— —4— = —
I W
1 vy
- — —— e — v 3
— LA m s
= == //}7(‘4 14— 4 i
RL_— 1 v !
- ?-o ‘g
[ = e ¥
]
hS
o —1TT—T1+ et Ly G
S <
S ] I e ) DI M L ] ] . w
== i e s St P S " — ~1 G ime i
et A ]
X T
= = .
I — = - - 4+t —
=
e e e e e e =t '
= —4——4——3—4— - ) S— =
—F—= B e e e ==
et 1
—_——— - e =
e e e e L
——— e = == 1
E——i— il R i e il Sl e B B o
20 30 40 S0 G0 70 40 30 W 13 2

FREQUENCY - MEGACYCLES

Fig. 6—Impedance characteristic, transverse antenna.
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Fig. 7—Impedance characteristic, longitudinal antenna.
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grounded a short distance out on the wing, usually
directly behind the motor nacelle on a two-motor air-
plane. This causes the wing to become excited similar
to a shunt-fed broadcast antenna. The frequency
limitation of such an antenna appears from experi-
mental results to be such that any frequency may be
used if the wing spread of the airplane is 40 per cent
or more of the working wavelength. Fig. 4 shows a
representation of voltage measurements taken on an
airplane at a frequency such that the wing spread was
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Fig. 8—Impedance characteristic, shunt-fed wing.

one-half wavelength long. Fig. 5 is the same except
the frequency is twice as great, that is, the wing spread
is now one full wavelength. The results obtained on
wing antennas compare favorably with a fixed-wire
antenna and sometimes are better. Phone communica-
tion ranges of several hundred miles can be expected
consistently with about 50 watts of antenna power and
telegraph communication across the continent has been
accomplished between an airplane and its home base.
On one test at 6 megacycles, an airplane on the ground
had phone communication with its base more than
1000 miles away.

The impedance curves? of any antenna system are
interesting, especially to the one who designs the radio
equipment and several typical curves are included.
Fig. 6 shows a transverse antenna on a medium-range

1 G, L. Haller, “Constants of fixed antennas on aircraft,” Proc.
I.R.E., vol. 26, pp. 415-420; April, 1938.
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Fig. 9—Impedance characteristic, longitudinal antenna.

bomber with a wing spread of 90 feet. Fig. 7 shows a
longitudinal antenna on the same airplane. Fig. 8
shows a shunt-fed wing antenna on the same airplane
and Fig. 9 shows a longitudinal antenna on a large
bomber with a wing spread of about 160 feet. The
points of special interest on these curves are the low
total resistance at the lower frequencies and the wide
range of reactance which must be accommodated in any
radioequipment which coversawideband of frequencies.

Fig. 10—Phantom aircraft antenna.
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The physical problem of construction of a phantom
antenna involves more than a single resistor, or single
resistor and recactor, if the radio set is to be tested
with a simulated aircraft antenna. Some phantoms be-
come quite elaborate. Such a one is shown in Fig. 10
which was designed to cover the range of 2 to 10
megacycles for most of the above antennas.

FIG.- C
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FIG-D
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Fig. 11—Automatic antenna reel mechanism.

The trailing-wire antenna is probably the most cffi-
cient antenna, but brings in several physical problems.
When adjusted to resonance, one-quarter wave, it has
a resistance of between 10 and 20 ohms or more de-
pending on the size of the airplane. Trailing-wire
antennas are usually terminated by either a weight or
a wind-sock drag device, although some trailing-wire
antennas are used without either. The trailing wire
with the wind sock or without any device hangs out
almost horizontally and has poor directional effects,
while the weighted trailing wire has considerable
vertical component with a resultant circular field. One
great advantage of the adjustable trailing wire is that
it may be tuned by varying the length and conse-
quently eliminates much of the tuning and loading
apparatus otherwise needed. This tuning at the an-
tenna allows the use of a transmission line which is a
great advantage and which is almost impossible with
a fixed antenna covering a wide frequency band. The
antenna reels used are mostly hand-operated with a

. mechanism which, when turned by the operating
handle in one direction winds the wire in on a ratchet;
when turned the other way the spool is free to reel
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out wire, and when the handle is free the reel is locked
for use. Several clectric automatic reels have been used
but have not found much favor. There has recently
been developed an electric automatic antenna reel
which may become more gencrally adopted.? The
mechanism of this reel is novel e¢nough to warrant a
brief description. Fig. 11 is a cross-sectional view of the
reel mechanism. Shown in the cross section is the motor
pinion meshed with the cam-shaft pinion. On the cam
shaft is a combined sliding worm and cam which is
keyed to the shaft and another cam and a strong
spring and a light spring. A worm wheel is fastened to
the shaft which drives the antenna reel bobbin, Two
Microswitches are used in scries with a two-field series
reversible motor. The switch to the left is in scries
with the field which produces reeling-in rotation and
the switch to the right is in scries with the motor
field which produces recling-out rotation. In operation,
when recling in wire, the cam and worm combination
is as shown in Fig., 11B with the worm and cams
being held from sliding farther to the left by means of
the heavy spring which is sufficiently strong to carry
the wire load. When the weight or drag device is pulled
up snugly into the fair-lead, the worm wheel is then
stopped from rotating. The worm travels on the shaft
toward the left using the worm wheel as a rack. The
worm pushes the cam which opens the switch and stops
the motor as shown in Fig. 11C. The weight or drag
device is held snugly in its fair-lead under tension of
the heavy spring. When the motor contact switch is
thrown to the out position, the motor receiving power

Fig. 12—Typical antenna reel mounting.

through the other switch reverses its rotation and reels
out wire until the wire is all out, at which time as the
end of the wire passes the dead center of the out posi-
tion, the pull of the wire on the reel bobbin, and conse-
quently the rotation of the worm wheel, is reversed,
and the worm and cam travel toward the right and
open the out switch as shown in Fig. 11D. Another

* J. K. DeArmond and G. I.. Haller, United States Patent No.
2,204,579, issued Junc 18, 1940,
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feature of the mechanism is that in case the wire should
jam in the fair-lead and fail to pay out, the light spring
will push the out-stop cam and worm to the right and
stop the motor, which will prevent the reel from un-
spooling the wire and the possible fouling of control
wires. The reel as commercially developed has a mag-
netic clutch between the motor and gear mechanism
which allows fine adjustments of lengths by mechan-
ically disconnecting the motor when the current is
turned off. Fig. 12 shows a view of the automatic an-
tenna reel with the fair-lead in a removable mounting,
the use of which allows the antenna to be replaced in
flight.

The directional characteristic of an aircraft antenna
does not lend itself to mathematical analysis due to

.
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Fig. 13—Radiation test towers.

the complex physical structure of the airplane which is
the ground, although a study of such characteristics
using the principle of similitude is being made.** Scale
models of the airplane under consideration are used,
and the frequency is scaled up as the size is scaled
down. Tests were first attempted on the ground and
serious errors due to ground effects were noted. A
tower system was then designed and built which would
reduce the error to a few per cent. The errors en-
countered were the interference of the reflected wave
with the direct wave and the difference in attenuation
between the horizontal and vertical polarized waves.
Fig. 13 shows a view of the radiation test tower which
is 50 feet high and 70 feet long. The model is mounted
as shown in Fig. 14 at one end of the tower, the field-
strength-measuring equipment is mounted 30 feet
from the model, and the observers stay at the other
end of the tower and read the meters with telescopes.

¢ Ernst Harmening and Wolfgang Pfister, “Model measure-
ments on fixed aircraft antennas to obtain radiation patterns in

the short-wave region,” Hochfrequenz. und Elektroakustik, vol. 53,
pp. 41-45; February, 1939.

¢ G. L. Haller, “Free space propagation measurements at 75
rlngczgoacycles," Jour. Frank. Insl., vol. 229, pp. 165-180; February,

Fig. 14—Airplane model on tower.

The model can be placed in any of three positions on
the support, that is, normal flying position as shown,
with nose down, or with one wing down. From any of

\ ——  CALCULATED

O 0000 MEASURED ON TOWER
X X X X x MEASURED ON GROUND

TEST PATTERN

Fig. 15—Test pattern for tower measurements.



these positions the model may be rotated by means of
ropes around the axis of the support. Tests made on
the tower indicated that there was no difference be-
tween the horizontal- and vertical-wave attenuation,

somc 100MC

Fig. 16—Typical model measurements.

and a test pattern was made with a dipole transmitter
and receiver. The pattern was a combination of vertical
and horizontal polarized waves produced with the

transmitting dipole mounted at an angle of 45 degrees
with the ground and rotated about a vertical axis. The
receiving dipole was mounted at the same angle and
so that the coupling would vary from zero to maximuin
in 180 degrees. The calculated pattern was a cardioid
as shown in Fig. 15. The actual pattern measured in
the air and on the ground is also indicated, showing
the ground error eliminated on the tower measure-
ments. Fig. 16 shows a sample measurement made on a
one-tenth-scale model of a low-wing monoplane at fre-
quencies of 50 and 100 megacycles, simulating a fre-
quency of 5 and 10 megacycles. It is to be noted that
most of the energy at the lower frequency is in the
vertical wave, while at the higher frequency consider-
able energy is present in the horizontal wave.

Those patterns which it has been possible to obtain
from an actual airplane check with those obtained
from the models, and the model patterns give informa-
tion which it is impractical to obtain from the full-size
airplane.

Impedance-Measuring Instrument’
CARL E. SMITHt, MEMBER, IL.R.E.

Summary— Following a brief discussion of impedance-measuring
methods, the theory underlying the operation of this instrument is
presented with the development of useful equations. The meril of the
scheme lies in the fact that measurements can be made while the im-
pedance is in operation without disturbing the current distribution of
the network. Practical arrangements of the parts are then considered
along with the necessary adjustments. The paper ends with some re-
sults and conclusions.

I. INTRODUCTION

MPEDANCE measurements at radio frequencics
I[ can in general be classified under resonance or

null methods. Both methods depend upon the
application of Ohm's law to compare unknown im-
pedances with known impedances, but they differ
fundamentally in the indicating method. Resonance
methods depend upon the tuning of resonant circuits
for maximum voltage or current while bridge methods
depend upon balancing circuits to give a null voltage
or current.,

Most of the more common measuring schemes using
these methods are of little or no value if it is desired
to measure an impedance while it is operating in a net-
work and not disturb the current distribution of the
network. A typical example of this character is in a
directional antenna system. It may be desired to
match the impedances through transmission lines to
minimize power loss and to prevent standing waves
which may cause voltage flashover. The impedanccs in

* Decimal classification: R241, Original manuscript received by
the Institute, September 23, 1941; revised manuscript received,
November 12, 1941,

t Chief Engineer, United Broadcasting Company, and President,
Smith Practical Radio Institute, Cleveland, Ohio.
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such a network arc a function of the current distribu-
tion, hence, it is imperative not to alter this distribu-
tion while measuring the impedance.

II. TuEORY OF OPERATION

The operation of this instrument depends upon the
measurement of voltages created by inserting a series-
resonant circuit in scries with the unknown load. If
the scries-resonant circuit is physically small, and free
of resistance, its insertion will not affect the current
distribution in the network. The desired voltages can
then be measured with a very high-impedance vacuum-
tube voltmeter.

Consider the pure resistance load Ry connected to a
generator of voltage K as illustrated in Fig. 1(a). In
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(a) Normal circuit (b) Series-resonant in- (c) Series-resonant ca-
ductance-capaci- pacitance-induct-
tance inserted ance‘inserted

Fig. 1—Circuit and vector diagrams for a pure resistance load.
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this circuit a current I will low and the magnitude of
the resistance can be measured by taking the ratio of
the voltage and current as indicated

E
Ry, = = ohms. (1)

Now connect a series-resonant inductance-capacitance
in series with the load. With pure elements the magni-
tude of the input impedance by taking the voltage-
current ratio will be equal to the load impedance. The
voltage across the load resistance in series with the
series condenser will be noted as Ecr in Fig. 1(b). Now,
reverse the positions of the inductance and capaci-
tance as shown in Fig. 1(c). The voltage-current ratio
should remain unaltered, hence, the magnitude of the
voltages will be equal, thus,

E; p = Ecr volts. (2)

Equations (1) and (2) give the desired magnitude
and phase for the proper matching of transmission
lines while they are in operation. Usually the charac-
teristic impedance of the transmission line is known.
The voltage-current ratio as given in (1) should be
adjusted until it is equal to the magnitude of the char-
acteristic impedance of the line. When (2) is also satis-
fied, there will be no reactive component, hence, a
pure resistance of the proper magnitude.

If the load has an inductive component as indicated
in Fig. 2(a) the series-resonant circuit as shown in
Fig. 2(b), with the capacitance toward the load, will
give a smaller value of voltage Ecz than when the series-
resonant circuit is connected, with the inductance to-
ward the load, giving a voltage E.z as shown in Fig.
2(c). The reason for this is obvious. The inductive
reactance of the load cancels a part of the capacitive
reactance facing the load resulting in an impedance
triangle with a hypotenuse less than if the load were a
pure resistance. Similarly, when the inductance is
toward the load the inductive reactance adds to the
inductive reactance of the load to make the imped-
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(a) Normal circuit (b) Series-resonant in- (c) Series-resonant ca-
ductance-capaci- pacitance-induct-
tance inserted ance inserted

Fig. 2—Circuit and vector diagrams for an inductive load.

ance-triangle hypotenuse greater than it would be for
a pure resistive load.

Fig. 3—Vector diagram of im‘pedance triangles for an inductive
oad.

When the values of the series-resonant circuit are
adjusted for series resonance, let,

X = Xz, = Xc ohms. (3)

For best accuracy in making measurements X should
be made equal to the magnitude of the impedance to
be measured.

Now, if the various impedances are defined by the
measured voltage-current ratios,

E
ZLz = TLZOth (4)

E
Zez = —Iiz ohms (5)

E
Zy = 5 ohms. (6)

Then in the vector diagram of Fig. 3,

Ziz' = Ro* + (Xo + X)? (7N
Zez = R + (Xo — X)2 (8)

Subtracting (8) from (7),

Ziz? — Zez? = Xot + 2XoX + X2 — Xo? 4 2Xo X — X?
= 4XOX.

Hence,

Zigt — Zeg?
L % C% ohms. (9)

0=

And, in the load-impedance triangle of Fig. 3,
Ry = ‘\/Z—o"_.: .X—oiAOth. (10)

These last two equations give the resistive and
reactive components of the load impedance. These
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equations are useful for determining the components
of theimpedance of an antenna whileit is in operation.

If the load has a capacitive component as indicated
in Fig. 4(a) the series-resonant circuit as shown in
Fig. 4(b) with the capacitance toward the load will
give a larger value of E¢z than when the series-resonant
circuit is reversed so that the inductance is toward the
load to give E;z. When figuring the impedance, (9)
and (10) still hold but X, will come out negative.

(a) Normal circuit (b) Series-resonant in- (c) Series-resonant’ ca-
ductance-capaci- pacitance-induct-
tance inserted ance inserted

Fig. 4—Circuit and vector diagrams for a capacitive load.

ITI. PRACTICAL ARRANGEMENTS OF PARTS
AND NECESSARY ADJUSTMENTS

In order to facilitate measurements it is desirable
to make up a suitable switching arrangement such as
shown in Fig. 5. The double-pole double-throw switch
should make before break; the three positions give the
voltages necessary to calculate the impedances in (4),
(5), and (6). The ammeter in the instrument should
be of the thermal type of rather low resistance: hence
a 250- or even 500-milliampere range is more desirable
than a 125-milliampere meter which has several ohms
resistance. In practice it has been found that with the
very high-impedance General Radio type 726A
vacuum-tube voltmeter no appreciable error is en-
countered due to leaving the voltmeter connected be-
tween the coil and condenser when measuring with the
switch in the short-circuited position for securing the
result given in (6). This can be readily checked by
actually placing the voltmeter from one side of the
ammeter to the opposite side of the line. Of course a
more complicated switch could be used to do this in
one of its positions.

Care must be excrcised in balancing Lo and Cy. The
inductance and capacitance of the lead wires from the
elements to the reversing switch may have consider-
able effect if not properly balanced for the two posi-
tions. With the aid of a radio-frequency bridge it is
not difficult to minimize this effect by properly adjust-
ing the wiring.

Since Lo nccessarily contains some resistance, the
voltage will be larger when the inductance is con-
nected toward a resistance load as shown in Fig. 5(a)
in the E,z position. This cffect can be balanced out by
short-circuiting the condenser with the proper leakage
resistance to give a similar impedance triangle. This
would increase the resistive component of the series-
resonant circuit. Rather than increase this undesired
resistive component, calibrating readings can be made
with the instrument connccted to a pure resistance R,
as shown in Fig. 5(a). A noninductive carbon resistor
is quite satisfactory for this standard. If the desired
value is not on hand a carbon resistor, slightly below
value, can be selected and the carbon filed off until the
desired value is reached. With the calibrating R, equal
to the characteristic impedance of the transmission
line, these calibrating readings must be reproduced
when the instrument is actually connected in the trans-
mission line as shown in Fig. 5(b).

IV. REsuLTs AND CONCLUSIONS

The use of this instrument was keenly appreciated
when adjusting the three-tower directional array for
radio station WHK. The transmission lines were so
near a half wavelength that a deliberate 100 per cent
mismatch would cause less than 1 per cent variation
in the meter readings at the opposite ends of the sev-
eral transmission lines. As soon as this instrument was
placed in the lines, low power could be used and the
condition of the impedance match immediately deter-
mined. The matching networks could then be readily
adjusted to give a perfect impedance match in all the
transmission lines while maintaining the proper cur-
rent magnitude and phase relations in the various
antennas of the system.

(a) Calibrating circuit (b) Measuring circuit
Fig. 5—Circuit diagram of impedance-measuring instrument.

Experience with the use of this instrument makes
one appreciate its simplicity and usefulness for match-
ing transmission lines of any length. Furthermore, its
application need not be confined to transmission lines,
but can be used to measure or check the driving-point
impedance of antennas while they are in operation.
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The Zero-Beat Method of Frequency Discrimination’

C. F. SHEAFFERT, ASSOCIATE, L.R.E.

Summary—A method of frequency discrimination in which the
frequency of balance is determined solely by the frequency of the con-
trolling oscillator is explained. The method utilizes the phase lurn-
over, which occurs at zero beal, between two beat sources when one of
the beating signals is dephased by 90 degrees before it is applied lo one
of the beat detectors. A network is inserted in one of the beat sources
which shifts its phase an additional 90 degrees and makes its outpul
a direction function of the frequency. The beats are then amplified
and supplied to a balanced rectifier, from which a direct voltage is
available which changes polarity with the direction of frequency devia-
tion.

modulation system of radio transmission, there

has been a constant search for a method of fre-
quency stabilization which would be both simple and
effective.

Each system in present use has its particular ad-
vantages and weak points. It seems that the most
effective systems either require a multitude of fre-
quency-doubler stages, or a multitude of frequency-
divider stages, which renders either of these systems
rather cumbersome for use in portable equipment.

The Crosby circuit,! which makes use of a reactance-
tube-controlled oscillator, stabilized by a discrimina-
tor, approaches the ideal but has several fundamental
weaknesses. Perhaps the predominating one is the fact
that, in this method, the discriminator must be a
phase-shifting device whose elements are subject to
temperature, mechanical, and other variations which
require the use of temperature control and precau-
tionary design considerations in order to secure ade-
quate stability.

If a system of discrimination could be devised which
would not depend upon tuned circuits, this weak point
could be hurdled. If, further, the discriminator output
could be made as high as desired without affecting the
frequency of balance, the problem of securing adequate
stabilization would not be difficult. Such a system? has
been devised and is the subject of this paper.

The various elements involved in the device, and
their arrangement, are indicated in Fig. 1. The fre-
quency modulation, as well as the automatic fre-
quency control, is accomplished by utilizing the con-
trol of the so-called reactance tube over the frequency
of a tuned-circuit oscillator. In the arrangement of
Fig. 1, the oscillator operates at a frequency of 2650
kilocycles, and is followed by a buffer amplifier which
drives a frequency-doubler stage. The discriminator
voltage stability is acquired by utilizing a highly
stable crystal-controlled oscillator adjusted to give an
output frequency of 5300 kilocycles. In detector 1, the

E ;;INCE the advent of the practical frequency-

* Decimal classification: R355.6XR414. Original manuscript
received by the Institute, November 13, 1941,

t U.S. Signal Corps, Oklahoma City, Oklahoma.

' M. G. Crosby, “Reactance tube frequency modulators,” RCA
Rev., vol. 5, pp. 89-96; July, 1940.

2'U.’S. Patent No. 2,274,434, February 24, 1942.
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output of the frequency doubler is mixed with that of
the crystal oscillator and the resulting beat is selected
in the plate circuit. The phase of the crystal output is
shifted by 90 degrees and mixed with the doubler out-
put in detector 2 to provide a second source of beat
frequency. We must now consider the relationship
between these sources of beat frequency. If the fre-
quency of the doubler output is equal to that of the
crystal oscillator, the beats will have zero frequency.
If the doubler frequency is not equal to the crystal fre-
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Fig.1—Schematic diagram of the zero-beat frequency-discriminator
system utilized as a control element in a frequency-modulation
transmitter.

quency, beats occur as a result of the falling in and

out of step of the two radio-frequency voltages. Since

the phase of the crystal-frequency supply fed to de-
tector 2 lags that fed to detector 1 by 90 degrees, the
two beats will have a phase separation of 90 degrees
which is independent of the beat frequency. If the
phase of the doubler output is advancing with respect
to that of the crystal, that is, if its frequency is higher,
the voltages applied to detector 2 fall in step one
quarter of a beat cycle later than those applied to de-
tector 1. In this case, therefore, the beat outputs of
the detectors will have the relationship Eai=jEa. If,
however, the phase of the doubler frequency is retard-
ing with respect to that of the crystal, the radio fre-
quencies applied to detector 2 will fall out of step one

quarter of a beat cycle after the voltages at detector 1

were in step. The phase relationship between the de-

tector outputs in this case will be Enu= —jEs. We
thus see that a relative phase reversal between the beat
supplies takes place as the frequency difference goes
through zero, that is, at zero beat.

It now becomes apparent that if one of the beat
supplies can be given an additional 90-degree shift
which will hold for all beat frequencies of importance,

Proceedings of the I.R.E. 365




366 Proceedings of the I.R.E.

and its output can be made a linear function of the
frequency, we will have at hand the elements of a fre-
quency discriminator. For all practical purposes this
is accomplished by the network in the plate circuit
of detector 2. The beat voltage at the output of de-
tector 1 and that at the output of the shifter device,
therefore, will be either in phase or out of phase, de-
pendent upon whether the doubler frequency has de-
viated in a positive or negative direction. There re-
mains, therefore, only the, problem of amplifying and
supplying the two derived beats to the balanced recti-
fier in a manner that will make available a rectified
difference voltage proportional to the deviation and
direction of deviation of the doubler frequency. This
is accomplished by the two amplifiers and their as-
sociated output transformers which are connected so
as to provide voltages at the plates of the two diodes
which represent, respectively, the sum and difference
of the two beat voltages.

© c

Fig. 2—An equivalent circuit of the 90-degree beat shifter.

Since the output of amplifier 2 is directly propor-
tional to the beat frequency, the equations for the
voltages applied to the diodes of the balanced rectifier
may be written as

E. = Eal + deEd2/2
E; = E, — Kf4Es/2.

We shall call the resulting rectified voltages E,, and
E,s. The output of the duodiode rectifier from cathode
to cathode will be

E;y — E,2 = (Eay + KfaEu2/2) — (Eay — KfaE/2)
= I\’dedz.

In these equations the frequency deviation f;is either
a positive or negative quantity, dependent upon the
direction of deviation.

The output, when filtered, is therefore a positive or
negative direct voltage whose amplitude and polarity
are dependent upon the deviation and direction of
deviation of the doubler frequency from that of the
crystal oscillator. The voltage is zero only at zero
beat and any deviation from the zero-beat value auto-
matically produces a frequency-correcting voltage,
for application to the reactance-tube grid, which acts
to limit the deviation of the oscillator frequency.

This discriminator has two very important advan-
tages over the tuned-circuit type. The first, of course,
is that its balance frequency is fixed by the crystal,
and therefore does not in any way depend upon un-
stable, temperature-sensitive, tuned circuits for sta-

bility. The correct adjustment for the oscillator tuning
is always the setting which gives zero discriminator-
rectifier output, and therefore a means is continuously
available for readjusting the oscillator frequency dur-
ing operation, which makes possible a maximum of
accuracy at all times. A meter may be provided for
this purpose and can be calibrated to indicate the fre-
quency deviation covering the tolerance range.

The second advantage is that the two beat sources
may be amplified to any desired extent without affect-
ing the frequency of balance, and therefore the sensi-
tivity of the device is limited only by practical circuit
components.

It is required that the two amplifiers be flat through-
out the modulation band of the frequency-modulated
signal, and that their phase characteristics be identical.
The output transformers must, therefore, be high-qual-
ity devices with clectrostatic shielding between the pri-
mary and secondary windings. Discrimination at
relatively low deviation level is indicated if trans-
formers are used as coupling devices, but this imposes
no serious restriction on the amount of control which
can be attained.

A further requirement is that the 90-degree network
in the plate of detector 2 shift the phase by 90 degrees
for all frequencies important to the system. The means
whereby this is accomplished is therefore an important
part of the device. An equivalent circuit of the net-
work is shown in Fig. 2. The output/input voltage
ratio may be written as

E, (R + jwL)

E. " (R+R,) + jlL — 1/aC) W
Rationalizing this expression we obtain
E, R(R+ R,)+ wL(wL — 1/wC)
E.~ R+ R + L — 1/u0)?
. (R + Ry)uL — R(L = 1/uC) . -

(R + R,)? + (0L —-1/wC)?

If the numerator of the first term of (2) can be
cquated to zero for all frequencies, the network will
then shift the phase of any frequency passed through
it by exactly 90 degrees. This, of course, is impossible.
However, suppose that, within the frequency band of
impcrtance, values are selected so that 1/wC>wL.
The numerator could then be written as approximately
R(R+R,)—L/C, which contains no frequency term
and therefore may be equated to zero.

It is also required that the voltage ratio be a linear
function. This is realized if the seccond term of equation
(2) is a direct function of the frequency. Suppose that
in addition to the above (R4 R,)?< (1/wC)2. Equa-
tion (2) then reduces to E,/E,=jwCR.

Design procedure is, therefore, based upon the
selection of circuit components which meet, to a suf-
ficient extent, the above conditions. .

An experimental unit based on Fig. 1 was built up



in the workshop and experiment indicated that the
discriminator operation was entirely satisfactory. A
sensitivity of the order of 20 volts per kilocycle was
possible throughout a band of plus or minus 15 kilo-
cycles, even though small tubes and limited supply
voltage was used. Symmetry of output with respect to
positive and negative frequency deviation is a char-
acteristic of this discriminator, as is also linearity.

The device is completely electronic in principle and
can be made sufficiently compact for use in portable
and semiportable transmitters. It forms the basis for
a control system which can quite capably maintain the
stability well within the requirements of the Federal
Communications Commission for frequency-modula-
tion broadcast transmitters.

. . *
Cosmic Static
GROTE REBERY, ASSOCIATE, LR.E.

Summary—Cosmic static is defined as electromagnetic radiation
which may be detected by radio receiving equipment and which has
extraterresirial origin. A highly directive system for detecting and re-
cording these radiations is described and analyzed.

Dala are given on the variations in intensity of cosmic static in rela-
tion to various regions of the galaxy. The effects of interference are
discussed.

It is suggested that cosmic static is the equivalent of thermal agita-
tion in which all space is the conductor and the input terminals of the
detecting equipment are projected by means of an antenna system to
same far-distant part of space.

INTRODUCTION
“COSMI(‘—S’I‘ATIC” is used throughout this paper

to designate those electromagnetic radiations,

the sources of which are not associated with the
earth or its atmosphere, and which have wavelengths
such that they are detectable by ordinary radio re-
ceiving equipment. Some time ago the initial results
and a short description of the apparatus? used in this
work were published. Since then the performance of
this equipment has been closely scrutinized to under-
stand better what the requirements for the measure-
ment of this phenomenon are and how to meet them.
Since both cosmic static and thermal-agitation noise
generated in the receiver are continuous spectra of
constant amplitude over the limited frequency range
within the acceptance band of the receiver, there is
only a single parameter to distinguish one from the
other, namely magnitude. These two disturbances are
continuous spectra from separate sources and will add
together on a power basis. Fortunately the absolute
magnitude of thermal-noisc energy has been well es-
tablished and may be used as a reference level for
estimating the magnitude of cosmic static.

COLLECTOR SYSTEM

The major picce of apparatus used in this work is
shown in Figs. 1, 2, and 3. The electromagnetic energy
from space is collected by a mirror and captured by a

* Decimal classification: R114. Original manuscript received
by the Institute, August 27, 1941: revised manuscript received,
May 8, 1942.

t 212 W. Seminary Ave., Wheaton, Illinois.

1 G. Reber, “Cosmic static,” Astrophys. Jour., vol. 91, p. 621;
June, 1940.

1 G, Reber, “Cosmic static,” Proc. I.R.E., vol. 28, pp. 68-71:
February, 1940,
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drum which acts as a black body. No direct measure-
ment has been made of the angular resolving power of
this combination. At 160 megacycles, the mirror has an

";\

/1 WA %
/7 \'”. 3
V7 \,‘T‘.\ \ h

) AN ¥

=
Yot

-1

¥

s

Fig. 1—Collector pointed to declination +40 degrees. Small drum
at focal point for operation at 900 megacycles. Mirror diameter,
31.4 feet, focal length, 20 feet.

aperture of 5.1 wavelengths and a focal length of 3.25
wavelengths. Experiments with models and theoretical
investigation indicate the half-amplitude points on
polar curves of power sensitivity are about 6 degrees
apart in the plane of the magnetic vector and 8 degrees
apart in the plane of the clectric vector. These values
are somewhat larger than estimated in a previous
paper. Fig. 4 shows the antenna wire inside of the drum
and the transmission line going to the receiver. This

367
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Fig. 5—DMount for receiver on end of drum. Antenna trimmers
adjusted through hcles in side of shield tube.

Fig. 2—Collector pointed to declination —32.5 degrees. Large drum
at focal point for operation at 160 megacycles.

Fig. 3—Turning mechanism for changing declination.

Fig. 6—Elevation of high-frequency amplifier. Power cable con-
nects at side. Concentric-line tuned circuits adjusted to reso-
nance by screws in upper band. Antenna trimmers adjusted by
inserting wrench through hole in lower band, shown filled by
rubber stopper.

. . o transmission line is tuned and terminated in a single-

Fig. 4—View through aperture of drum showing antenna wire turn loop sh(?“'n b .}'ig. 5. The recciver or high-fre-
and transmission line, quency amplifier which mounts on this fitting on the
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end of the drum has within its center cavity a small
pickup coil which couples to the loop at the end of the
transmission line.

HiGH-FREQUENCY AMPLIFIER

The amplifier shown in Figs. 6 to 8 is the fourth and
first successful one in a series of designs. Early tests
gave the erroneous impression that this amplifier had
a pass band of about 1 megacycle. Actually the half-
amplitude points on the response curve were found to
be much closer together than expected and are a func-
tion of the screen voltage. Fig. 9 gives the gain charac-
teristics for maximum and minimum screen voltages
of Table I. It will be observed that not only does the

TABLE 1 TABLE 11
Bandwidth
Soeen | Quipa |inMemoydes  GURGY | Quwut
oltage 6 ibels oltage
‘ Ve ‘ Down cycles
92 0.14 , 0.44 168 0.4
96 0.22 | 167 0.5
98.5 0.27 166 0.6
102 0.37 [ 0.19 163 0.8
[ 159 1.4

bandwidth decrease but the gain increases rapidly
with screen voltage. Such performance is indicative of
regeneration.” Actually the effect is principally caused
by the decrease of the input electron loading as the
accelerating potential of the screen increases. Cascad-
ing the five stages magnifies the effect greatly and

Fig. 7—Top view of high-frequency amplifier. First grid circuit is
at upper right. Successive stages are in counterclockwise direc-
tion to diode compartment at right.

Fig. 8—Bottom view of high-frequency amplifier. Coupling coil for
transferring cosmic-static energy from antenna to first grid cir-
cuit 1n center cavxty.

makes the accurate control of screen voltage impera-
tive. Since the electron-loading conductance is propor-
tional to the square of the frequency, the gain should
rise as the frequency decreases. Table II gives data to
demonstrate this effect. Thermal-noise voltage pro-
vided constant input level.

DiopE RECTIFIER

When the frequency is very high, a diode peak volt-
meter will read low because of the electron inertia

\
By = 200V
2 '/:.‘
3 \
S 2 Sav \\
2 (T N
- \\
i N\
\ N\
\\\\
N\
N
t 3 ; ¢ ] @ ¢ SN

Megaoyolee off Resonasce

Fig. 9—Over-all %ain of high-frequency amplifier at 160 megacycles
or two different screen voltages
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effects. Megaw? has analyzed the situation and found
with only a small error the transit-time loss to be

0.068fx,
A4

where f=frequency in megacycles per second

x, =anode-cathode spacing in centimeters

K=1V,/V

Ve =observed peak volts

V = true peak volts
If a great waste of amplification is to be avoided it is
apparent that x, must be kept small. Consequently a
relatively large direct-current potential exists across
the diode produced by the thermal velocity of electrons
emitted from the cathode. This will cause no harm
provided the potential remains constant. Therefore the
diode heater voltage must be accurately controlled.
Likewise, minute changes in mechanical clearance be-
tween the anode and the cathode will cause small
changes in diode thermal voltage. Some of the charts
in Figs. 10and 11 to 14 show discontinuity points where
the line shifts slightly one way or the other and pro-
ceeds wicth the original slope. Often these jumps are
associated with surges of voltage. Apparently they bre
produced by a slight relative movement of the anode
and cathode caused by direct mechanical shock or me-
chanical shock as a result of strong clectrostatic fields
which may affect the distribution of the emissive ma-
terial on the cathode surface and thereby the effective
clearance. The output of the diode rectificr is fed down
a concentric cable to a direct-current amplifier and
recorder.

(1—K) = (1

AUXILIARY EQUIPMENT

This apparatus is shown in Figs. 15 and 16. The
cable from the diode terminates at the input terminals
of a direct-current amplifier in the center panel. The
meter at the left of the direct-current amplifier indi-
cates the direct voltage built up across the diode re-
sistor and the knobs below are set for zero. Sometimes
it is desirable to listen to the sounds being collected by
the apparatus and for this purpose the headphone con-
nection and the volume control at the right of the
direct-current amplifier are convenient. The recorder
on the top pancl is operated from this direct-current
amplifier. Full-scale deflection is obtained on 0.1, 0.2,
0.5, and 1.0 volt at the input terminals of the direct-
current amplifier. A variety of chart speeds from 3/4 of
an inch per hour to 12 inches per minute are available
of which 6 inches per hour is most commonly used.
The bottom panel contains the power supply with
voltage regulators on screen and diode heater poten-
tials. On top of the cabinct is a signal generator of
range 140 to 200 megacycles for measuring the re-
ceiver performance.

1E. C. S. Mcgaw, “Voltage mcasurement at very high fre-
quency,” Wireless Eng., vol. 13, p. 65; February, 1936

August

CIRCUIT ANALYSIS

Fig. 17 shows a block diagram of the entire system.
Three resistors and their associated noise gencrators
are in parallel forming the input circuit. Proceeding
according to methods outlined by Moullin® we have,
when R, = R, &R,;, the mean-square voltage at the first
grid with the antenna at temperature 75,

K,
Vi=kf.R, [Tu + 7,47, —] . 2)
R,
When 7T, is zero the mean-square background voltage
is
. . R,
Ve =kRNT,+ T, —|- 3)
R,
The increase in input voltage caused by the signal
voltage from cosmic staticis V—V,=1,.

Vo= [kfuR )

R/ 1/2 R/ 1/2
TotT4+7, =) = (1,41, =2) | 4
[( 1t R.,) ( r+ “R,) ] )

The significance of the above notation may be ob-
tained from the figure and % =Boltzmann con-
stant=1.37 X10~% watt sccond per absolute degree.
When fluctuation noise is impressed on a diode
rectifier in series with a filter circuit, R4 in parallel with
Ca (the usual diode resistor and condenser), a direct-
current potential will be built up across the condenser.
Superimposed on this direct-current potential will be a
small ripple voltage. Passing through an amplifier of
gain G to a linear detector we find the ripple voltage to
have a root-mean-square value of

Sq\'"?
r=G (s2) v
2C,

Sq\'? RA\M
=G ) RO (T Ty4 T —) :
() iy (v, e) O

. indicated direct voltage Vo
where § = =
root-mean-square random voltage GV

g=mcan charge of random fluctuation energy.
Likewise the direct signal voltage V., will be the differ-
ence between the direct voltage generated with signal
Vo and that from the thermal-agitation background
noise Vo, or Vo~ 1,,=1%,. The value S is rather un-
certain as the indicated voltage V, depends not only
on the effective voltage GV applied to the rectifier but
also its waveshape. If GV were sinusoidal and Cy large,
then S=1.414. If G1" is random and C, zero, then
§=0.798 according to Landon.t The diode will act as
a peak voltmeter provided the peak voltages do not
occur too infrequently compared to the time constant
RaCgor contain too little energy. While the number of

* E. B. Moullin, “Spontaneous Fluctuations of Voltage,” Oxford
University Press, Oxf0(d, England, 1938, p- 194

'n\’.) D. Landon, “Distribution of amplitude in fluctuation volt-
age,” Proc. L.LR.E., vol. 29, pp. 50-55; February, 1941,
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Fig. 14—Sample charts of cosmic-static record.
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Fig. 16—Rear view of recorder and power supply.

Fig. 15—Front view of recorder and power supply.
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tenes Msieries not a constant it will not change rapidly with f,. For
@ e B practical purposes a rounded value of S=1 may be
assumed. The ratio of direct signal voltage to ripple
1, - nilter Less voltage is
—@— Resietence By |
At Teapersture 1, V 2 S‘(‘ 1/2 l( 5174
os B d . - . /
v, ( ) BE (I" + 1+ 7"1\’)
g = Tube lapul Grid r ‘I Y
- —@— Moaietence By - -~ )
8% Teaporsiuee 1 (1 ( I/Ry + ka/ )llz)
~ U o ~ - s Al g g .
TuR, + T/R, + T K,
B.C. anlitier Nigh Frogoency asplifier 331
frive fecerder SO EH aan So far the input circuit has been assumed to contain
0 - == only resistance. However in practice some shunt ca-
% ¢ T pacitance is always present. Wheeler® concludes that
ey . the maximum uniform impedance which can be built
P £ 1 Jiade for rectifring up is limited to
out eteady voltage ¥, \
IR i
= R, = (/ ohms. (7)
’ s
Fig. 17—Block diagram of the entire system with the ¢

exception of power supply.

By inserting this into (6) the limiting value of signal-

peaks in a given time exceeding 4GV is proportional to-noise ratio is found:

to the bandwidth, the duration of the peaksisinversely

¢ H. A. Wheeler, “Wide-band amplifiers for television,” Proc.

proportional to the bandwidth. Consequently if S is [.R.E. vol. 27, pp. 429-438; July, 1939,
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Fig. 18 (a)—Ripple voltage as a function of V,. The random varia-  Fig. 18 (b)—Decrease of ripple voltage caused by increase of time
tion increased a bit more rapidly than V, because as E,, was constant of recorder. Chart speed 6 inches per minute. V,=0.5
increased the effective bandwidth decreased slightly. volt.
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Fig. 19—Sample of auto ignition noise. Receiver at rather low sensitivity as indicated by small width of line.
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Fig. 20—Record of cosmic static at declination —20 degrees.
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Vo. ZSCd 1/2 k 1/4 R/ 1/4
C(EEY (LY (ranenE)
Vr q 7|'C Rg (8)
(1 ( T/Rv + TvR/ )”2>
T.R, + T(R, + TR,

The amount of gain required in the amplifier may be
obtained by evaluating (1) for V and (3) for V..
Division of the former by the latter gives the gain
G necessary.

To determine ¢ we have without antenna and with
the electron damping acting as a filter load resistance

V' 2
¢ = 45C. (7) (kfuR/ T )

By experiment
S=10 V,/V,=2-107 fo=4.4-10°
Ca=4-10"° E=1.37-1072 R,=T7-10%

T,=1.4-10°

so ¢=5-10-1* ampere per second. Therefore 3 electrons
are contained in the average random charge.

SigNAL-TO-RIPPLE RaTIO

The limit of sensitivity is reached when the rise
produced by cosmic static is of the same magnitude as
the ripple voltage. Increased gain will be of no avail as
indicated by (6) and verified by Fig. 18(a). Each level
was taken at 6 inches per minute to show the fine struc-
ture of the random voltage and 6 inches per hour to
show the width of the resulting line. The rather steep
drop at the low chart rate is caused by the gradual
warm-up of the amplifier. The sensitivity may be in-
creased by increasing Cq as shown in Fig. 18(b); or the
product R/f, may be increased out to a limit of 1/7C.
Then either C or the effective temperature of the input
circuit (Ty+T,R;/R,) may be decreased. While not
obvious from (8), it will be found upon evaluation when
T.<T;»T,R;/R, that V,/V, is about proportional
to (1/T,)"2. Ferris” has shown that the effective tem-
perature associated with thermal-agitation noise from
electron loading is 1.4 times the true cathode tempera-
ture T, or T,=1.47}. So to increase sensitivity it is
necessary not only to reduce T, but also to keep
T,R;/R, small compared to T;.

THERMODYNAMIC RELATIONS

From Fig. 17 we find the energy of the input system
is
2V.2/R, when T,=0
(10)

2Vt/R; when T, = T..
The gain in energy becomes
2
U= = (V= V.2) = 2kT.f, watts. (11)
!

.'D. 0. North and W. R. Ferris, “Fluctuations in vacuum-tube
grids,” Proc. [.R.E., vol. 29, pp. 49-50; Fcbruary, 1941,
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Now define the incremental rise of voltage from cosmic
static as

(12)

Consequently, V2—V,2=2AV,% Substitution of this
into (11) gives for the energy captured from space

R
U = 4k, (T, + T, F’) watts. (13)

Equating (11) and (13) gives the effective temperature
of the antenna radiation resistance as

Ry
T¢= 2A (T/+ T,E>'

[

(14)

It must be noted that this is not the temperature of
space in the direction toward which the apparatus is
pointed but a good many times space temperature
depending upon the size of mirror, resolving power,
and efficiency of the drum.

Consider the question of transfer of energy by
letting the power sent into resistor Ra from the net-
work be U

v, =V (T+T+TR’> (15)
l—R/fw a / vR

[
Similarly let the power generated in resistor R, and
transferred to the network be U

U, = 2kTof.. (16)

When U, = U, then T,=T,+T,R;/R, and the system
is in equilibrium.

When U, < U, then T.> T+ T,R,/R, and the system
absorbs energy from space.

When Uy > U, then T.<T;4T,R,/R, and the system
radiates thermal-agitation-noise energy or sends out
a beam of hiss noise into space. This is the case
actually existing.
For calibrating the apparatus we have on the bench

without dummy antenna

Tle
Vz = 4kf.,R/T/ (1 + '——‘>

TR
and 17

(17)
T,R\'"?

Vo = ZSG(kwa/T/)”z 1+ - 0
Tle

On the bench with dummy antenna of R.,=R, and

T.=T,
T,R;
V2 = kf.,R/T/ (2 + ———)
T/Rl
and (18)
V., = V/2SG(kfuR/ T (1 + T"R’)m
’ e 2T)R,

On the drum and pointed to empty space Ra=R; and
T, is zero

V? = kfuR,T, (1+£Ii’)
A Tle
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s T.RAM static disturbance should move forward at this rate if
Ve = SG(kf,R,T,)' (1 Sy ’> . (19) the energy really is coming from a fixed position in

TyR, space. The charts shown in Fig. 10 were taken

AUTOMOBILE-IGNITION NOISE

It is quite well known®? that the radiation or ac-
ceptance pattern of an opening for clectromagnetic
waves which is small compared to a wavelength is
r=(cos 0)* in the plane of the electric vector and
r=(cos 0)*? in the planc of the magnetic vector. Now
the mirror when viewed from the focal point (aperture
of drum) subtends a solid angle of 43 degrees. Conse-
quently the mdjor part of the drum acceptance pattern
is covered by the mirror. However beyond the edge of
the mirror and out to =90 degrees the drum is still,
though rather inefficiently, capable of receiving electro-
magnetic energy. It is in this region that the ignition
disturbance leaks in. The noise from one car is merely
a series of popping sounds and might be dealt with
successfully; however the noise in the aggregate from
many cars approaches a continuous spectrum which
has a variable intensity from moment to moment and
consequently disrupts any attempts at delicate meas-
urements. By reason of the urban location where this
work is being carried on the only useful hours are from
midnight to about 6 A.M.

REsuULTSs

Data are obtained by measuring output versus time
for a given declination setting of the mirror. The re-
sults then appear as intensity versus right ascension.
When no clectromagnetic energy is captured from
space the recorder will draw a straight line. Because
the various balances used in the apparatus are gen-
erally imperfect, the slope of the line is seldom zero.
This situation is of little consequence provided the line
remains on scale the required length of time. When
energy from the heavens is intercepted the line will
rise slightly from its normal position. The amount of
this deflection in terms of reference level (thermal-
agitation noise) gives the absolute amount of cosmic-
static encrgy at the input terminals of the amplifier.
In order to reduce this energy back to intensity from
the sky, the characteristics of the drum, mirror, and
acceptance pattern of the entire collector must be
known. The charts reproduced in Figs. 10 to 14 are
samples of those obtained at a frequency of 160 mega-
cycles per second. Chart speed in all cases is 6 inches
per hour and Central Standard Time is noted at the
bottom. Direction in terms of right ascension at the
meridian is indicated by arrows marked with the
sidereal time. The arrow marked P indicates the ac-
cepted plane of the milky way.

Sidereal time gains about 4 minutes per day on
mean solar time. Therefore a given source of cosmic-

® G. Reber, “Electric resonance chambers,” Communications,
vol..18, p. 5; December, 1938,

W. L. Barrow and F. M. Greene, “Rectangular hollow-pipe
radiators,” Proc. .R.E., vol. 26, pp. 1498-1520; December, 1938,

at —25 degrees declination on the dates noted and
demonstrate the expected regular advance with time.
Comparison between Fig. 11 and Fig. 20 will show the
same result for data taken at —20 degrees declination.
In the latter case during the carly morning hours con-
siderable rain static was present from local thunder-
storm which gradually disappcared by 3:30 A.m.

Figs. 11 to 14 show charts taken at various declina-
tions across the milky way from Scorpio to Cygnus.
It will be observed that in the direction of Scorpio the
energy arrives from a broad band in the sky which
closely agrees with the accepted center of the galaxy.
As traces are scanned at more northern declinations
the center of the disturbance becomes weaker and
gradually moves off to the west of the accepted plane
of the galaxy. Finally in the region of Cygnus a split
seems to originate somewhere between galactic longi-
tude 40 and 45 dcgrees. This is first apparent at
0 =440 degrees where the center of the disturbance
had divided into two maxima of equal amplitude at
right ascensions 1945 and 2025. At 8 = 445 degrees the
west branch has continued in about the same direction
(RA2010) while the cast branch has crossed to the
other side of the planc of the galaxy and has become
entirely separate (RA2150) and stronger. In other
words there is some cvidence that a split occurs in this
cosmic-static disturbance similar to the well-known
split in the milky way. Unfortunately, the present
method of scanning along declination lines makes it
quite difficult to obtain good data beyond &= 445
degrees. Table 111 gives a résumé of all the automati-
cally recorded data at hand. The additional informa-
tion necessary for reducing the data is drum cfficiency
E4=50 per cent, mirror cfficiency E, =85 per cent,
arca of mirror 4 =7X10% square centimeters. As de-
termined from Tables I and I1 the electron loading of
the first grid is the main damping on the input circuit.
Therefore in computing U from (13) the value of T,
is 1400 degrees; R;=R, and the first term within the
brackets is dropped as nonexistent. The acceptance
pattern of the collector is an ellipse 6 degrees high
(¢m) and 8 degrees wide (¢£). Since only the hori-
zontally polarized radiation is reccived, the total energy
available is 2U on the assumption that cosmic static
is of random polarization. Therefore, the absolute in-
tensity in watts per square centimeter, per circular
degree, per kilocycle band is

2U 8ART,- 108

EdEnA¢ppdufe B E.TE».A beda .

(20)

Data from the region Perscus to Puppis were taken in
the autumn of 1940 and are not particularly good.
However comparison will show the results to be in
substantial agreement with the initial survey as

P T ——
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previously! described. The last chart taken at declina-
tion § = 487 degrees is one of three taken to check upon
whether or not this disturbance might possibly be of
local origin. As these three runs all give no response it
may be assumed the extraterrestrial origin is correct.

Charts taken on 4-18-41 (§ = —20), 5-14-41 (6= —39),
and 6-11-41 (8§ = +35) were made during local thunder-
storms. Even under these unfavorable conditions the
response from cosmic static can be seen. During the
morning of 6-11-41 shortly before the cosmic static
had moved out of range at 3:15 A.M. a severe wind
arose and the resulting vibration upset the tuning ad-
justments causing the pen to run off scale. At these
short radio wavelengths, rain static does not have the
crash and rumble characteristic of long radio wave-
lengths but rather is a series of loud snaps, one for each
lightning flash. Because the directivity of the collector
limits the recorded flashes to a small chosen direction,
relatively few appear on the chart. Consequently the
receiver has time to clear itself and return to normal
between flashes even though the surges are of tre-
mendous amplitude. How automobile-ignition noise
differs from this and its disruptive characteristics were
discussed in a preceding section. The few small spikes
and peaked rises shown on some of the charts are
caused by, respectively, the opening or closing of con-
tacts in electrical devices and the passing of a single
car. The real solution of these difficulties would be to
move the apparatus out in the desert somewhere far
from any man-made electrical disturbances. Then, and
then only could data be taken over the entire 24 hours
and critical measurement made on several important
points. Radiation from the corona of the sun has been
estimated as of sufficient magnitude to be detectable
but so far this has been impossible of substantiation
or denial. Likewise a very desirable check on the pos-
sible absorption from ionization of the earth's upper
atmosphere would be obtained by making duplicate
measures of the intensity at selected directions during
the daylight hours as well as at night.

Returning to (14) and the next to the last column
of Table 111, we find that the maximum value of A is
2.6 per cent of the reference level. Applying the same
reasoning set out for the calculation of the intensity
we find the maximum value of T, to be 73 degreces
which is the maximum effective temperature of the
antenna radiation!® resistance R,.

Quoting from Johnson,! “The electric charges in a
conductor are found to be in a state of thermal agita-
tion, in thermodynamic equilibrium with the heat
motion of the atoms of the conductor. The manifesta-
tion of the phenomenon is a fluctuation of potential
difference between the terminals of the conductor
which can be measured by suitable instruments.”
Moullin on pages 66 and 67 outlines Bell's!2 derivation
of thermal-agitation noise which starts out with the
number of free clectrons per cubic centimeter, the

19 W. A. Harris, RCA Review, vol. 6, pp. 119-121; July, 1941,
1 1, B. Johnson, Phys. Rev., vol. 32, ?%7; July, 19%8.),
12 D. A. Bell, Jour. I.E.E. (London), 301. 82, p. 529; 1938.
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TABLE III
| Intensity
in watts per
Galactic | Declin- v square cen-
tonsiude | aton | P3| Jefel | refrence | ESN |
m m g A
degrees | degrees record tion level ' gree, kilo-
i cycle
| ‘ band
22.5 -32.5 4-10-41 0.0037 | 0.22 1.7
3 4-11-41 0.0063 0.21 3.0
4-12-41 | 0.00S8 0.21 2.8
5-10-41 | 0.0060 0.27 2.2
average 2.4 2.9X10°8
1.5 -25 4-14-41 | 0.0048 0.16 3.0
3 4-17-41 | 0.0024 0.16 1.5
5.24-41 0.0043 0.29 1.5
6- 6-41 0.0068 0.22 3.1
6- 7-41 0.0085 0.22 3.9
average | 2.6 3.1
337.2 —20 4-18-41 | 0.0029 0.25 1.2
3 4-19-41 0.0037 0.25 1.5
5. 8-41 0.005S 0.27 2.0
average 1.6 1.9
2.6 —15 4-24-41 0.0046 0.24 1.9
3 4-25-41 0.0038 0.24 1.6
4-26-41 | 0.0040 - 0.24 1.7
average 1.7 2.0
348.1 —10 4-28-41 | 0.0035 0.24 1.5
4-30-41 | 0.003S 0.24 1.5
average 1.5 1.8
354.5 -5 S-14-41 | 0.0027 0.28 1.0
5.16-41 | 0.002S 0.28 0.9
average 1.0 1.2
0.0 0 4-13-41 | 0.0030 0.22 1.4
4-27-41 | 0.0030 0.24 1.2
5. S.41 0.0023 0.27 0.9
5. 6-41 0.0045 0.27 1.6
average 1.3 1.6
5.5 +s §-17-41 | 0.0083 0.28 1.9 28
10.9 +10 $.20-41 | 0.0028 0.25 1.1 1.3
22.0 20 §-30-41 | 0.003S 0.27 1.3
. 6- 1-41 0.0039 0.27 1.4
6- 2-41 | 0.0041 0.25 1.6
average 1.4 17
40.3 +35 6-11-41 0.0033 0.22 1.5 1.8
45.5 40 S- 4-41 | 0.0047 0.27 1.7
+ §.26-41 | 0.0028 0.27 1.0
§.27.41 | 0.0026 0.27 1.0
5-28-41 | 0.0020 0.27 0.7
average 1.1 1.3X1078
52.3 45 6- 4-41 | 0.0046 0.25 1.8
i 6- 5-41 0.0020 0.21 1.0
6- 9-41 0.0018 0.22 0.8
west branch average 1.2 1.4
6- 9-41  0.0029 0.22 1.3
1.3
east branch — X1.4 X10°% 2.3
0.8
114.7 4531 10-10-40 0.0052 0.37 1.4
10-11-40 0.0028 0.20 1.4
average 1.4 1.7
120.7 450 10- 5-40 | 0.0047 0.37 1.3 1.6
125.9 +46 10-18-40 | 0.0020 0.30 0.7
10-19-40 | 0.0032 0.33 1.0
average 0.8 1.0
139.3 +35 10-20-40 | No evidence. Intensity less than 0.3
10-21-40
151.3 +24 10-13-40 | 0.0039 0.56 0.7
10-16-40 0.0020 0.24 0.8
average 0.8
171 +7% 10- 6-40 | 0.0040 0.53 0.8
180 0 10-26-40 | No evidence. Intensity less than .3
11- 3-40
191 -10 11-10-40 | No evidence. Intensity less than 0.3
11-11-40
216.7 -32.5 | 12-26-40 | 0.0020 0,21 1.0
12.31-40 | 0.0037 0.35 1.0
average 1.0 1.2




mean free path, and the average time of flight. It ends
up with the desired formula V?/R=4kTf,. Now it is
well known that the material of space contains large
numbers of free clectrons, and that these clectrons are
in equilibrium with the energy density of the par-
ticular region. Consequently it appears a reasonable
assumption that the magnitude of R, and T, can be
determined by the measuring apparatus but the nature
of R, is determined in the depths of space. In such a
case, cosmic static is really thermal-agitation noise on
a grandiose scale where all of the space is the conductor
and the input terminals of the amplificr are projected
by means of the antenna and collector system to some
far distant part represented by R,. The nature of the
material encountered in the conductor can never be
duplicated in the laboratory as the mean free path of
the electrons is about 10° kilometers or about the

radius of the orbit of the planet Jupiter. Now if this
speculation has any foundation, then the intensity-
versus-frequency function of cosmic static should be
the same as that of thermal-agitation noise; in other
words the intensity per unit frequency bandwidth
should be constant independent of frequency from any
region in the sky. To determine whether or not this is
really the case can best be learned by measurements
at some other frequency several octaves from the
present one of 160 megacycles. From the above point
of view the whole device may be considered as a very
special type of sensitive bolometer where the variable
arm of the bridge consists of the material in space. The
writer is of the opinion that, given proper apparatus,
the study of this long-wave electromagnetic radiation
will produce information important to the physical
sciences.

Transients in Frequency Modulation’

H. SALINGERH,

Summary—In a frequency-modulation system, a sudden jump in
carrier frequency corresponding to a Heaviside unit signal will result
in a fransienl depending on the receiving-filter bandwidth. If this
bandwith exceeds twice the maximum frequency swing, the shape and
duration of the transient is shown to be about the same as in an ampli-
tude-modulation system with the same bandwidth; for narrower filters
the transsent lasts longer. These results are applied to several practical
cases. The transient is favorably affected by using an amplitude limiter
and by arranging the filter pass band so as to enclose the maximum fre-
quency swing symmetrically.

T IS one of the fundamental facts of communica-
I[ tion technique that to receive modulated waves, a

certain filter bandwidth is necessary. For ampli-
tude-modulated signals, this law can be stated cither
in terms of the useful sidebands which have to pass the
receiving filters, or in terms of the transients which will
originate in these filters due to a sudden change in
carrier amplitude.

With the growing interest in frequency modulation,
it is natural to study the same question in this case.
The first method is readily applicable, for the position
and intensity of the sidebands in frequency modulation
are well understood. However, for certain applications
which have been proposed, especially in the television
field, it is more desirable to consider the transients
which will develop in the receiver upon a sudden
change in frequency. This problem will be dealt with
in the present paper.

It is sometimes argued that, as the amplitude of a
frequency-modulated wave stays constant, a sudden
change in frequency will not change the energy con-
tent of the circuits involved; therefore, it is concluded

* Decimal classification: R 414. Original manuscript received by
the Institute, September 22, 1941,

t Formerly, Farnsworth Television and Radio Corporation, Fort

Wayne, Indiana; now 801 West Packard Avenue, Fort Wayne,
Indiana.
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that no transients should occur. But this claim will not
stand examination. A sudden change in frequency is
equivalent to switching off the original frequency while
the new frequency is simultancously switched on. This
will generate in the receiving filter two transients, the
envelopes of which are similar and add up to a constant
value, but, as the carrier frequencies are different,
beats will occur, and these would affect a frequency-
modulation receiver.

I. THEORY

In the case of amplitude modulation, the standard
method of attacking the problem is to consider an in-
cident wave,

z=.dsin Y- -t <O,

ll
z=(1 4+ B)ysinU---1>0; e

in a lincar system, 4 =0 can be assumed without loss
of generality. This wave is passed through an ideal
filter, which has infinite attenuation outside a fre-
quency range £, to 2, and a constant or even zero
attenuation inside this range. The carrier frequency
{2 lies between @ and @, and usually Q=3 (W+Q) is
assumed. The phase constant of the filter is taken as
varying linearly with the frequency inside the trans-
mission band.

In our case, let us start with equally simple assump-
tions. The incident wave is

z=sinwl --¢t <0,
Z=sinwt---t>0. (1)

The filter is again assumed to be an idcal one, with
the transmission range lying betwecen w;—&; and

August, 1942
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wy~+82; but for the moment, we shall consider only the
case 8, =8,=24, so that the frequency swing lies sym-
metrically inside the filter transmission range. As in
practical cases w; — w1 Kw, we may introduce an aver-
age frequency @ by letting wy=2—4, w,=0+A. No
loss in generality will occur by assuming A>0, i.e.,
w1 < we. These conditions are schematically represented
in Fig. 1.
§ 1 b6 b e
I I
w

uy-s W, A 2 Wyts, FREQUENCY

Fig. 1—Relative position of signal frequencies and filter limits.

The method of complex integration lends itself as
readily to this case as to the corresponding amplitude-
modulation problem.! The theory is developed in the
Appendix and leads to a formula for the output cur-
rent of the filter

1
y = sin Qt cos At + — cos Q¢ (L sin At + K cos Ac), (2)
T

where K =Ci(84+2a)t—Cidt, L=Si(6+2A)t+Sidt;
Si(x) and Ci(x) are the sine and cosine integrals.

As AL and §KQ, (2) can be considered as a wave
of average frequency €, but of varying phase ¢ and
amplitude 4; then

y = A sin (U + ¢)
where

1
¢ = tan™! . (L tan At + K). 3)

If this wave is sent through an amplitude limiter
and balanced frequency detector, a signal proportional

to d¢/dt will be recorded. In forming d¢/dt, it is useful

to remember that

i At 4+ K At =0 (€))
—— sin —— cos At =
dt dt
which can casily be proved. We finally get
dp A L
B )
dt T

1
cos? At + ~ (L sin At + K cos Af)?
ko

This gives d¢/dt=+A for t=+ =, as it should,
for at large negative values of ¢ we have a frequency
w, =2 —A, and for large positive values of 1, w, = Q+A.
It is therefore advantageous to introduce a “reduced
detected frequency” @ given by

(6)

& becomes +1 for t = + «, vanishes at £ =0, and is an
odd function of ¢; that is, @(—t) = —&(¢). It is there-
fore necessary to plot @(¢) only for positive values of

' H. A. Wheeler's paper “The solution of unsymmetrical side-
band problems with the aid of the zero-frequency carrier,” Proc.

LR.E,, vol. 29, pp. 446-458; August, 1941, in which an alternative
method is proposed, appeared after this analysis was completed.
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¢. If we take At as the abscissa, we get curves which are
perfectly general, and depend only on the parameter
p=08+A/A=filter bandwidth/frequency swing.

This has been done in Fig. 2. It is at once seen that
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Fig. 2—Shape of transients. p is the ratio of filter
bandwidth/frequency swing.

the transition from w; to w; (that is, from @=—1 to
@= +1) takes the more time, expressed in the scale of
At, the smaller the parameter p is.

The question suggests itself as to how this transition
time compares with that of an amplitude-modulation
system of cqual filter bandwidth. To answer this ques-
tion, the curves have been redrawn in Fig. 3 with
(6+A)t as abscissa instead of At. §+A is half the filter
bandwidth. This can be compared to the amplitude-
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Fig. 3—Transicnts in frequency modulation and amplitude mod-
ulation, for equal filter bandwidth.

modulation transient for an equal bandwidth, for
which the formula

2
y = }sin Sll<l+—-Si(6+A)t) )
w
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is easily derived. The amplitude of (7) (or rather the
quantity 2/xSi(8+A)¢ which gives the upper half of
the transition curve andis comparable to ourfrequency-
modulation curves) is also plotted on Fig. 3 and
marked AM.

These curves reveal the fact that the initial rise is
identical for all the curves, and depends only on the
filter bandwidth, at lcast as long as p>2; e.g., all
the curves cut the line @=1 initially at a time 7
given approximately by (A+8)r=1.8. A+ is half
the bandwidth in radians. If b= (A+28)/7 is the band-
width in cycles per second, then the transition time is
2r=3.6/mb=1.1/b; the factor 2 arising from the fact
that our curves show only the upper half of the
transient.

Proceedings of the . R.E.
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from Fig. 4 that this condition is casily fulfilled, even
if the filter bandwidth exceeds the frequency swing by
only 2 per cent. Thus, in this case, the practically
obtainable precision and stability of the filters will
determine the bandwidth, i.e., the number of channels
per megacycle, rather than transient considerations.

2. Television synchronizing signals transmitted by
frequency modulation while the video signals are am-
plitude-modulated.

We choose 2A =27-2-10% The transient should be
finished within about 0.005 of the duration of a hori-
zontal line. For a 525-line, 30-frame, interlaced picture
this means that the transient may last 0.32 micro-
second, corresponding to a At of 1. The necessary
bandwidth is b=1.1/0.32-10%*=3.45 megacycles, for a

frequency swing of 2 megacycles. The signal

w

variations which follow the initial steep rise

H + t v
eHE

=

.....

will hardly be of any consequence in this case.

3. Television, transmitted by frequency

modulation on a high carrier frequency of

.......

scveral hundred megacycles.

Aa
ST

The transition time should be one-half pic-

ture element or about 0.064 microsecond.

.-

The bandwidth would then have to be

b=1.1/0.064-10*=17.2 megacycles. But this

aam
et

A

—  figure is valid only if the frequency swing is
: not more than half this value, i.c., 8.6 mega-

20 30

Fig. 4—Transient for p=1.02.

For larger values of ¢, the curves no longer coincide,
but are still similar to one another.

The curve for p=1.4 is diffcrent from the other
curves, and in view of the large transient fluctuations
distinctly less favorable. It is desirable to know what
will happen at still lower values of p. The tables of the
functions Si and Ci which were available did not per-
mit exact calculation of such a curve, but an estimate
has been made for $ =1.02 (that is, when the filter
bandwidth exceeds the frequency swing by only 2
per cent) which is shown on Fig. 4. It is seen that the
initial rise of the curve is rather unimportant as com-
pared to the violent transient fluctuations which follow
it. These fluctuations correspond to a transient fre-
quency of A/m cycles per second, and their amplitude
will have decayed to within about 10 per cent of the
final value after 8¢ =4 or in our case for AtZ 200.

I1. APPLICATIONS

Before we procced with the general discussion, let
us consider the practical import of our results for some
typical cases.

1. Frequency-modulation broadcasting, on a car-
rier frequency of @=2w-40-10% and with a swing of
2A =27 -150,000.

The transient should be appreciably shorter than
one syllable; let us assume that it must be finished
within 0.01 second, that is within At =4700. It is seen

cycles. If afrequency swing of 20 megacycles is
preferred, we should have at least p=2 (i.e.,
40 megacycles bandwidth), in order to cut
down the transient fluctuations which would put a
relief structure into the-picture. If the fluctuations
which Fig. 3 shows for p=2 are considered objection-
able, it would be necessary that they occur within the
time of §-0.064 microsccond. Thus from Fig.3 we might
choose (A446)0.032-108=6, i.c., A+d=wb=1.9-10% or
b =60 megacycles.

In all these cases the frequency swing corresponding
to maximum signal amplitude was taken as the basis
of our figures. If even for this case p > 2, p will be much
larger for a smaller swing, but the time of transition
will not be changed. On the other hand, if the filter
bandwidth exceeds the maximum swing only slightly,
the transient may be troublesome at maximum swing
but negligible at smaller signal amplitudes. In this re-
spect, frequency-modulation differs materially from
amplitude-modulation operation, where the transient
is proportional to the input signal but does not change
its shape for different signal amplitudes.

[11. EXTENSIONS OF THE THEORY

The remainder of this paper will be devoted to a
discussion of some of the simplifications introduced
into the theory.

1. A balanced frequency-modulation detector with
amplitude limiter was assumed, so that the signal -
derived from (3) is given by forming d¢/d! which leads
to (5). It is, of course, possible to dispense with this
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complicated arrangement and use a coil or a resonant
circuit, followed by an ordinary amplitude-modulation
detector. This is equivalent to differentiating the first
part of (3), or directly, (2), and determining the ampli-
tude of the resulting wave. Thus from (2) and (5) we
get
dy A . .
= = cos | @ cosAt + — (L cos At — K sin A?)
™
. (8)
— sin Qtl:A sin Al + — (Lsin At + K cosAt)].
™

This is a wave of frequency @ with a variable ampli-
tude A4,. All we shall do here is to compute its ampli-
tude for t=0. As :

5424 p+1
L(-0=09

p—1

(ADtwo = 91/_1+ (%log.iji)f (10)

For p=2, (A1)i0=1.1Q. Let us take, e.g., the case
of frequency-modulation broadcasting with /27 =40
megacycles and A/2r =75 kilocycles. The transient,
as previously computed with an amplitude limiter
present, will consist of a smooth transition from Q—A
to Q+A, with a slight overswing on both sides. Par-
ticularly at ¢ =0, we found &=0, which means that the
instantaneous frequency is €. Without the limiter, at
this instant the frequency will be higher by 10 per
cent, that is, by 4 megacycles. It is at once seen that
this method of reception would involve a large tran-

Ko = log, = log, 9

we get

sient, and the importance of the amplitude limiter is

thus clearly brought out.

This statement is thought to be valid and important
even though the action of the amplitude limiter has
been considered here in a purely formal way, by as-
suming that the detector will respond only to the vari-
able phase ¢ in (3). A more detailed discussion of the
response of an amplitude limiter to a transient, based
on an assumed characteristic curve of the limiter,
might be worthwhile.

2. The assumption that the frequency swing lies
symmetrically within the filter pass band helped to
simplify the formulas. Actually, the larger part of the
computations in the Appendix was carried out without
making use of this simplification. It is not particularly
difficult to work out the formulas for the more general
case which was shown in Fig. 1, but the formulas get
rather unwieldy and will not be reproduced here. They
have been worked out for some cases, and the results
are plotted in Fig. 5, in which curve 1 represents the
case 8, =8, =24, curve 2,8, =1.64, §,=2.4A, and curve
3, 8, =4, 8,=3A. Thus the total bandwidth is the same
in these cases, corresponding to p =3. Even though the
equation @(—t)= —a&() is no longer valid"if 879, it
seemed to be sufficient to draw the curves only for
t>0.
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The curves show that it is not favorable to make
5, unequal to §;; the transient fluctuations after the
initial rise are much more pronounced in this case than
for 6, =34:.
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Fig. 5—Transients for unsymmetrical filter position.

3. It may be questioned whether (1) is general
enough to form the starting point of our discussion.
Therefore, the whole development has been rechecked
for the case

z=coswl- -t <0,

(11)

In (11), both z and dz/dt are continuous at t =0, while
(1) defines a function for which dz/dt is discontinuous
at ¢ =0. Therefore, a different form of transient might
be expected. Actually, (11) gives the same kind of
transient; in particular, (5) remains unchanged. This
shows that the phase of the carrier wave at the instant
when its frequency is changed does not matter.

4. A still more general case which might be of some
interest is the following one:

g=coswyl -t >0

zg=sinwl- -t <0,

2z = sin (el + ¢o) -+ - ¢ > 0. (12)

z is, strictly speaking, discontinuous at ¢=0. But we
may assume that z changes continuously from the law
which applies for ¢ <0, to the one valid for ¢ >0, within
a time which is so short that we are not interested in
the details of this transition; and thus (12) might be
considered as an adequate idealization of the actual
behavior. Of course, a sudden change of phase within
a short time interval is equivalent to a high signal fre-
quency, and thus a large transient may be expected.
A computation along the methods used in this paper
bears out this prediction.

If we want to discover what this means in practical
cases, we must remember that a theory based on an
idealization such as (1’) (for the amplitude-modulation
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case) or (1) or (12) can only cover the influence of the
recciving filter; it determines what filter bandwidth
is necessary for a given type of signal, or how many
channels may be located in a given frequency band. 1t
does not determine the ability of a given communica-
tion system to transmit such signals, as we would
have first to find out whether it is possible to ¢emit the
signal as given, e.g., by (1’). Thercfore, our statement
that (12) is less favorable than (1) means that we have
to investigate the modulating method and ascertain
that it does not introduce any permanent phase shifts
as the modulating signal changes its amplitude.

APPENDIX
Frequency- Modulation Transient Theory

Consider the integral

1 A 1 1
J=— e““(-—~—~ - '>¢1u, (13)
4w J p, T

where the path of integration P, in the u plane is
shown in Fig. 6. It can be shown by standard methods
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Fig. 6—Paths of integration Py to P;.

that for t>0, P, can be transformed into a closed
contour by adding a large semicircle in the upper half
plane; and if this semicircle is large enough its addi-
tion will not change the value of J. Thus J=0 for >0,
as no singular points are enclosed by the contour. IFor
1 <0, we have to complcte the contour by a semicircle
in the lower half of the plane, and J will be equal to the
sum of the residues at the singular points +w,. Thus
2rj .
J = ——=(edrt — eit) = sinwyt, t<0;
4r
the —sign is due to the fact that we encircle the singular
points clockwise, that is in the mathematically negative
sense.
From this it follows that the incident wave assumed

in (1)

z =sinwy!, ! <O0; z=sinwdh, +t>0 (14)

can be represented by
1 , 1 1 1 1

g =— C“‘l[—"4——~ — + ) du' (15)
4x J p, u—w; Htw; U—wy tws

where P, is shown in Fig. 6.

We apply 2 to the input of an ideal filter. We may
neglect from the start the effeet of its phase constant,
as it is well known that a lincar phase shift only causcs
a time delay in the output signal, which does not in-
terest us. If the filter transmission range goes from
m to n2, we shall get an output wave

] .
. 16
) hj“ (16)

where the integrand is the same as hefore, and 5 s
shown on Fig. 6. In order to avoid difficulties at the
singular points, it is preferable to write

1
¢ = 5 — .« v 17
> ”f“ (17)

where zis given by (14); for Py, sce Fig. 6. The bracket
expression in the integrand of (15) is an even function
of u; thus we arrive at our final expression

1 1 1
y=:—'fj cusul|: -
2n J p, M — w “ 4+ w,
1 1
= + ]du; (18)
U — wy M wy

Py, again, has to he taken from Fig. 6. The integrand
splits into four parts, and Py is composcd of two parts
Thus cight integrals have to be evaluated, the first of
which is

" cos uf n=1cos (o + w)t
du f dv
o U — w ?

—w) -

(m-etcos 9
= cosmlf do

—wyt v

*(meeigin g
— sin w.lj dv. (19)
—wyt ?

It we now introduce the sine and cosine integral®?

. *sin x * cos x
Six = f —dx, Cix = — f — dx
0 X " x

with the properties

Si(= x) = = Six,  Ci(— 1) = Cix + jm,

Si(=) = ;, Ci(=) =0,

we get

" cos ut °
j; du = cos wt[Ciw, — )t — Ci(wyt) |

°— w
+ sin wyf[Si(w, — )t = Si(wyt)].  (20)

‘The seven other integrals can be handled similarly.
If all the contributions are added together, terms like

8 ']"'hc notation follows E. Jahnke and F, Emde, “Tables of Func-
tions,” B. G. Teubner, l.(-ipzig, Germany, 1938. )

Y E. T. Whitaker and ;. N. Wat “Mode sis,”
define Ci without the — wign, atson, “Modern Analysis,” 1927,



Ci(wit) will be found to cancel, while in terms like
Ci(wi+ 1)t the argument may be safely replaced by «
for all interesting values of ¢. This has been checked
repeatedly in numerical examples. The only terms that
remain, then, are those containing differences of fre-
quencies as arguments of the sine or cosine integral.
The final formula will be given only for the case
w, — 1 =1, —w, =9, that is, when the interval w; - - - w2
lies symmetrically in the interval n, « - - m2. If all the
integrals are evaluated and the results inserted into
(18) and (14), we get

K
y = 1/2(sin wy? + sin wat) + e (cos wit + cos wst)
™

— — (sin wt — sin waf),
2T

where

K = Ci(s + 24)t — Cidt, L = Si(3 + 20t + Siét,

A= (21)
2
It we write w;=Q—A, w,=02+A, formula (2) of the
paper results.
Equation (21) has been derived only for t>0. It is,
however, possible by making the substitution v= —u
in (16), to show that

y(— 1) = y(t) — sin wit — sin wst. (22)

But the same relation follows from (21) if we simply
replace ¢t by —t. This proves that (21) is also valid for
t <0.

The Characteristic Curves of the Triode
E. L. CHAFFEE{}, FELLOW, LR.E.

Summary—A method is described by which the enlire static char-
acleristic curves for the plate current of a power triode can be deduced
from one experimentally determined curve. This experimental curve
cin be obtained at low power without danger of overhealing the lube.
Using the same procedure, the grid-currenl curves and the total space-
current curves can be determined.

A new log-log chart is described on which the static characteristic
curves of a triode are presented by means of straight lines, and two
curves giving the division of space current belween the grid and plate.

HE static characteristic curves of a vacuum tube

constitute the complete data from which the

operation of the tube can be calculated. The
complete static curves of a power tube are generally
presented graphically. In fact, even if satisfactory an-
alytical relations could be obtained for the curves, the
graphical form would be the preferred form from which
to make the calculations for the operating character-
istics of the tube. It is simpler to draw on the char-
acteristic chart the assumed path of operation and to
read off directly the current values than to calculate
them from analytical expressions for the path and the
curves.

The complete static curves of large tubes cannot in
general be taken by the ordinary direct-current method
such as is used for small tubes because the power sup-
plied to the tube while reading the potentials and cur-
rents in certain regions far exceeds the safe dissipation
of the clectrodes. The static curves must be obtained
by some intermittent method! 2 in which the potentials

* Decimal classification: R131. Original manuscript received by
the Institute, August 27, 1940; revised manuscript received, Jan.
uary 8, 1942.

t Cruft Laboratory, Harvard University, Cambridge, Massa-
chusetts. .

1 11. N. Kozanowski and 1. E. Mouromtseff, “Vacuum tube
characteristics in the positive grid rcgion by an oscillographic
method, Proc. [.R.E., vol. 21, pp. 1082-1096; August, 1933.

* E. L. Chaffee, “Power tube characteristics,” Electronics, vol.
11, pg. 34-42; June, 1938,

+ 0. W. Livingston, “Oscillographic method of measuring 8i-

tive-grid characteristics,” Proc. I.R.E.,vol. 28, pp. 267-268; June,
1940,

August, 1942
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are applied for short intervals of time. Such methods
require special apparatus which must be of sufficient
capacity to supply the large currents and potentials
when the curves of very large tubes are to be de-
termined. Furthermore, the actual work of obtaining
the complete characteristics of any tube is consider-
able because of the large number of observation points
required.

One purpose of this paper is to present a simple
scheme by which the complete static curves of a triode
can be obtained by extrapolation from only three
curves, i.e., one grid-current curve, one plate-current
curve, and one total-current curve. These curves may
be obtained by ordinary direct-current methods at low
power. Another purpose is to describe a simplified
method of presentation of the entire set of curves.

The static curves best suited?*® to the calculation
of power-tube performance at radio frequencies are the
constant grid-current and plate-current curves plotted
with grid and plate voltages as co-ordinates such as
those shown in Fig. 1. Curves of constant i,+1, are
also shown in Fig. 1 for three current values.

These total-current curves are simpler in shape,
being straight over a greater range, than are the plate-
current curves. They are simpler from a theoretical
point of view because the total current determines the
space charge between cathode and grid. It is well
known that the total current can convenicently be con-
sidered as the plate current of an equivalent diode.

THEORETICAL DISCUSSION

Before discussing the general propertics of the

«1. E. Mouromtseff and H. N, Kozanowski, A ‘short cut’
method for calculation of harmonic distortion in wave modulation,”
Proc. L.R.E., vol. 22, pp. 1090-1101; September 1034,

s E. L. Chaffee, “Operatin characteristics of power tubes,”
Jour, Appl. Phys., vol. 9, pp. 471 482; July, 1938,
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constant-current curves illustrated in Fig. 1, a theoreti-
cal background is useful.

The influence of velocity distribution of emission at
the cathode upon the electron current through a high-
vacuum tube is well known. The calculation of the
space-charge distribution and the current for any ap-
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Fig. 1—Static-characteristic curves.

plied potential has been made by Epstein,® Fry,”# and
Langmuir® for the case of a plane diode, but the exact
analysis for a cylindrical diode and for other shapes is
difhicult and, to the knowledge of the author, has not
been completed.

The analysis of the plane diode provides the follow-
ing approximate equation for the space current in
amperes per square centimeter, given by Langmuir®

7 1 \3/2
i=2.331x10-0 2~V

A—|:1+1 33( kT )1/2
(d— xm)? T\ eV~

kT 3/4 2
-0.406( —— -
(e(V,,—V,,.)) + :l ’

where V., is the potential at the potential minimum
located x» centimeters from the cathode, d is the
distance from cathode to plate, T is the absolute tem-

(1

¢ P. S. Epstein, “Zur Theorie der Raumladungserscheinungen,”
Verh. der D. Phys. Ges., vol, 21, g)p. 85-99, no. 5-6; 1919,

' T. C. Fry, Phys. Rev. vol. 17, pp. 441-452; April; 1921.

¢ T. C. Fry, “Potential distribution between parallel plane elec-
trodes,” Phys. Rev., vol. 22, pp. 445-446; April, 1923.

% [, Langmuir, “The effect of space charge and initial velocities
on the potential distribution and thermionic current between
palz'z\;llel plane electrodes,” Phys, Rev., vol. 21, pp. 419-435; April,
1923.
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perature of the cathode, k is Boltzmann’s constant,
and e is the electronic charge. The values of V, and
xm depend upon the ratio of the space current to the
saturation current of the emitter.?

If 427 is plotted against V, for assumed values of
saturation current, 7" and d, the result is a line which is
nearly straight except for low values of V,. This plot
is nearly parallel to the simple Child's equation

V3 amperes

1=2.331X108—— —— — (2)
d* centimeters squared

but is displaced toward negative potentials by an ap-

proximately constant distance except for low values of

V, as shown in Fig. 2(a). This suggests that perhaps

the space current can be expressed with an accuracy

sufficient for practical purposes in the form
r Y3/2

i=2.331 x 100 2 T

d2

3)

where V. is the approximately constant voltage dis-
placement. Comparing (3) with (1) we obtain for 1,

the series
. oy " _8<kTI',,>”2<1 4 xm>
_— — —— m ., —
T34 7 ¢ 3 d
BT \ 34
—0.542(——) Va4, (4)
[4

Equation (4) does not indicate that V. is independ-
ent of V, although it should be remembered that as V,
increases, x,, and V, decrease, V., being intrinsically
negative. Experimentally determined graphs of %’
against V', for various configurations, as shown in Fig.
3, are strikingly linear except for values of V, less than
10 or 15 volts and for values of 7, approaching satura-
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Fig. 2—Graphs of /3 versus V, and V, versus x4/
for a plane diode.

tion current. The increase in V, as V, increases, de-
manded by (4) for the diode, may be compensated
for by the progressive emission saturation at the cool
ends of the cathode as the plate voltage is increased.
The same effect may also operate to make V, nearly
constant for other configurations. At any rate, some
fortunate combination of circumstances operates to
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permit the effect of initial velocities to be incorporated
in the one constant correction factor V,. For practical
purposes it is possible to express the space current for
almost any configuration in the form

i= AWV, + V,)¥ (5)

The value of V. depends upon T and the geometrical
relations of the electrodes. The value of V, must be
determined experimentally and has a value of a few
volts.

We shall now examine the value of V at various
distances from the cathode of a plane diode when V,
is assumed constant. Child's law, giving the voltage
V. at any distance x from the plane cathode which
emits electrons with zero velocity, is (2) when V. is
substituted for V, and x for d. Hence, V, plotted
against x*? is a straight line through the origin. The
graph for the plane diode when initial velocities of
emission are taken into account is as shown in Fig. 2(b)
for two values of V,. Except for small values of x the
line is practically straight but intersects the voltage
axis at — V, corresponding to a particular value of V.
Although this negative intercept is not theoretically
independent of V, for a plane diode, if the experimental
plot corresponding to Fig. 2(a), and shown in Fig. 3
for several cases, is straight for all values of V;, except

80 | | , ,// o
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§0 80 00 120 W0
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Fig. 3—Graph of i%/* versus ¢, for several commercial
power tubes. e, =e,.

the low values, then the negative intercept of Fig. 2(b)
for various values of V, is the same and equal to V,
as shown in Fig. 2(a).

The theoretical values of the negative intercept of
Fig. 2(b) for the planc diode can easily be obtained
from Langmuir’s £ and # functions.® From Langmuir's
paper we have
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e 11,600
Nz — N0 = LT Vz= T V:- (6)
The value of 7o is given by the expression
int
70 = log, (7
ip
where 4, is the saturation emission current.
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Fig. 4—Graph showing the distribution of potential
within a plane diode.
Also from Langmuir's paper we can write
R N E
-ty = .
’ T34 T

Hence for any chosen values of T, %5, and 75, 7z —170 is
proportional to V;, and ¢, — & is proportional to x. A
graph of n.—1n0 and (§:—£o), as obtained from tabu-
lated values of these functions, gives a graph of the
type shown in Fig. 2(b). Such graphs, for threec values
of 7o, are shown in Fig. 4. These graphs are straight
except for low values of £ — £, but the negative inter-
cepts on the voltage axis vary with no. We may take
the values of 4,/ which are of practical importance
to range from, say 1/3, where the linearity of the 3/2-
power line begins to be affected by insipient saturation
cffects, down to say 1/30, below which the currents
are so small as to contribute but little to the power out-
put of the tube. This range of Z.u/%0 corresponds to a
range of 7o from 1.1 to 3.4 as given by (7), and a
theoretical range of negative intercept of from about
11.5 to 19.5. Assuming 11,600/7 for a thoriated
cathode to be about 6.5 and for a tungsten cathode
about 4.5, the intercepts just given correspond to a V;
of from 2.2 to 3 volts for thoriated cathodes, and from
3.2 to 4.3 volts for tungsten cathodes. The exact
boundaries of each of these ranges are not to be
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considered as exact since they depend upon the tem-
perature at which the cathode is operated, but the
extent of variation of V, corresponding to the assumed
range of 4,.,/1 is of significance.

The conclusion to be drawn from the preceding dis-
cussion is that, although theory for the plane diode
does not support a V, which is entirely independent of
V,, theory docs show that 1, falls within a certain
small range, the average value of which is ditferent
from zero and may serve as an approximate correction
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Fig. 5—Potentials within a triode.

for the effects of initial velocitics of emission. Experi-
mental results show that for various configurations of
clectrodes, V, may for practical purposes be taken as a
constant. Then the straight lines of Figs. 2 (a) and (b)
may be taken as a practicable approximation to the
actual conditions, provided V, and x are not small.
The graphs of Fig. 2(b) would also apply to the
cylindrical diode if the abscissa were the proper func-
tion of the radius. We may then write the following
approximate cquations for the equivalent diode:

VIV + V) = 4mp (9
u = pv (10)
(V4+Ve = 1/2mo (1)

Where V is the potential measured from the cathode:
p is the charge density taken as a positive quantity for
clectrons; u is the current density; and v is the velocity
of the electrons. These cquations give values of V, p,
u, and v which agree approximately with the actual
values except for small values of V, and for points
close to the cathode.

In effect we have replaced the actual cathode by an
ideal cathode which emits electrons with zero initial
velocity and dropped its potential V, volts below the
potential of the actual cathode. The differences be-
tween the recal and equivalent diodes are confined to a
region close to the cathode. The potential sheet, cur-
rent density, and space charge at points remote from
the cathode are practically unchanged. It would then
seem possible to apply 9, 10, and 11 to multiclectrode
tubes of almost any configuration by assuming the

August

cathode replaced by the Child’s cathode at a lower po-
tential leaving conditions near the other electrodes
practically unchanged.

[liminating p and v from 9, 10, and 11 gives

e
u = ! Vz(lr + V{) ‘/ ’ (V + lvt). (12)

4r m
Suppose now that (V4 1) everywhere is changed to
(V'+ V) =X(1"+ 1), where X is some constant factor.
Equation (12) shows that #’ is cverywhere A2y, This
discussion was given by Langmuir®?? for the case of
zero initial velocity of emission. Langmuir also shows
that the paths of the celectrons retain their same shape.

The general result just derived is as follows: Within
the limitations set by the approximations, the current
densily at every point varies as (V4 V,)¥? provided
V4V everywhere is altered proportionately.

Since the total current to any clectrode is the surface
integral of the normal current density, the following
corollary of the genceral theorem is evident:

Lach electrode current is altered by a factor N3/% if the
potential V41", everywhere in the space surrounding all
electrodes is altered by the fuctor \.

We must now determine how the electrode poten-
tials 1, and 1, shall be varied so that the potential
1"+ 1V, shall everywhere vary in the same ratio. (Sce
Fig. 5.) Let the potential just outside the grid be V.
Then N+ 1Vi=V,—¢,+ V., where ¢, is the clectron
affinity of the material of the grid clectrode. Let V,’ be
the grid potential corresponding to the condition that
W+ Vi=NVi+ 1), But W+ V,=1,"—¢,+ V".. Thus

we have '
V' =, + Vo= NV, — o, + Vo). (13)

By the same argument, the corresponding cquation
for the plate is

Vo — ¢+ Vi NI —dp + V). - (14)

Evidently V, acts as though ¢, and ¢, were reduced
by an amount cqual to 1.

The potential of the space just outside the cath-
ode has been assumed as the origin of 17 and hence
zcro. The cathode potential 17, is at a potential
¢. volts above zero. Hence the usual grid potential
e, =V, —Ve=V,—¢. Similarly, the plate potential
ep=Vy-Ve=1,—¢. Substituting these expressions
for 1, and V, into (13) and (14) gives

¢ + (¢ — ¢o) + Vi= e, + (6. — ¢,) + 1] (15)
e’ + (o — ¢p) + V= )\["p + (¢ — ¢,) + rl]- (10)

Denoting [e,+¢c—¢,+ 1] by an cquivalent grid
potential ;0 and [e,+¢.—@,+ V] by e,0, then in order
that V4V, vary everywhere in the same ratio, e,o and
€p0 must vary so that their ratio is constant. This ratio

1o L Langmuir and K. T. Compton, “Electrical . discharges in
ggsl»e)s, Rev. Mod. Phys., vol. 3, pp. 192-257; April, 1931, (See page
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is defined as

(17)

Hence along any line of constant I. the grid and plate
currents vary as the 3/2 power of the voltage meas-
ured from an origin displaced from the actual origin
of e, and ¢, by voltages Ae,=¢,—¢.—V: and
Ae,=¢, —¢.— V., respectively. This rule may be up-
set if there is any considerable secondary emission
from either the plate or grid, or if the path of the
electrons at any point makes an angle with the lines
of force much different from zero. The rule also fails if
V is small.

The various potentials used in the preceding equa-
tion are shown in Fig. 5 as related to an assumed
potential distribution along one path in a triode. The
curve for V is the actual potential whereas the curve
for V4 V, gives the potential distribution which would
give the same currents if the initial velocities were zero.
This curve is shown dotted in the vicinity of the
cathode because in this region the values of V are too
small to permit the approximations to be applied.

For all triodes the constant total-current graphs,
examples of which are shown in Fig. 1, are remarkably
straight and parallel over a considerable region. Within
this region the total current can therefore be expressed
in the form

epo \*
i,,+ia=B(ego+ ) (18)

n

where B is a constant for any one tube and u is the
negative of the slope of the constant 7,41, lines. The
exponent 7 is as yet undetermined.

If now in (18) we factor out e,,/u, we have

€p0

Gotid=B( =) a+ur a9

7

The theoretical discussion just presented proves that
if L remains constant the current must vary as the 3/2
power of the equivalent plate potential e,. Hence n
must be 3/2.

The simple form of (19) applies over the region
where the constant total-current lines are straight. As
e,0 decreases the graphs depart from their straight
course. The reason for this departure is obvious.
When e, is less than e, the clectrons slow down as
they approach the plate. The slower the electrons the
greater the space charge. The increasing space charge
between the grid and plate as e, approaches zcro acts
as a shicld between grid and plate and reduces that
contribution to the field at the cathode caused by the
plate potential. Consequently a larger plate potential
is required to maintain the same total current from
the cathode.

When the plate potential becomes so low that elec-
trons are turncd back, some pass through the grid

Chaffee: Characteristic Curves of Triode
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toward the cathode to be again reversed in direction.
Some electrons may oscillate back and forth through
the grid never reaching either plate or cathode until
finally they hit grid wires. This action adds to the space
charge between cathode and grid. Consequently in
this case both grid and plate potentials must be in-
creased over those values which would give the same
total current from the cathode if the space-charge dis-

i" Ly = CONSTANT

EFF. PLATE POTENTIAL
<

EFF GRID POTENTIAL

Fig. 6—Constant-cathode-current curve for a triode.

tribution remained the same as for the straight portion
of the constant-current curves. This condition when
both grid and plate potentials are increased occurs
only when the potential e, is very nearly zero or is
negative or if a potential minimum develops between
grid and plate which causes the space potential some-
where in this region to be zero.

Referring to Fig. 6, ¢ ,0 is the plate potential for a
grid potential of e,0 which would give the assumed
i,41, if there were no abnormal increase in space
charge between grid and plate. Actually. the plate
potential must be increased to e, to overcome the
efiect of this space charge. Very often when L is greater
than unity, secondary emission from the plate to the
grid increases this space charge and this increases ;0.

The equation of the straight line given in (18) be-

comes
. ’ e’pﬁ e
i,+i,=B| e+ d
U

(20)

Substituting €', =e,0—y gives

¢ 312 3/2
i,,+i,,=li< ”°> (1— 2 +;;L> .
© epﬂ

The theoretical treatment shows that the parenthesis
must be a function only of L, hence

L = D) (22)

€po

Equation (21) can be written in a slightly different
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form which is better for the purposes of this discussion;
ie.,

i,+i,=B(ﬁl>m(1+pL)m< 1—- 1/4(_L)L >m (23)

u B

€0\ 32
=B (L) (14 uL)¥?F(L). (24)
W

The theoretical discussion shows that not only is
1,1, a function only of e, and L, but %, and 1, singly

o 50 100 ng 2
I, 5
_9} P
L-A]
LOWER | SCALE
B IPoN —_—

Ll =
 —_ .-——~.-———__________
1.0]
/] s 10 15
I73 s 20
z3

Tp
versus —for a cylindrical diode.
re J? re
fl o
Tp

are also functions only of e, and L as indicated by
the following expressions:

Fig. 7—Graph of

e,o 3/2
5 B(—) (1 + WLy (L) 25)
u
ep0 \ 32
. B(—) (1 + L) [F(L) — FyD)] (26)
u
0 3/2
= B(i> (1 + uL)¥/7F (L). 27)
u

It follows directly that the ratio of plate current to
grid current is also only a function of L. This law for
the ratio of plate to grid current was recognized to hold
approximately for the uncorrected grid and plate po-
tentials by Tank" and Lange' necarly twenty years
ago, and has been investigated by others since.!*-16
All theoretical derivations of the division of current

" F. Tank, “Zur Kenntnis der Vorginge in Elektrodenrshen,”
Jahr. der Draht. Tel. und Tel., vol. 20, pp. 82-87; August, 1922,

13 H. Lange, “Die Stromverteilung in Dreielektrodenréhren und
Ihre Bedeutung fiir die Messung der Voltaspannung,” Zeil. fir
Hochfrequens., vol. 34, pp. 105-109; April, 1928; and pp. 133-140;
May, 1928.

13 D, M. Myers, “Division of primary electron current between
grid and3a7node of a triode,” Proc. Phys. Soc., vol. 49, pp. 264-278;
May, 1937.

14 B. D. H. Tellegen, “De Grootte van der Emissiestroom in een
Triode,” Physica, vol. 5, pp. 301-315; October, 1925.

15 B, D. H. Tellegen, “De Grootte van der Roosterstrom in
een Triode,” Physica, vol. 6, no. 3, pp. 113-116; 1926.

18 Karl Spangenberg, “Current division in plane-electrode tri-
odes,” Proc. LLR.E., vol. 28, pp. 226-236, May, 1940.
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between plate and grid neglect the effects of space
charge, initial velocitiecs of emission, and secondary
emission, and assume an equipotential plane cathode
for plane triodes. The results are interesting but
necessarily only an approximation, especially for values
of L greater than unity.

The author has spent considerable cffort in the at-
tempt to express F(L), F,(L), and F,(L) in empirical
analytical forms. Although some degree of success has
been attained the author feels that any reasonably
simple analytical forms cannot be expected to fit all
cases sufficiently well to justify their use, and a much
better way is to express these functions graphically for
each tube as will be explained later.

The constant B in (25), (26), and (27), called by
Kusunose!? “perveance,” comprises certain fixed con-
stants and certain factors dependent upon the ge-
ometry of the tubc. Some information about these
factors can be determined by the following argument.
The space current of a plane diode is given by Lang-
muir’s expression

1 /2 end!? .
, S, plane diode (28)

1=—A/—

Or m X,

where S, is the area of the plate, x., is the distance
from cathode to plate, and e, has the same significance
asin the first part of this paper. For a cylindrical diode
the familiar corresponding expression is

2 J2e eyt

1= —Qp/ —

9 m  r,pB?

cylindrical diode (29)

where [ is the length of the cylindrical plate and r, is
the radius of the plate. The factor 8 is the series

8 I 7 2 (1 r,,>+ 11 (1 r,,> (30)
— 0 —_—— —— O -— e _— o« o o
8 s\ %) 1o\ %8,

where 7. is the radius of the cathode cylinder: Equa-
tion (29) can be written in the equivalent form

. 1 2e e,0°%S,
i=—yq/— S¢ (31)
Or m B8 2
s
Te
1 — ¢
Ty

Equation (31) is the same as (28) for the plane diode
except for the factor
B 2

. re
| o —
rl’

which is a function only of 7,/r.. This factor is plotted
in Fig. 7 and is seen to range between 1 and 1.21. It
may advantageously be considered to be divided into
S, to give an effective area as compared to the plate

' Yuziro Kusunose, “Calculation of characteristics and the de-

?iggzngd triodes,” Proc. I.R.E., vol. 17, pp. 1706-1749; October,
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area of an equivalent plane diode having the same
distance from cathode to plate. Evidently from Fig. 7
a cylindrical diode conducts less current thana plane
diode of the same plate area and x.,.

Consider a diode having a cross section as shown in
Fig. 8 (a). This may be considered as a plane diode
and cylindrical diode in parallel where x., is the same
for each. The equivalent plane diode will have an
effective plate area somewhat less than the actual area
because of the cylindrical portion. If the diode is of the
form shown in Fig. 8(b), we can divide the plate into
various portions each of which has some factor which
divided into the actual area gives the effective plate
area. If the distance from cathode to plate is different
for the different portions, a normal x., denoted by %o
can be factored out as indicated in the following equa-
tion:

1 7; 8,03/2 S,
B Or m .'X,'()2 Xep 2
Xo
where f is the factor different for each portion of the
plate. The sum may be an integral, but in any case the
expression is made up of geometrical factors and has
the dimensions-of an area. It can be considered as the
area of an equivalent plane diode for which the dis-
tance between cathode and plate is xo. Denoting this

equivalent area by Sy, the plate current of any diode
is represented by

(32)

ip

1 2e epe®l?
g 0Pt

Or m Xo

o (33)

If the tube structure is plane, it is shown elsewhere!®
that a grid and plate having potentials e, and ey
substituted for the plate of the diode gives the same

PLATE PLATE
{!EIIII!HMMEIII{I’ ( %é/' /xj o )
(a) (b)

Fig. 8—Cioss section of diodes.

field at the cathode in the absence of space charge pro-
vided the distances from cathode to grid and plate,
d, and d,, satisfy the following equation.

1 d,
Xep=dy| 14— ],
I‘da

and provided ey for the diode is replaced by €50+ €50/p.
Equation (34) is the first approximation and is suffi-
ciently accurate in most cases when the grid wires
block off only a small fraction of the total grid area.

The next step commonly taken is to postulate that
if the space-charge-free field at the cathode is the same
for the triode and the equivalent diode, the space cur-
rent from the cathode as limited by space charge will

(34)
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be the same in the two cases. This step is an approxima-
tion which is good only under certain conditions. If
the electrons near the cathode and as far out as the
potential minimum experience the same net force in
the two cases, the acceleration of the electrons and the
space-charge distribution in the vicinity of the cathode
will be the same. Hence the potential distribution in
the vicinity of the cathode will be the same, giving the
same potential minimum as illustrated in Fig. 9(a).
Under this condition the current will be the same in
the two cases. But the net force on an electron near
the cathode is the difference of the force due to the

e e
E ]
& =
& L) €
s H
e,
Sr
L750 — /A
P
2
e’ ______ Pl :
2 :
? i
Grid 1 Plale
wpe 4, i E !
Aeg——— !
———,——
(a)

Fig.9—Potential distributions ina triodeand in theequivalent diode.
Curves marked 0—without space charge
Curves marked p—with space charge.
(a) e, >e;. (b) e5 <eq.

space-charge-free potential gradient and the integral
of the force from the space charge throughout the
space. Although the former component of force re-
mains constant when e,0+ey0/u is the same, the dis-
tribution of space charge varies considerably, especially
for low values of e, when a large space charge de-
velops between grid and plate. This condition is illus-
trated in Fig. 9(b), a condition when the triode cur-
rent is not the same as for the equivalent diode.

Over the region where the constant 1,41, lines are
straight, that is, for values of L less than about 1/2, the
approximation is good as attested by the straightness
of the lines, and the triode and equivalent diode give
the same space current from the cathode. In this region
of the characteristic curves the principal portion of the
space charge is located near the cathode.

For a cylindrical structure the relation between the
radii of the grid and plate cylinders 7, and r, and the
radius of the equivalent diode 74 is given by the fol-
lowing approximation:'®

£
log —
74 T 1 7o
log— =log—| 1+ - (35)
Te 75 .oy Ty
og
e

If a triode has the shape represented in Fig. 8(a),
where it is composed of plane and cylindrical portions,

18 W, G. Dow, “Fundamentals of Engineering Electronics,”
John Wiley and Sons, New York, N. Y., p. 41,
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Fig. 10—Graphs of 1,%3, 1,3 tand (i,+1,)** versus ep, and e, for a triode.

the distance from cathode to the equivalent-diode plate
will be slightly diffcrent as calculated from (34) and
(35) when the distances from the cathode to the grid
and plate are the same for both portions. The cylin-
drical portion, however, can be reduced to an equiva-
lent plane portion having any chosen x, by assigning
the proper effective plate arca.

Generally, tubes are predominantly either plane or
cylindrical in structure. They can then be reduced to
the cquivalent plane or cylindrical diode, and the
ratio between the effective plate area and the actual
plate area is an interesting design factor. There is
some advantage for comparison of various tubes in

Plate Potential. /

o]
[

/ |

]

[ 1

€, €,,
Fig. 11—Method of determining Aepand Ae,,

(=]

Grid Potential

reducing all tubes to the equivalent plane diode as
expressed by (33). The dimensionless ratio S,o/x3 is
the cffective plate arca of a plane diode having a
cathode-to-plate distance of 1 centimeter. Denote this
quantity by S;.

The perveance B, called “constant” everywhere
above, in (25), (26), and (27) is related to S; by the
following relation:

1 2
B =— : 'S) or
9 m

= 2.331 X 10785, (in practical units)  (36)

EXPERIMENTAL TESTS

The theoretical deductions given above are satis-
factorily supported by experiments made on a num-
ber of tubes of plane and cylindrical form and having
values of u ranging from 1 to 25. For example, the
principle that all currents vary as e, along a line of
constant L is confirmed by the lincarity of the graphs
of the several currents raised to the 2/3 power against
ey as illustrated for one of the tubes in Fig. 10.
The tube for these results showed no appreciable sce-
ondary emission. When secondary emission exists that
part of the current contributed by sccondary electrons
docs not follow the principle and the graphs depart
from lincarity,

The analytical expressions are given in terms of e,
and e,o. Hence before the experimental results can be
plotted the displacement of the origin by the small
potentials Ae, and Ae, must be determined. These small
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voltage displacements have been previously defined as
follows:
Ae, = e, — ez0 = Pp

-, -V, 37

Ae, =€, —ego= P, — d.— Vo, (38) -
One procedure for determining Ae, and Ae, which
has worked satisfactorily is the following: Since sec-
ondary emission is practically absent on the L line for
unity, this line is best suited to this test. The actual
plate voltage e, is chosen so that when ¢, has the same
value i, is, say, 1/25 of the saturation current. The
value of , is also measured so as to obtain the value

of i,1/ip. This point is illustrated by P, in Fig. 11.
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( ip, ) —
P2
1
Ae, = = (40)
< 5y
ip
( ; ) — €qy
Doy = ——— - (41)
ip

(7;) -

The entire static-characteristic curves such as those
shown in Fig. 1 can now be represented by a very
simple graph as illustrated in Fig. 12. In this diagram

0. ‘ | o L
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[ 110
]
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< ‘ e
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Fig. 12—Log-log chart of the static curves for tube A.

A second point P; is then determined for which
i,2/ip2 is the same as for P;. Since the power dis-
sipation at the clectrodes is small thesc measurements
can be made with steady currents. If sccondary cmis-
sion is pronounced, lower values of 7, and %, may be
used to advantage.

The two points thus determined lie on astraight line
which projected passes through the origin of ez and
¢,0. The value of L for this line in gencral differs slightly
from unity but is sufficiently ncar to render the effects
of secondary cmission inappreciable. Obviously then

; 2
<.ffl> /‘ ) ep, — Qep
iy, €p0, ep, — Aéy

A similar relation holds for the grid voltages. From
these relations we obtain

(39)

the abscissa scale at the bottom gives values of e5o and
the ordinate scale at the left gives values of 7,. At the
right is a second ordinate scale of 1+4uL, or 14 L,
where Lo=pL. Also on this same scale the values of L
are marked off asshown. The value of 14 L, can be de-
termined directly from the dotted curve plotted to L as
rcad on the upper horizontal scale.

The current having the same ordinate as L=0 in
Fig. 12 will be called the “reference current” denoted
by 4,, and is conveniently taken as the value for the
lower boundary of the decade below the decade in
which saturation current falls.

Equation (24) can be expressed in logarithmic form as
follows:

J Y32 3 3
log (ip + io)u = log ep0 + 5 log (1 + Lo)

B
+ log IF(L). (42)
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If we consider first only the straight-line portions of
the constant ¢,414, lines including the straight-linc
extensions as shown in Fig. 6 for one line, log F(L) is
zero. Plotting 14 L, against e, for a constant total
space current equal to 1, gives a 45-degree line as shown
in Fig. 12, This line intersects the L =0 horizontal
(log (14 Lo)=0) at the value of e, corresponding to

4

te
o)

Fig. 13—Log-log chart showing use of F, (L) curve.

the intersection of the line of constant 7,41, equal to i,
with the plate-voltage axis (indicated in Fig. 6 by
point P) at a plate potential of e,". The valuc of e’

is, by (42),
ir 2/3
c,o” = #<E> . (43)

This 45-degree line also passes through the point L =1
at a plate potential of e,” as shown in Fig. 6. This
point is generally a more convenient point to de-
termine experimentally in order to locate the 45-degree
line.

A straight line drawn through point P and having
a slope of 3/2 represents (42) when L is zero and F(L)
is unity, and gives dircctly 7,41, versus ey for L=0.
Since 1, is zero because F,(L) is zero for L=0, this line
also gives 7,. The intersection of this line with an
ordinate at valuc of €,0 cqual numerically to 1004 gives
a value of i, which isnumerically equal to 1000 B. This
is the simplest way of determining the perveance B
from the chart. In the case of Fig. 12, B comes out to
be 2.7 X10~*(ampere/(volt)*?), giving S;=116 square
centimeters.

For any value of L greater than zero the three func-
tions of L in (24), (25), and (27) have values other than
unity or zero and their effect upon the currents must
be taken into account. The explanation is made by
referring to Fig. 13. The line already described, giving
1, versus ey for L=0and F(L)=1, and the 45-degree
line both passing through point P, are shown. The cur-
rent for any other L is obtained, according to (42), by
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adding to any ordinate of the line for L=0and F(L) = 1
the constant length representing 3/2 log (14 L,) and
subtracting the constant length log 1/F,(L). Selecting
the particular valuc of L or 14 Lo on the right scale,
a projection line is drawn to the 45-degree line at
point b and then downward to the L =0 horizontal at
point ¢. A line drawn through ¢ and having a slope of
3/2 gives the 1,-versus-e,9 line for the selected L but
assumes F,(L) to be unity. The vertical displacement
between this line and the line for L=0is evidently 3/2
log (14L,).

The vertical displacement downward of the line just
obtained by the distance log (1/F,(L) is obtained by
drawing a line with slope of 3/2 through point d, where
d lies on a curve for F,(L) obtained by plotting F,(L)
on the special left ordinate scale against point ¢ for the
value of L. This straight line through d gives the actual
plate current versus e, for the constant L chosen.

Curves for F(L) and F,(L) are also drawn as shown
in Fig. 12 and are used for determining the lines giving
the variation of the particular current with e, for
constant values of L. The construction is shown in
Fig. 12 for L =1. This is commonly called the “diode
line.”

200
|

g0

Fig. 14—Curves of constant ip+1,, ip, and i, for tube A,

The entire family of plate-current characteristics of
a tube is given by the chart just described if the single
curve Fp(L) and the point P are known. Similarly the
entire family of grid-current curves can be derived
from the single curve for F,(L).

The experimental data for plotting a complete chart
shown in Fig. 12 are casily taken. First the values of
Ae, and Ae; are determined by the method described
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earlier although for approximate results these small
corrections may be neglected or estimated. Next the
constant-current curves for i,+1,, i, and %, for the
value of 4, are obtained and plotted as shown in Fig. 14.
These data may be obtained by an instantaneous
method? or, since %, is small, these data may be taken
by the direct-current method. The cathode should be
equipotential or operated on alternating current, the
plate and grid return being connected to a mid-tap on
the transformer. There is little difference between the
data for these two conditions of the cathode except at
low plate and grid voltages. There is also shown on Fig.
14 a constant-grid-current curve for 4,/10 which is
freer from secondary emission and may be used to ad-
vantage in finding the normal shape of Fy(L). The
straight portion of the i,4%, curve is cxtended as
shown in Figs. 6 and 14. The slope of this line gives pu.
A number of L lines are then drawn as shown in Fig.
14. The several functions can be determined by the
method to be described for F(L). Referring to Fig. 6,
the intersections of the L line with the extended 7,41,
line and the curve are determined as represented by

extY, e,0!Y, and ey, €40. Then
( eaoIV ) 3/2
€g0

1V \ 3/2
F(L) = ("” )
€po

In case the intersection with the grid curve for #,/10
is used, the value of F(L) is obtained by multiplying
the 3/2 power of the voltage ratio by 10. The values
of the several functions are then plotted to abscissas
determined by projecting L from the right scale to the
45-degree line.

(44)

©€po
Fig. 15—Log-log chart of the static curves for tube B.
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Normally these curves for the three functions are
smooth as shown in Fig. 12. Secondary emission dis-
torts the F,(L) and F,(L) curves in opposite direc-
tions in regions above and below L =1, as shown for
tube B in Fig. 15. Generally the functions for no sec-
ondary emission can be fairly accurately drawn in as
smooth curves passing through the points for L=1and
joining onto the extremitics of the curve. As already
stated the grid curve for 4,/10 is much freer of sec-
ondary emission and helps to determine the correct
shape for F,(L) except for very large values of L. Also
the relation F(L)=F,(L)+ F,(L) is of assistance in
determining the true shapes of these curves.

The three dots on the L line slightly below the L=1
line in Fig. 14 are the points for 7, =100, 200, and 300
milliamperes used in determining the values of Ae,
and Ae,.

The straight lines of Fig. 12, having a slope of 3/2,
obviously take no account of saturation but give the
current versus e, for infinite emission. If the actual
space current i,+1%, versus e, for a constant L be
plotted, a curve of the shape shown by the upper graph
of Fig. 16 is obtained. Bell, Davis, and Gossling'? point
out that this curve has essentially the same shape if
the temperature of the filament is reduced, as shown
by the dotted line. It is, therefore, possible to obtain
this curve for reduced filament current so that the
clectrode dissipations remain within safe limits and
then move a template, cut out to fit the curve, upward

¥ |, Bell, J. W. Davis and B. S. Gossling, “High power valves:

Construction, testing and operation,” Jowr. I.E.E, (L.ondon), Wire-
less Section, vol. 13, pp. 177-199; September, 1938,
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along the 3/2-power line to the position corre-
sponding to full emission of the cathode. Full saturation
can be determined by direct measurement using some
instantaneous method such as that referred to, or by
calculation from the emission equation.?®

The particular saturation curve shown in Fig. 16 is
for a tungsten filament. Saturation is quite definite
but incipient saturation starts at currents which may
be as low as one quarter of saturation value. Bell,

T

1.000}-

SN G E— -

lpely REDUGED TEMPERATURE

100}-

10 100 I.(X)OO
€po

Fig. 16—Current-saturation curves for a tungsten cathode.

Davis, and Gossling explain this departure from the
straight line as caused partly by local saturation or
shielding of parts of the filament as in a coiled fila-
ment, and partly by the Schottky effect. It would seem
then that the shape of this saturation curve would de-
pend upon the geometry of the tube and upon the type
of filament. This is true, but for any type of cathode
the shape is remarkably constant. The thoriated and
oxide-coated filaments show less marked saturation
and often an carlier departure from the straight line
as shown by the saturation curves of Fig. 12,

It is obvious that all of the 7,414, lines for various
values of L must saturate at the same level of current.
Hence the template for the saturation curve can be
shifted horizontally for the various i,+1, lines.

For any given L there are three lines for 7,41, 1,,
and 7, as shown in Fig. 12 for L =1, Along the straight
part, the sum of 7, and 7, must equal 7,41,. It is evi-
dent that if the template is shifted vertically so as to be
tangent to the three straight lines at the same value of
ep0, and so that the vertical distance between any pair
of lines is the same throughout, the saturation curves
thus constructed give the same division of current
between plate and grid as for the straight region
where the currents are space-charge limited. That the
space current should divide in the same ratio in the
saturation region as in the space-charge region is by
no means evident but experimentally this seems to be
the case at least approximately. It is of little im-

20 [ R.E. Standards on Electronics, 1938.
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portance, however, whether or not the same law of
division holds in the saturation region because the
tube is seldom used so that current reaches saturation,
but the region approaching saturation is of practical
importance and in this region the law of division secems
to hold accurately enough for practical purposes.

A convenient scheme for reading values from the
chart will now be described. The saturation curve may
be drawn only on the straight line through P having a
slope of 3/2 as shown in Fig. 12, i.e., the line for 1,
versus e, for L=0. This curve following down along
the straight portion of P, is traced on a sheet of trans-
parent paper or celluloid. The horizontal and vertical
lines through P are also traced. This tracing can then
be moved so that the intersection point of the three
lines is made to coincide with the point on the curve
for the function of current division corresponding to
the chosen value of L, as, for example, over point d in
Fig. 13 if 7, along the L linc is desired. The vertical
and horizontal lines aid in lining up the tracing.

It has been pointed out that the 45-degree line
through P as shown in Fig. 12 is a constant-current
curve for 4, assuming F(L) is unity. The actual con-
stant-i, line for the value 7, can be derived by the
simple construction shown in Fig. 17. The projection

€.
Fig. 17—Construction for obtaining constant-current lines.

from L to b, and thus downward to ¢ and d, has been
described with reference to Fig. 13. Now projecting
from d to f along a line of slope 3/2, and then upward
to g on the horizontal to b gives the actual e, required
for the chosen L to give the plate current 1,. Projection
from j to k and then to /, gives the actual e, for a
grid current of 7,. A continuation of this process gives
curves of constant 7,41, 7, and 1, for a value 7, as
shown in Fig. 17 and in Fig. 18 for tube 4. For any
other constant-current line such as ¢, =1, projection at
the 7, level to I on the 3/2 line through P and then
downward to m gives the intersection point for a new
45-degree constant-i; line if F(L) were unity. The
actual constant-plate-current line for 4, can be obtained
by spacing off from the 45-degree line the distance qn
equal to the distance bg. Similarly for the grid-current
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. Fig. 18—Log-log chart for constant-current lines for tube 4.

line, distance ¢o is the same as distance bk. It is obvious
then that all of the constant-plate-current curves are
obtained by moving the curve for i, horizontally the
distance Pm. Similarly the constant 7,41, and 1,
curves for other values of current are obtained by
shifting the curves for 1, horizontally by the proper
distance. This suggests a simple scheme for deriving
all of the constant-current curves. The curves shown
in Fig. 18 for ¢, can be traced on a transparent paper
and then shifted horizontally to obtain other constant-
current curves. Unfortunately, however, the constant-
current lines cannot be made easily to take account
of saturation of the cathode.

The chart of the type shown in Figs. 12 and 15 has a
number of uses. First, it can be constructed, as already
suggested, from data for constant-current lines for a
single value 7,. These data can be taken at low power.
The rest of the curves can be derived from the chart,
the chart furnishing an easy scheme of extrapolation.
It is convenient to read off the values of current used
in the calculation of tube performance without the
necessity of constructing the usual constant-current
curves on the e, —e, plane. A second application of the
chart is as a means of comparison of tubes. The am-
plification factor and the plate area of the equivalent
plane diode are indicated on the chart, as already de-
described. For example, tubes 4 and B whose charts
are shown in Figs. 12 and 15 are of approximately the
same size and have the same maximum plate dissipa-
tion of 100 watts, yet tube B has an effective diode
plate area for 1 centimeter spacing of 221 square centi-
meters as compared with 116 for tube 4. The division
of current between plate and grid as it varies with L

is shown and comparison can be made for various
tubes. The values of F,(L) and F,(L) at L=1 is an
important condition for which a comparison can be
made. For example, tube B shows a larger fraction of
current going to the grid at L=1 than is the case for
tube A. The value of F(L) is in general smaller for
tube A4 than for tube B showing that the space charge
which builds up between grid and plate for low values
of e, has more effect in reducing space current in
tube 4, as would be expected because of its lower
value of u. Other uses for this type of chart may occur
to the reader.
CONCLUSION

In presenting the material in the charts in this
paper, the results on only two tubes have been given.
Actually, a great many tubes have been tested both
with cylindrical and plane plates, and in every case
the approximate laws given above have fitted the
experimental results. As already stated, secondary
emission, if present to any considerable degree, will
cause deviation from the extrapolated results, so that
if the data on any tube are taken at low power where
secondary emission is inappreciable, the extrapolated
results for higher values will be those which would
exist if secondary emission were absent. The author
feels that the method presented is sufficiently accurate
to be of practical value.
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Section Meetings

BuENOS AIRES
“Frequency Modulation” by Eduardo
Labin, Fabrica Argentina de Productos
Electricos, S. A., April 29,
“Impressions of a Trip to the United
States,” by A. T. Cosentino, Director of
Communications of Argentina, May 8.
“Frequency Modulation—Second Part,”
by Eduardo Labin, Fabrica Argentina de
Productos Electricos, S. A. May 22.

BUFFALO-NI1AGARA

“Impedance Measurements at High and
Low Frequencies” by F. A. Lidbury,
President, Oldbury Electro Chemical
Company, May 20. This was the An-
nual Meeting and the following new
officers were elected: Chairman, F. 11
Scheer, Colonial Radio Corporation;
Vice Chairman, L. F. Fiedler, Buffalo
Broadcasting Corporation; and Secre-
tary-Treasurer, Arnold Bartels, Colonial
Radio Corporation.

CINCINNATI
“The Subaudible Radio Signaling System,”
by Arthur Van Dyck, President, Insti-
tute of Radio Engincers, May 19.

GRIMES AND GILLIES BECOME PHILCO

CONNECTICUT VALLEY

“Impedance Measurements From One to
One Ilundred Megacycles,” by R. F.
Field, General Radio Company, Febru-
ary 19.

“A Secondary Frequency Standard Using
Regenerative Frequency-Dividing Cir-
cuits,” by F. R. Stansel, Bell Telephone
Laboratories, March 19,

Los ANGELES

“Radio-Frequency Impedance Mecasure-
ments at Frequencies up to 60 Mega-
cycles,” by J. K. Nunan, Professor of
Electrical Engineering, University of
Southern California, May 19.

“Design and Layout of Studio Transmis-
sion Facilities of Station W6XYZ,” by
K. U. Landsberg, Chief Enginecr, Tele-
vision Productions, Inc., June 23.

MONTREAL

“Frequency-Modulation Receiver Design
Principles,” by D. E. Foster, Rogers
Majestic Cogporation, April 29,

Inspection Trip to Dorval Airport, May
20.

VICE PRESIDENTS

Davib GRIMES

Josepn Harry GILLIES

David Grimes (A'20-M'28) was born on May 28, 1896, in Minneapolis, Minnesota.
e recesved a bachelor of science degree in engineering from the University of Minnesota

in 1919.

He served as chief radio officer at Kelly Field, Texas, during World War 1. After
the war, he joined the American Telephone and Telegraph Company as a research’
engineer in telephony. In 1922 he established a consulting engineering organization. In
1930 he entered the License Laboratory of the Radio Corporation of America as a license
engineer and four years later, entered the services of the Philco Corporation.

After having charge of the home-radio-set engineering, he was appointed chief
engineer in 1939. Ie was recently elected Vice President in charge of engineering.

Joseph HarryGillies (M'37) was born in Philadelphia, Pennsylvania,on July31,1909.
In the four years before 1929 when he entered the employ of the Philco Corporation,
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he worked for several radio manufacturers. He was placed in charge of the Production
Development Department in 1934 and became Assistant Works Manager in 1938. Ile
was appointed Works Manager in the next year and has recently been elected Vice Presi-
dent in charge of radio production.
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R. M. MORRIS NAMED
SIGNAL CORPS CHIEF
RADIO ENGINEER

Robert M. Morris (A'26) has been
named chief radio engineer of the
United States Army Signal Corps.

Myr. Morris was born in Washing-
ton, D. C., on January 18, 1902. He
altended Western Reserve University
and the Case School of Applied Science.

His first employment was with the
Western Electric Company. In 1924,
he became a member of the original staff
of WEAF when that station was estab-
lished by the American Telephone and
Telegraph Company.

When the National Broadcasting
Company was formed in 1927, he was
named Chief Development Engineer, a
title which he held until 1941 when he
was made business manager of the NBC
Radio-Recording Division. He is now
on leave of absence to serve the Govern-
ment in his new position.

PitTsBurGH

“Lock-in Tubes for Iligh-Frequency Ap-
plications,” by W. R. Jones, Director of
Commercial Engineering, Hygrade-Syl-
vania Corporation,May11. Annual Meet-
ing at which the following new officers
were elected: Chairman, D. A. Myer,
KDKA; Vice chairman, B. R. Teare,
Carnegie Institute of Technology; and
Secretary-Treasurer, A. P. Sunnergren,
West Penn Power Company, June 8.

SAN Francisco
“The New NBC Studios,” by Messrs.
Greaves, Phelan,and Mcllwain, National
Broadcasting Company, April 15.
“Electrical Concepts at Extremely High
Frequencies” by Simon Ramo, General
Electric Company, May 7.

ToronTO
“Service Problems of the Radio Industry
Under Wartime Conditions.” The first
part was presented by L. Jackson,
Canadian Westinghouse Company, and
the second part by G. J. Irwin, Philco
Corporation, of Canada, Ltd. This was
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the Annual Meeting and the officers
elected were: Chairman, T. S. Farley;
Vice Chairman, R. G. Anthes, Univer-
sity of Toronto; and Secretary-Treas-
urer, L. C. Simmonds, of A. C. Sim-
monds and Sons, May 11.

TwiN-CITIES

“The Army Signal Corps, Its Functions
and Procedure,” by C. A. Jacobson, U.S.
Signal Corps, May 27.

WASHINGTON
“Modern Cathode-Ray Tubes” by L. B.
Headrick, RCA Manufacturing Com-
pany, Inc., April 29.
“Radio Direction Finding” by G. V. Elt-
groth, Bendix Radio Division, June 8.

Membership

The following admissions to Associate
grade were approved on July 1, 1942,

Adams, E. L., Miami Valley Broadcasting
Corp., Dayton, Ohio

Affias, I. M., 3339 Hull Ave., New York,
N.Y.
Atkinson, C., Jr., Naval Research Labora-
tory, Washington, D. C,
Banthorpe, C. H., 12 Leigh Ave., Ilford,
Essex, England

Bartlett, G. W., 261 Whitman St., New
Bedford, Mass,

Bencan, W. L., 300 Cooper St., Camden,
N.J.

Burkhalter, A. H., 2 Rector St., New York,
N.Y.

Carpenter, A. G., Jr., 382 Warburton Ave.,
Yonkers, N. Y.

Crass, H. J., Jr., 3333 N. Marshfield Ave.,
Chicago, Ill.

Crooks, W. R., 8015 Leonard St., Phila-
delphia, Pa.

DePaul, V. A., 495 Prince Arthur W,,
Montreal, Que., Canada

Contributors
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Dossett, M. H., 857 Burlington Ave.,
Frankfort, Ind.

Dowdell, J. T., 16 Scott St., Utica, N. Y.

Dubbs, B., 1151 Stratford Ave., Bronx,
N. Y.

Easley, R. L., 1722 Marion St., Columbia,
S.C

Ellis, C. A., 101 W. Central St., Natick,
Mass.

Ellison, D. R., 3 Rod Rd., Alden, N. Y.

Espy, W. D., Ridgewood Ave., Waterford,
Conn.

Gegenheimer, W. C., Box 223, Pequan-
nock, N. J.

Gervais, W. A., International Telephone
and Radio Labs., 67 Broad St.,
New York, N. Y.

Glaser, R. A., National Research Council,
Ottawa, Ont., Canada

Hall, C. F., 1730 Highland Ave., Troy,
N.Y.

Hanson, A. N., 565 N. Grant St., Hinsdale,
1.

Hart, B. L., 101 General Heath Ave.,
White Plains, N. Y.

Heck, J. R., Box 91, Barrackville, W. Va

Hymans, S. J., 5046 W. Washington Blvd.,
Chicago, I11.

Jacobsen, I. R., B&K Television, 190 N.
State, Chicago, Ill.

Jarvis, J., 29 Forest Rd., Dumont, N. J.

Jessup, C. M., Detached 4 Communica-
tion Sq. c/o 37 Air Base Sq.,
Army Air Base, New Orleans, La.

Kelly, R. E., 4329 Montgomery Ave.,
Bethesda, Md.

Kilkenny, I., 306 E. Maumee Ave., An-

gola, Ind.

Lain, P. A., 224 Lyn Haven Dr., Alex-
andria, Va.

Lehr, P., 148-25-88th Ave., Jamaica, L.I.,
N.Y

Luk, Y. K., 318 S. Market St., Troy, Ohio

Malchow, M. E., 458 Berwick Ave., Town
of Mt. Royal, Que., Canada

Malone, W. H., Radio Station WGTM,
Wilson, N. C.
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McLean, H. H. Lakeview, Windsor Junc-
tion, N. S.
Mentzer, J. R., 11 Cedarwood Rd,,

Catonsville, Md.

Millen, T. 1., 69 Anderson Ave., Toronto,
Ont., Canada

Mills, J. E., “Officer’s Mess,” R.A.F. Sta-
tion, Cronwell, Lincs., England

Nieter, T., 1101 College Ave., Racine, Wis.

O’'Donnell, R. V., 1017 Putnam Ave.,
Brooklyn, N. Y.

Parker, W. E. D., “Kaygor,” Worlebury
Park, Weston-S-Mare, Somerset,
England

Porsch, A. W., 220 W. Fourth St., Em-
purium, Pa,

Quade, H. G., 5211-5215 Washington
Ave., Houston, Tex.

Ricks, J.B., 1236 Forest Ave., Wilmette, I1l.

Ruehl, G. C., Jr., 1 Tanglewood Rd.,
Catonsville, Md.

St. Petery, L. B., 1048 Dancy St., Jackson-
ville, Fla.

Shick, N. E., Oldfield Rd. at Lee Dr.,
Fairfield, Conn.

Schindler, R. W., 6813 Charles Ave.,
Parma, Ohio

Sloughter‘,qG. S., 5 Catherine St., Bestal,
N.Y.

Spitz, C. E., 2238 W, Jackson St., Phoenix,

riz.

Stockman, H., Cruft Lab., Harvard Uni-
versity, Cambridge, Mass.

Teplany, A. J., 3626 Hildana Rd., Shaker
Heights, Ohio

Vogel, W. \;V., 6120 Wolcott Ave., Chicago,
.

Walker, W. F., 1745 Catalpa Rd., Cleve-
land, Ohio

Warren, M., Jr., Louisville Pike, Mary-
ville, Tenn.

Whealy, J. E., 222 Tegler Bldg., Edmon-
ton, Alta., Canada

Wineer, W. A., 33 Maple St., Islip, L.I.,

N.Y.
Zurcher, L. A., Sycamore Ave., Shrews-
bury, N. J.

E. L. CHAFFEE

Emory Leon Chaffee (M'17-F'21) re-
ceived his B.S. degree from Massachusetts

Institute of Technology in 1907, and his
A.M. and Ph.D. degrces from Harvard
University in 1908 and 1911, respectively,
He is a Fellow of the American Physical
Society, American Academy of Arts and
Sciences, and a member of the Inter-
national Scientific Radio Union. He is
Rumford professor of physics, Gordon
McKay professor of physics and communi-
cation engineering, and director of Cruft
L.aboratory, Harvard University.

@

George L. Haller (A'28-M'36) was
born on May 8, 1907, at Pittsburgh, Penn-
sylvania. He received the B.S, degree in
electrical engineering from Pennsylvania
State College, 1927; the E.E. degree in
1934; and the M.S. degree in Physics,
1935, He was a radio engineer at KDKA
from 1927 to 1929; enginecer with E. A,
Myers and Sons, 1929 to 1933; graduate

GEeORGE L, HALLER

assistant, Pennsylvania State College,
1933 to 1935. He has been with the-War
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GROTE REBER

Department, Aircraft Radio Laboratory,
since 1935, becoming a Major in the
Signal Corps in 1942, Major Haller is a
member of Sigma Xi, Tau Beta Pi, Sigma
Pi Sigma, Eta Kappa Nu, and Pi Mu
Epsilon,

Grote Reber (A'33) was born on De-
cember 22, 1911, He received the B.S,
degree from Armour Institute of Tech-
nology in 1933. He was a radio engineer
for General Household Utilities in 1933 and
1934 and was with the Stewart Warner
Corporation from 1935 to 1937. Mr. Reber
attended the Uhiversity of Chicago during
1938, and in 1939 he went with the Re-
search Foundation of Armour Institute of
Technology. He returned to Stewart
Warner in 1941 to aid the war program,
Heisan associate member of the American
Rocket Society and the Chicago Astro-
nomical Society.

.
o

Hans Salinger (A'37) was born in Ber-
lin, Germany, on April 1, 1891. He re-
ceived the Ph.D. degree from the Uni-
versity of Berlin in 1915. From 1919 to
1929 he was a research associate at the

HANs SALINGER
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Reichpostzentralamt in Berlin and fror.n
1929 to 1935, professor at the Polytechni-
cal Institute and the Heinrich Hertz
Institut fiir Schwingungsforschung in Ber-
lin. From 1936 to 1942 Dr. Salinger was
with the Farnsworth Television and Radio
Corporation. He is an Alumni Member,
University of Pennsylvania Chapter of
Sigma Xi.

&

Charles F. Sheaffer (A’36) was born at
Shawnee, Oklahoma, on December 30,
1907. Since 1923 he has been active as a
radio amateur and experimenter., From
1927 to 1934 he was chief engineer of the
Oklahoma Broadcasting Company. From
1934 to 1942 Mr. Sheaffer was a member of
the engineering staff .of the Tulsa Broad-
casting Company, operators of KTUL.
Since February of 1942, he has been em-

Brown Dunkins Photo Reflex

C. F. SHEAFFER

ployed as a radio engineer with the United
States Signal Corps.

2,
o

Lynne C. Smeby (A'27-M'42) was
graduated from the University of Minne-
sota in 1928. In 1929 he was appointed
chief engineer of WRHM, now WCTN, in
Minneapolis and the next year he became
technical supervisor of KSTP in Saint
Paul. In 1935 Mr. Smeby became technical
supervisor of WXYZ, Detroit; WOOD-
WASH, Grand Rapids; and the Michigan
Radio Network. .In 1939 he joined the
International Telephone and Telegraph
company and was assigned to Puerto Rico
to renovate station WKAQ at San Juan,
install a coastal-harbor radiotelephone sys-
tem, and develop a police radio systemn for
the Island. In December of the same year
he joined the National Association of
Broadcasters in the capacity of Director of
Engineering, resigning in 1942 to join a
civilian group working for the Army Signal
Corps in Washington. Mr. Smeby is a
member of the Board of Editors of the
Institute of Radio Engineers and with Dr.

LynNE C. SMEBY

W. L. Everitt conducted the Annual Ohijo
State Broadcast Engineering Conferences.

Carl E. Smith, (A'30-M'39) was born
near Eldon, Iowa on November 18, 1906.
He received the B.S. degree in electrical
engineering from lowa State College in
1930. From then until the summer of 1931
he was a student engineer for the RCA
Victor Company, Inc., in Camden, New
Jersey, and tobk evening postgraduate
work at the University of Pennsylvania. A
year of postgraduate study at the Ohio
State University resulted in the M.S. de-
gree in electrical engineering in 1932. In
the summer of 1932 he joined the tech-
nical staff of the United Broadcasting
Company, became assistant chief engineer
in 1936, and chief engineer in 1941, In
1936 he received the professional degree of
electrical engineer from the Ohio State
University for research work on broadcast
transmitter antenna design. In 1935 the
Smith Practical Radio Institute was
founded by Mr. Smith. Since then he has
written all of the textbooks published by
the institute. He is a member of the Amer-
ican Institute of Electrical Engineers, and
a registered professional engineer in the
State of Ohio. -

CarL E. SMmiTH




Selecting an Attenuator

(in one easy lesson)

FIRST: Examine carefully the reputation of the manufacturer and his degree of
acceptance in the field. Check not only the performance of his products but the integrity
and responsibility of the firm itself.

SECOND: Refer to the catalog listing the most complete line of precision
attenuators in the world; "Ladder," "'T" type, ''Balanced H'" and Potentiometer networks
—both variable and fixed types. Many of your needs can be filled from the more than
6,000 standard DAVEN components listed.

Incidentally . . . this same catalog lists more than 80 models of Laboratory Test Equip-
ment as well as Super DAVOHM precision type wire-wound resistors, with accuracies
from 1% to 0.1%. It’s a valuable desk reference. Have you a copy?

THE DAVEN COMPANY

158 SUMMIT STREET o NEWARK, NEW JERSEY
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BEDFORD, MASS.,
NEW B S R
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CAPACITORS

@ For those highly critical applications, Aerovox

midget mica capacitors are obtainable in tolerances
of plus or minus 57, 3%, 2% and even within
1% in the silver mica types. Otherwise the standard
tolerance is 10%. Furthermore, these units are obtain-
able in low-loss (yellow) XM bakelite, in a finish
sealed for immersion, and specially treated for tem-
perature stability.

SILVER MICA . ..

For the most critical applications requiring precise capacity values
and extreme stability. Similar to standard “postage-stamp’ molded
bakelite units, but encased in molded XM low-loss red bakelite for
silver-mica identification. Silver coating is applied to mica and fired
at extremely high temperature. Perfect bonding for permanent stabil-
ity with respect to time, temperature, humidity. Sections thoroughly
impregnated and molded in bakelite casing. Units heat-treated and
wax-impregnated externally. Average temperature coefficient of only
.004% per degree C.; excellent retrace characteristics; practically
no capacity drift with time. Exceptionally high Q—3000 to 5000
in higher capacities. Types 1469, 1479 and 1464. 1000 v. D.C. Test;
500 v. Working. .000005 to .005 mfd.

MIDGET MICAS ...

Wide choice of molded-in-bakelite mica capacitors for transmitting
and receiving functions. Also with mounting brackets for meter shunt-

ing, with ceramic standoff insulators, screw terminals, binding posts,
etc.

Have You Our (Catalog ?

If you are engaged in designing, producing or maintaining commer-
cial radio or electronic equipment, you should have our Transmitting

Capacitor Catalog in your working library. Write on business sta-
tionery for copy.

in Canada
AEROVOX CANADA LTD.
Hamilton, Ont.

( N Y.
RT: 100 varick %t.,
g Cable ‘ARLAB
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SPEEDS PRODUCTION
LOWERS COSTS

WA

SPRAGUE

-KO0LORM

RESISTORS

Free You From

MOUNTING
Limitations

The unique construction of Koolohm

resistors allows them to be mounted Koolohms are doubly profected. The wire itself is Insulafed before being
wound AND—all types are sealed in sturdy, chip-proof, ceramic or fempered
directly to (and flat ogoins') metal or shock-proof glass casings.

Therefore, they operale safely and dependably even when mounted directly

grounded parts with complete resistor fo grounded parts with the simple attachmens illustrated above. All of fhese

circuit insulation. This offers a flexibility methods of mounting are foday being used by prime- and sub-coniractors who
L. . . are meeting exacting specifications with Koolohms,
in designing and manufacturing that is Meter mullipliers — high resistance, high-power unils, fruly non-inductive

resistors — ferrule type resistors that withstand the most severe sall wafter
immersion fest and other features are found In Koolohms—the answer fo
and changing — conditions. practically all your resistor problems.

Write lor further particulars, samples and catalog

SPRAGUE SPECIALTIES COMPANY
(Resistor Division) North Adams, Mass.

invaluable under today’s changed —

THE ONLY RESISTORS WOUND WITH CERAMIC-INSULATED WIRE

Proceedings of the I. R. E.  August, 1942 4y
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TRIPLETT ELECTRICAL INSTRUMENT CO.

BLUFFTON, OHIO

pree ty
e #‘M‘UJ

Model 625

Models 625 D.C. and 635 A.C. Portables
are unequalled for today’s rush in produc-
tion testing or the rigid requirements of
laboratory checking. These highly attrac-
tive molded case instruments have long
4.58" hand calibrated mirror scales. The
hinged cover closes when instrument is
not in use, for added protection. Black
molded case for D.C. instruments; A.C. is

red. Size is 6" x 514" x 215°. Has detach-
able leather strap handle.

Model 425

Another new Portable combining attrac-
tive symmetrical case proportions, a long
readable scale, and requiring a2 minimum
of bench space when in use. A real beauty
in design for those preferring something
d'lﬂ'erent. Case and base are molded; base
size 5" x434". Model 425 D.C. (3.12° hand
calibrated mirror scale); Model 435 A.C.
(2.88" hand calibrated iirror scale.)

Proceedings of the I. R, E.
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ALSIMac CAST STEATITE

OR PROMPT D 'VE"“ v'

OUR presses and lathes are busy making
close tolerance AlSiMag steatite ceramics
of intricate shapes.

However, where broader tolerances are
permissible and when comparatively simple
shapes are required (like those illustrated)
we can supply cast AlSiMag steatite
promptly. With the exception of tolerances,
cast AlSiMag steatite maintains the same
high quality for which our products are so
well known.

Frequently it is possible to redesign a part
to meet the requirements of casting. If your
production is threatened by a bottleneck due
to longer deliveries required for steatite
insulators, lay your problem before our
engineers. They will be glad to cooperate
with you to find ways and means to supply
you with AlSiMag cast steatite ceramic
parts in time.

in %@JM [M@ AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

O CLEVELAND o NEW YORK o ST.LOUIS ® LOS ANGELES ® SAN FRANCISCO ¢ BOSTON ¢ PHILADELPHIA ¢ WASHINGTON, D. C
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development. ar has changed the entire

structure of American manufactur-

‘\ . . - . .
ing with resultant shifting in engincering point of view. Electronic

designers are conquering problems never before presented:

Many defense developments will —when presented to the post-war
commercial market —make unheard of changes in electronic scope.

“Secret weapon” is a hackneyed phrase, but would be justified when
applied to any number of new applications of ¢lectronics. “RADAR,”
the u.h.f. aviation locator, may, for instance, be standard equipment
on commercial aircraft after the war. Yet it is only one phase of the
new developments.

The Raytheon laboratories are well in the vanguard of those develop
ing new devices and usages. When the war is brought to a successful
conclusion the RAYTHEON name will mean more than ever
before to the engineering world.

Raytheon Manufacturing Co.

WALTHAM AND NEWTON, MASSACHUSETTS

ARCH AND THE MANUFACTUBRBING OF TUBES
EW ERA OF ELECTHRONICS-

Proceedings of the I. R. E
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there’s a Zero on your tail!”' s

They work together better. ..

because they can talk together

ITeT

August, 1942

In the last war

The pilot’s warning

Could only have been expressed
By a frantic dipping

Of the plane’s wings.

There was no other means
Of communication between
One plane and another.

Today, pilots of our fighters,
Scaling the sky

At better than five miles a minute
Can talk with each other

As easily as if th?’ were lounging
In their quarters far below.

The modern radiotelephone
Links every pilot in the squadron.

T E—

As the talk goes back and forth
Fach man is instantly aware
Of his part in the fight.

Teamwork. The kind of teamwork
That wins battles.

Modern communication equipment
Designed and manufactured

Byl T. & T. associate companies

Is helping Uncle Sam

Coordinate his fighting forces

On land, sea and in the air.

The broad, peacetime experience
Of LT.&T.

In the field of communications
Is proving its value

In time of war.

INTERNATIONAL TeELEPHONE AND Terecrap CORPORATION 67 Broad St., New York, N. Y.

fssociate Manufacturing Companies in the United States
International Telephone & Radio Manufacturing ( ‘orporation

Federal Telegraph Company
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Clear the Lines for the War
. ~ *
Before you make a Long Distance telephone call
today, ask yourself these questions:
*
1. Is it necessary?
2. Will it interfere with war calls? *
The weight of war on the telephone lines is heavier
every day. We can’t build the new lines to carry *
it because sufficient materials aren’t available. -
We've got to make the most of the service we *
now have.
Please give a clear track to the war effort by *

confining your Long Distance calls to those that
are really necessary.

WAR CALLS
COME FIRST
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HYTRON

IF YOU PLAN WAR PRODUCTION WELL IN ADVANCE

IF YOU ORDER NOW THE TUBES YOU WILL NEED THIS WINTER, NEXT YEAR

FROM M-Day, the Government has made long-range plans which at first
may have seemed to deal with grandiose and astronomical quantities.
Men in a position to know, however, realized that only such careful thinking

and acting ahead could win the greatest industrial offensive of all time. In

your production campaign, too, let logistics precede strategy and tactics.

Make sure that you will have the necessary tubes to meet your delivery sched-
ules. If you will look to the future, Hytron will do its bit toward turning a sell-

er's market into a buyer's market for you.

TRaOLMANK REO.

Proceedings of the 1. R, E.

IMMEDIATE PRODUCTION SCHEDULED

Already the procurement divisions of far-

sighted manufacturers and government agen-
cies, after conferring with Hytron engineers,
have contracted for present production ca-
pacity at Hytron. Their tube needs have been
fitted into a production plan which will give
them the tubes they want, when they want
them. Whenever possible, small orders for
standard Hytron types will be filled on short
notice. Please keep in mind, however, the dif-
ficulties of procuring materials, of diverting
production facilities for small runs, and of
training new workers.

FACILITIES AVAILABLE THIS AUTUMN

Place your orders for late Fall delivery NOW,
to toke full advantage of the production fa-

cilities to be available later. Give Hytron a
chance to add to its schedule now the tubes
you will need in large quantities at the end
of '42, at the beginning of '43. Let Hytron
help you to avoid those echoes of a seller's
market: “Sorry, but . . . With regret . .. Un-
" Quadrupled War production
space, fast being converted into a bechive of

fortunately, . .

activity, is Hytron's assurance that your an-

ticipatory orders will be shipped on schedule.

REMEMBER: With your cooperation, it’s a Buyer’s Market at Hytron.

HYTRON CORP., Salem and Newburyport, Mass.

. Manufacturers of Radio Tubes Since 192 Lo s

August, 1942




We've got to stretch it

‘;{g-‘fﬂl' 4

450 Watt
plate diss.
Max. output
1800 watts

<

We need rubber to fight and win this modern
war. We must stretch our national supply...
give it to the fighting men who need it most.
The Nation’s needs for transmitting tubes are
as acute as those for rubber. It is the patriotic
duty of every transmitter man to stretch out the
life of his vacuum tubes to their maximum.

To help stretch out tube life, Heintz and Kauf-
man engineers have prepared a manval devoted
to getting the most out of GAMMATRON tubes
...how to conserve every hour of their long life,
utilize every bit of their tremendous power ca-
pabilities and to benefit by their maximum per-
formance. Complete tantalum construction plus
improved methods of processing and pumping
assure long life in all GAMMATRON tubes.

Uncle Sam need:s all the GAMMATRONS Heintr
and Kaufman can build, so make yours last as
long as possible. Write today for: “How to get
the Most out of GAMMATRONS".

5ENTZA--<®KAUFMAN§

— —— e
SOUTH SAN FRANCISCO \_LT0. /' caitrormia U-$-A

GAMMATRONS oF counse !
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THE INSTITUTE serves those interested in radio and allied electrical communication

fields through the presentation and publication of technical material.

THE PROCEEDINGS has been published without interruption since 1913 when the first

issue appeared. The contents of each paper published in the PROCEEDINGS are the responsi-

bility of the author and are not binding on the Institute or its members. Material appearing

in it may be reprinted or abstracted in other publications on the express condition that specific

reference shall be made to its original appearance in the PrRockEDINGS. Illustrations of any

variety, however, may not be reproduced without specific permission from the Institute.

STANDARDS reports are pub-
lished from time to time and are
sent to each member without
charge. The four current reports
are on Electroacoustics, Elec-
tronics Radio Receivers, and Ra-
dio Transmitters and were pub-
lished in 1938.

MEMBERSHIP has grown from
a few dozen in 1912 to about
seven thousand. Practically every
country in the world in which radio
engineers may be found is repre-
sented in our roster. Dues for the
five grades of membership range
from $3.00 to $10.00 per year. The
PROCEEDINGS is sent to each mem-
ber without further payment.

SECTIONS in twenty-six cities
in the United States, Canada, and
Argentina hold regular meetings.
The chairmen and secretaries of
these sections are listed on the
page opposite the first article in
this issue.

SUBSCRIPTIONS are accepted
for the PROCEEDINGS at $10.00 per
year in the United States of
America, its possessions, and
Canada; when college and public
libraries order direct from the In-
stitute, the subscription price is
$5.00. For other countries there is
an additional charge of $1.00.

The Institute of Radio Engineers, Inc.

Harold P, Westman, Secretary
330 West 42nd Street
New York, N.Y.

The Institute of Radio Engineers
Incorporated
330 West 42nd Street, New York, N.Y.
To the Board of Directors

Gentlemen:

I hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I shall be governed
by the Constitution of the Institute as long as I continue a member. Further-
more I agree to promote the objects of the Institute so far as shall be in my
power,

...................................................
..................................................
...................................................

SPONSORS .

(Signatures not required here)

..............................................................

..........................................................
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REMITTANCE SCHEDULE
Mowtn Duning

A,ﬁ:’;f:,o. Amount or REMiTrance (=Entaancy Fxs-}-Duss)
Reacnss LR.E, Wiuice SHoULD ACCOMPANY APPLICATION
Hrapguaateas

Grapz —» ASS0CIATR Pzriop Covzazp »v

Duzs Pavmznr

Jan., Feb. |/$7.50 (=$34$4.50%) Apr.-D)e;:. (9 mo. of current
Mar., Apr., May 6.00 (= 34 3.00°) ]urye-.l;ec. (6 mo. of current
year)t

June, July, Aug. 4.50 (= 34 1.50°) Oct.-Dec. (3 mo. of current

yeart

Sept., Oct., Nov. 9.00 (= 3+ 6.00°) Jln.-Dgc. (entire next
year
Dec. 7.50 (= 34 4.50°) Apr..Dec. (9 mo. of next
year)t

t You can obtain the Proczepines for the entire year by including with
. your ’pplu:nugn a request to that effect and a remittance of 89.08.
Associate dues include the price of the Procxzoines, as follows: 1 year,

5.00; 9 months, $3.75; 6 months, $2.50; 3 h o i
ze deducted from the dues p'l'yn:e:!. months, ‘l b DG B0

TO APPLY FOR ASSOCIATE MEMBERSHIP

To Qualify for Associate membership, an applicant must be
at logst 2{yyars of age, of good character, and be interested
in or connected with the study or application of radio science
or the radio arts.

n Application should be filed, preferably on blanks obtain-
fblc oﬁﬁrcqucst from L.LR.E. Headquarters or from the secre-
tary of your local Section. If more convenient, however, the
accompanying abbreviated form may be submitted. Additional
information will be requested later on.

Sponsors who are familiar with the work of the applicant must
be named. There must be three, preferably Associates, Mem-
bers, or Fellows of the Institute. Where the applicant is so
located as not to be known to the required number of member
sponsors, the names of responsible nonmembers may be given.

Entrance Fee and Dues: The Associate entrance fee is $3.00.

Annual dues are $6.00 per year, which include the price of the

PROCEEDINGS as explainedy in the accompanying remittance
’ schedule.

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL

EXPERIENCE

......................................

(Title and name of concern) .
Business Address .............ccoiiiiiieiiin
Home Address .............cooooo i,
Place of Birth ...................... Date of Birth ..........
Education .........ooiiiiiiiiiiiii
Degree ..ot e
(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

(Give dates and type of work, including details of present activities)

...........................

....................................................

Remittance: Even though the LRE.
Constitution does not require it, you
will benefit by enclosing a remittance with
our application. We can then avoid de-
aying the start of your PROCEEDINGS.

Your ProceeniNgs will start with the
next issue after your election, if you en-
close your entrance fee and dues as shown
by the totals in the accompanying remit-
tance schedule. Any extra copies sent in
advance of the period for which you pay
dues (see last column) are covered by
your entrance fee.

Should you fail to be elected, your en-
tire remittance will be returned.

..........

...........

OTHER GRADES are available to
qualified applicants. Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade, Stu-
dent membership is for full-time stu-
dents in engineering or science courses
in colleges granting degrees as a result
of a four-year course. A special appli-
cation blank is provided and requires
the signature of a faculty member as
the sole sponsor. Member grade is open
to older engineers with several years
of experience. Fellow grade is by in-
vitation only. Information and appli-
cation blanks for these grades may be

...........

...........

obtained from the Institute,

SUPPLIES

BACK COPIES of the ProceepINgs

may be purchased at $1.00 per copy
where available, Members of the In-

— stitute in good standing are entitled to
a twenty-five per cent discount.

VOLUMES, bound in blue buckram,

may be purchased for $14.25; $11.25 to
members,

BINDERS are $1.50 each. The volume
number or the member's name will be
stamped in gold for fifty cents addi-

tional,

INSTITUTE EMBLEMS of fourteen-

Record may be continued on other sheets this size if space is insufficient.

carat gold with gold lettering on an
enameled background are available.
The lapel button is $2.75; the lapel pin

Receipt Acknowledged ........... Elected ........... Notified
a1

with safety catch is $3.00; and the
watch charm is $5.00. All of these are
mailed postpaid.

...........
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Keep filament voltage as low as
possible consistent with output
and permissible distortion.

Keep plenty of sir on the glass
bulb—particularly on the scals
where glass joins metal or leads
go through—to reduce elec-
lrl:z'il and gas evolution from
g .

’/,'\""l >

Raise plate voltage in easy
steps when starting.

August, 1942

AYS to Make Your

Tungsten-filament Tubes
LAST LONGER

Here are a few suggestions for pro-
longing the life of pure-tungsten-
filament tubes, Specific installation
and operating instructions are avail-
able for every General Electric tube,
as well as general instructions for
water-cooled and air-cooled types.
Send us a list of the G-E tubes you
use. We shall be glad to furnish you
with complete service information.
A brief review of these instruction
sheets will enable you in many cases
to get thousands of extra hours from
hard-to-get tubes. General Electric,
Schenectady, N. Y.

Be sure there is plenty of water
flowing on water-cooled anodes
and plenty of air on air-cooled

des to prevent hot-spotting

Minimize anode dissipation by
careful tuning of tr itter,

Switch leads every 500 hours,
preferably once a week, when
filaments operate on d-c,

Prevent damage caused by
overloading the plate circuit.
Use protective devices such ss
a fuse or relay,

and gassing. o

4

~ N
;L

r e -
During starting cycle be sure
the instantaneous current does
not exceed 150 per cent of
normal current,

»

Hard water (over 10 grains per
gallon) should not be used for
water-cooling. Distilled water
will reduce scale formation on
anode.



COMPLETE YOUR FILES OF

PROCEEDINGS
of
The Institute of Radio
Engineers

WHILE BACK ISSUES ARE STILL AVAILABLE

Now is the time to fill out the gaps on your Proceedings shelf and replace lost or
borrowed copies. Already, more than 25% of all back numbers are no longer avail-
able. The following issues were in stock on September 1, 1941 and are available
(subject, of course, to prior sale) :

1913-1915 Volumes 1-3 QUARTERLY $1.00 per copy
1913 Vol. 1 Jan. (a reprint).

1916-1926 Volumes 4-14 BI-MONTHLY $1.00 per copy

1916 Vol. 4 Aug. 1922 Vol. 10 All 6 issues

1917 Vol. 5 Apr, June, Aug., Oct.,, Dec. 1923 Vol. 11 All 6 issues

1918 Vol. 6 Apr., June, Aug., Dec. 1924 Vol. 12 Aug., Oct., Dec.

1919 Vol. 7 Dec. 1925 Vol. 13 Apr., June, Aug., Oct., Dec.

1920 Vol. 8 Apr., June, Aug., Oct., Dec. 1926 Vol. 14 All 6 issues

1921 Vol. 9 All 6 issues

1927-1941 Volumes 15-29 MONTHLY " $1.00 per copy

1927 Vol. 15 Apr. to July, inc., Oct., Dec. 1936 Vol. 24 Jan. to April, inc., June
1928 Vol. 16 Feb. to Dec., inc. 1937 Vol. 25 Feb. to Dec., inc.

1929 Vol. 17 Apr. to June, inc., Aug., Nov. 1938 Vol. 26 All 12 issues

1930 Vol. 18 Jan., Apr. to Dec., inc. New Format—Large Size

1931 Vol. 19 All 12 issues 1939 Vol. 27 Jan. to July, inc.
1932 Vol. 20 Jan., March to Dec., inc. 1940 Vol. 28 All 12 issues
1933 Vol. 21 All 12 issues. 1941 Vol. 29 All 12 issues
1934 Vol. 22 All 12 issues 1942 Vol. 30 Jan. to date

1935 Vol. 23 All 12 issues

LR.E. MEMBERS . . . PUBLIC AND

COLLEGE LIBRARIES POSTAGE

L.R.E. members in good standing are entitled to a discount of
259% from the above prices. Information about discounts to ac-

Prices include postage in the United
States and Canada. Postage to other
countries: 10 cents per copy.

credited public and college libraries will be supplied on request.

Remittance should accompany your order

THE INSTITUTE OF RADIO ENGINEERS, Inc.
330 WEST 42nd STREET, NEW YORK, N. Y,
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USE WIDER TOLERANCES
WHEREVER POSSIBLE

Wherever possible specify + 20% or + 10% toler-
ance resistors instead of +5% tolerance. Stocks
of 10% in some ranges, and 20% in almost all
ranges, are available whereas 5% resistors must
be manufactured. In many types of resistors yield
is based on tolerance, therefore the wider the
tolerance the greater the yield. Specify wider
tolerances to save material, time in delivery, de-
lays in production.

USE STANDARD RESISTORS

Special resistors require spe-
cial engineering, tooling,
materials,and speciallytrained
operators plus special
Army and Navy stocks of
spares which greatly com-
plicate the problems of
fast production and replacement in the field.

Resistor users are urged to use standard types
and sizes wherever possible—standards of the
industry, and the standards included in existing
specifications for large percentage of Army and
Navy equipment.

WRITE
BL 7ok THE IRC
RESISTOR
GUIDE

Whatever your war equipment resistor need,
whatever your tolerance specifications or de-

livery dates, IRC will cooperate
to the full limit of its greatly ex-
panded facilities in meeting them.
We realize there are many cases

Roststor
Dr

TO SPEED DELIVERIES.. .CONSERVE CRITICAL MATERIALS

SPECIFY NON-FERROUS METALS

FOR NON;CONDUCI'ING PARTS
2

In many instances, speci-
fications can safely be
revised to eliminate hard-
to-get ferrous metals in favor of non-ferrous
metals. This is especially true of non-conducting,
non-functioning parts such as covers, shafts, etc.
for controls and rheostats. Not only does this
mean conservation of critical materials, but it
serves as an aid in obtaining materials promptly,,

SPECIFY DELIVERIES TO MEET
ACTUAL PRODUCTION SCHEDULES

The problem of specified delivery dates versus
actual production-use dates is a difficult one for
both buyer and supplier. With IRC Resistors
so generally specified for war work, however,
and with IRC production devoted 100% to
meeting these demands, our manufacturing prob-
lem is simplified when production-use dates are
specified. On this basis, deliveries can often be
staggered over an entire production period,
rather than being demanded far in advance of
actual use dates, thus taking a long step toward
“on time” deliveries for all.

where none of the foregoing suggestions may
prove applicable. Wherever they can be applied,
however, they will play a part—
small, but none the less important
—in speeding up the war effort and
increasing its efficiency.

INTERNATIONAL RESISTANCE COMPANY

431 NORTH BROAD STREET e
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Low pass, high pass, band pass or band rejection types of the
size, weight and characteristics to serve your purpose Discuss
your filter problem with expernenced Thordarson engineers.

THORDARSON

ELECTRIC MFG. COMPANY
500 WEST HURON STREET CHICAGO ILL

ﬁa naj&l/»w/z
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% ABOVE Low pass filter

3 09

| % LEFT Band pass filter
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effi-

technical
ciency is so urgently needed to

NOW

when

meet the growing requirements
of the Radio Industry—CREI
training for engineering person-
nel becomes of vital importance
in maintaining organization effi-

ciency.

The demand of industry for men with
modern technical training is creating op-
portunities for every professional radio-
man to advance himself to a more re-
sponsible, important position, In this con-
nection, CRE] performs a service to both
employee and employer . . . by increasing
the individual ability and earning power of
the man who wants to go ahead, and at the
same time helping to supply the industry's
demand for technical manpower.

Since 1927, CREI home study courses in
Practical Radio Engineering have been
known and respected throughout the entire
radio industry. Today, its modern, basic
trammmng 1s more mmportant 1o ‘radiomen
who are more serious than ever to work at
top efficiency and take advantage of the
opportunities for advancement.

Alert engineers are encouraging CREI
home-study training for their employees.
Your recommendation of our courses to
your associates will increase the efficiency
of your engincering staffi—create better
morale, and provide additional technical
ability.

We will be pleased to send our free de-
seriptive booklet together with complete
particulars to you, or to any man whom
you think would be interested.

“Since 1927

CariTtoL RADIO
ENGINEERING INSTITUTE
E. H. RIETZKE, President

Home Study Courses in Practical Radio Engineering
Jor Professional Self-improvement

Dept. PR-8, 3224 — 16th Street, N.W.
WASHINGTON, D.C.

Contractors to the
U. S. Signal Corps—U. S. Coast Guard
Producers of Well-Trained Technical
Radiomen for Industry
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TYPE 850 High Frequency, High Voltage Unit

Capacity ranges 10MMF to 100MMF and
intermediate values. Available either Zero
or Max. Negative temperature coefficient.
Standard tolerances as to coefficients and
capacity. Size %" long. .765" diameter,
exclusive of terminals.

Power Factor .05% does not increase with
ageing. Voltage rating 5000 volts D.C.
A.C. voltage rating varies with frequency.

Terminals available in two types; same as
- Type 840.

Proceedings of the I. R. E. August, 1942

CENTRALAB: Div. of Globe-Union Inc., Milwaukee, Wis., U. S. A.

TYPE 840 High Capacity

Available in any temperature coefficient
from zero to —.00075 mmf/mmi/C".

(1) Zero Temperature Coefficient up to 1500 MMF.

(2) Negative Temperature Coefficient up to 3000 MMF.

SIZE: .780" diameter Steatite tube - length varies
with capacity and temperature coefficient.

500 MMF NTC approximately %" long.
1000 MMF NTC approximately 1" long.
500 MMF ZTC approximately %" long.
1000 MMF ZTC approximately 1%2" long.

Power factor of .05% — does not increase
with ageing.

Voltage rating — 1000 volts D.C. Leakage
more than 10,000 megohms.

Terminals — two types available:

(1) Lug .030" thick threaded for 6-32 ma-
chine screw, or conventional soldering

(2) Axial mounting post with 6-32 ma-
chine screw thread.

xvit




Antennas

are playing a
leading role in

America’s war

communications

On land, at sea and at air-
ports, as well as on mobile
units, Premax Telescoping,
Adjustable  Antennas are
maintaining communications
under the most critical con-

ditions.

In this all-out war emerg-
ency, Premax has enlisted its
entire personnel, experience
and resources in the manu-
facture of Aluminum, Monel
and Steel Antennas. They are
True . . . our present activities are | ,_ demonstrating their ability to
mostly high priority War-Time Work | : , meet requirements  under
...yet, we have recently greatly en- |\ 30 g vy ron ik
larged our Manufacturing facilities Q. ‘

+--and perhops we could take care i Send for catalog of stand
3 nd-

of your needs. Why not submit your ) P o i gd Nl
# it ar ntennas an ount-

problems to us NOW. .. and we will
ings, or submit your specifica-

do our best to give you an answer.
Please address Dept. No. 23.

tions if special designs in

fully telescoping and adjust-

FR o oy S .
: . - i able equipment is required.

HALLCROSS MFG. CO. Il}emaxﬂoa{lmé

COLLINGDALE, PENNA. Division of Chisholm-Ryder Co., Ins.

1
| 4215 Highland Ave., Niagara Falls, N.Y.

xviii
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SUBASSEMBLIES
FURNISHED BY
ISOLANTITE

release production facilities and
personnel for major assembly jobs

T IS the countless minor assembly operations that
I add to the cost and delay the production of war
equipment. By turning over to Isolantite Inc., for
subassembly, the parts in which steatite is combined
with metal in various forms, you release needed pro-
duction facilities and skilled hands for major assem-
bly tasks. Isolantite’s ability to furnish subassemblies
that meet the most exacting demands is a matter of

record.

In addition tospeeding war production, this “‘subas-
semblying” gives youall the advantages of Isolantite.*
Among these are the extremely close dimensional
tolerances Isolantite’s manufacturing processes per-
mit . . . its adaptability to the production of intricate
shapes...and a uniformity of product, high mechani-
cal strength, electrical efficiency and non-absorption

Proceedsngs of the 1. R, E. August, 1942

of moisture which contribute greatly to dependable

insulation performance.

If you have a problem in production that is vital
to Victory, Isolantite-furnished subassemblies might
help solve it. War equipment manufacturers taking
advantage of this unique service enjoy the benefits
of Isolantite high-grade insulation at the same time

that they ease the burden of war production.

ISOLANTITE

CERAMIC INSULATORS

ISOLANTITE INC., BELLEVILLE, NEW JERSEY

% Registered trade-name for the products of Isolantite Inc.
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Booklets, Catalogs
OHMITE oY ' |and Pampbhlets
Meets Today’s £4 . . o
\ . : i | The following commercial literature has
cri ical Needs \ ' : been received by the Institute.
in Rﬂdio Cllld B ‘ i | PapPER CaPACITORS* * * Solar Manufactur-
ing Corp., Bayonne, N. J. (Catalog 12—
Ele"roni‘ Section C, 48 pages, 84 X11 inches.) This
Applications

is an exceptionally valuable and well illus-
trated booklet on every kind of paper
capacitor manufactured by this firm.
Seventy capacitors are shown in photo-
graphs and specifications given on hun-
dreds of types. Some fine ‘‘design draw-
ings" are included and every conceivable
aid has been provided for quick and accu-
rate selection of the type of capacitor, and
its specifications is given. The back page
features a clever “visual index” which
should please any radio engineer because
line drawings of the major classes of
capacitors, with indexing below, make it
easy to find what you want at a glance.

NGINEERS choose Ohmite prod-
ucts because of their extreme de-
pendability. Today, Ohmite Rheostats,
Resistors, Chokes and Tap Switches are
used in endless variety and number in
radio, electronic and industrial applica-
tions, in planes, tanks, and ships
Widest range of types and sizes. Many
stock units. Units produced to Govern-
ment specifications or engineered for
you.

Mica CaraciTors® * * Solar Manufactur-

i | ing Corp., Bayonne, N. J. (Catalog 12—
Section E, 32 pages, 84X 11 inches.) This
booklet is a similar treatment of Mica
Capacitors to that of Paper Capacitors as
described above. Forty-three Mica Capac-
itors are illustrated and specifications given
Rheostats-Resistors OHMITE MANUFACTURING COMPANY for many more. The same useful back page
TapSwitches 4861 Flournoy Street, Chicago, U. S. A. index is used. Radio Engineers can obtain
copies of these catalogs by writing on their

........ N firm's letterhead.

Send for Catalog and Manual No. 40.

HT
"‘\G W/, Write on company letterhead for complete,

L) x d helpful 96-page Catalog and Engineering

OHMITE

Manual No. 40.

3

PRECISION  INSTRUMENTs® * * Leeds &
Northrup Co., 4908 Stenton Ave., Phila-
delphia, Pa. (A new company publication
called “MODERN PKECISION” 16 pages,
104 X154 inches.) Describes and illus-
trates in newspaper style new develop-
ments in L&N instruments,

BEryLL1UM CopPER FUSE CLips * * * Littel-
| fuse Incorporated, 4757 Ravenswood Ave.,
Chicago, Ill. (Specifications, 4 pages,
84X 11 inches.) Describes the unusual
physical properties of this alloy used in
fuse clips, to increase length of life.

ELECTRONIC LiMiT BRIDGE * * * Radio City
Products Co., Inc., 127 West 26th St., New
York, N. Y. (Bulletin 126, 4 pages, 83 X11
. ... Accuracy and inches.) Describes this and other sensitive
dependability are laboratory and production instruments
built inta every . ~ ! lll]s]eful to Al)n'erlca'.s wartime industries.
Bliley Crystal Unit. et ustrated. Prices given.

Specify BLILEY far

assured perfarmance.

DyNaMoOTORs * * * General Electric Com
pany, Schenectady, N. Y. (Booklet, 4 pages, !
8X10} inches.) Illustrates and explains
construction of G-E dynamotors which
will provide suitable voltage for radio
transmitters and receivers used in aircraft,
tanks, and other mobile field and trans-
portation equipment.

General Electric Co., also offers an interest-
| ing data page entitled “G-E Transmitting
Tubes, Interchangeability Chart” (Page

- - 101, June 1, 1942) which radio engineers

| may wish to request with above booklet.

INDIVIDUALIZED INCO NICKEL ALLOYS * * *

BLILEY ELECTRIC COMPANY
The International Nickel Co., Inc. 67 Wall

UNION STATION BUILDING ERIE, PA. St., New York, N. Y. (Catalog, 12 pages,
(Continued on page xxiv)

=
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Dust takes a holiday

A TINY SPECK OF DUST . . . no bigger
than a gnat’s whisker . . . may loom
as large as a battleship, if trapped in the
lens system of a bomb sight during
assembly

Abrasive grit plays havoc in the mass
production of precision-built aircraft
motors.

Industrial fog . . . from vaporized
coolants for cutting tools . . . reduces
lighting levels and may injure the health
of workers in blackout plants.

Dust and dirt are the invisible saho-
teurs that constantly threaten the life of
machinery . .. cut down wartime produc-
tion . . . impair the quality of precision
parts when quality countsas never before.

Many filtering mediums have heen
used to remove air-borne dust and dirt
from ventilating systems. None has
proved as efficient or as economical as
the Westinghouse Precipitron.

There’s good reason for this. The Pre-

cipitron removes dust electrostatically by
attracting highly ionized dust particles
... as small as 1/250,000 of an inch . ..
to electrically charged plates. Here they
adhere, allowing 909, dust-free air to
flow to the ventilating fans.

The Precipitron first saw the light of
day in the Westinghouse Research Labo-
ratories when G. W. Penney, electro-
physicist, studied the possibility of
adapting the electrostatic precipitation
principle to ventilating systems.

Westinghouse engineers lowered the
applied voltage of the older system, from
as high as 100,000 down to 13,000 volts.
They cut dangerous ozone concentra-
tion to less than 1 part in 100,000,000.
By separating the ionizing and collecting
elements, they increased efficiency . . .
and reduced installation, operating, and
maintenance costs.

Thousands of Precipitron cells are now
supplying dust-free air at Naval air
stations where bomb sights are over-
hauled . . . and in war production plants

making binoculars, range finders, and
submarine periscopes.

A combined Precipitron capacity of
15,000,000 cubic feet per minute has
heen installed in stores, hospitals, textile
mills, steel-mill motor rooms, labora-
tories, hotels, homes . . . wherever dust-
free, pollen-free air is essential.

The Precipitron is but one of many
examples where Westinghouse ‘“know
how’’ has been applied to speed war pro-
duction . . . to forge better weapons for
victory.

OPERATION OF THE PRECIPITRON
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® Westinghouse

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY, PITTSBURGH, PENNSYLVANIA -
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PLANTS IN 25 CITIES — OFFICES EVERYWHERE
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THAN A SLIDE RULE

This new Rider Book greatly
reduces the time required for
alternating current engineer-
ing calculations—speeds up
the design of apparatus and
the progress of engineering
students, Two to five times as
fast as using a slide rulel

A-CCALCULATION
CHARTS are designed for use

by civilian engineers and en-
gineers of the armed forces
who operate in the electrical

communication — power —
rad{o — vacuum tube — tele-
phone—and, in general, the
electronic fleld. Invaluable
for instructors as well as stu-
dents, and also administra-
tive officers who check engi-
neering calculations.

RANGE OF THE 145 2-COLOR CHARTS

Freauency 10" oyctes to 1000 Reactance 0.00 ohm to
megacycles megohms
Inductance 10 mijcromicro- Susceptance 0.1 micromho
henrys to 100,000 100 mhos
henrys Impedance 0.01 ohm to 10
Cagacitance  0.0001 micromicro- megohms
farad to | farad Admlittance 0.1 micromho to
Resistance 0.01 ohm to 10 hy
megohms B b 0.1 t D
Conductance 0.1 mioromho to Phase Angle 6° to 89.94
100 mhos

e A-C CALCULATION CHARTS

9/, x 12 inches

JUST OUT — ORDER NOW!
JOHN F. RIDER PUBLISHER, Inc.

404 FOURTH AVENUE, NEW YORK CITY
Export Division: Rocke-International Elec. Corp., 100 Varick St., N. Y. C. - Cable: ARLAB

Solar's latest complete presentation,
taid out and edited to save time for
busy engineers and technlicians. Your
copy available upon letterhead request

J

CAPACITORS

CATALOG 12 - SECTION C

SOLAR MANUFACTURING CORP., BAYONNE, N. J.
T g ‘;&,\_ '{)_,\'f?‘:‘ "
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Binders

for the Proceedings
Protect your file

of copies against

damage and loss

Binders are available for those who
desire 10 protect their copies of the
Proceepings with stiff covers. Each
binder will accommodate the twelve
monthly issues published during the
year. These binders are of blue Spanish
grain fabricoid with gold lettering and
will serve either as temporary transfers
or as permanent bhinders. They are so
constructed that each individual copy
of the Proceepings will lie flat when
the pages are turned. Copies can be
removed from the binder in a few
seconds and are not damaged by their
insertion.

Available for both the old, small
size, PROCEEDINGS or the new, large size
(1939 to date).

Price: 81.50

either size (specify which)
Postpaid to all countries
You may have a volume number or

your name stamped in gold for 50 cents
additional.

Remittance should accompany
your order

THE INSTITUTE OF
RADIO ENGINEERS, INC.
330 West 42nd Street,
New York, N.Y.
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POSITIONS OPEN

The following positions of interest to IL.R.E.
members have been reported as open. Ap-
ply in writing, addressing reply to com-
pany mentioned or to Box NO. toeevennes

PROCEEDINGS of the LR.E.
330 West 42nd Street, New York, N.Y.

NOTICE TO APPLICANTS

All men having employment records on
file at Institute headquarters are requested
to notify us immediately of their con-
tinued availability and at least every three
months thereafter. Failure to receive noti-
fication will void application, as we are
endeavoring to keep accurate files of only
those men still available for placement.

I.R.E. ASSISTANT SECRETARY

The Institute has immediate need for
the services of a man with some business
experience and a good general knowledge
of communications engineering for the
position of Assistant Secretary. Duties in-
clude carrying on correspondence, assisting
the Secretary in conducting the Institute’s
activities, acting as secretary to technical
committees, etc. Writing ability and pu}r-
lication experience desirable. Apt})ly in
writing to the Secretary, Institute of Radio
Engineers, 330 West 42nd Street, New
York, N.Y.

NAVY LABORATORY

An activity of the United States Navy
is in need of civil Junior, Assistant and
Associate Radio Engineers; Assistant and
‘Associate Physicists and Physicists for
Laboratory research and development work
in conjunction with the war effort pro-
gram. Salaries range from $2000.00 to
$3800.00 per annum. For further informa-
tion and application fér employment form
write the Director, U. S. Navy Radio and
Sound Laboratory, San Diego, California.

RADAR LABORATORY

The Signal Corps Radar Laboratory has
urgent need for Physicists and Engineers
with Mechanical, l%lectrical, and Radio
training. Inexperienced engineering gradu-
ates can also qualify.

Salaries range from $2000 to $3200 and
up.

Draftsmen, Engineering Aides, Elec-
tricians, and Radio Mechanics also are
wanted.

Apply in writing stating full qualifica-
tions to: Civil Service Representative, Sig-
nal Corps Radar Laboratory, Camp Evans,
Belmar, New Jersey.

CIVILIAN ORDNANCE ENGINEERS

The Naval Ordnance Laboratory of the
Washington Navy Yard is seeking research
and engineering men holding Ph.D. de-
grees or like calibre to head up new re-
search problems—Salaries are very attrac-
tive.

Also—men with proven ability as Me-
chanical Engineers, Electrical Engineers,
Physicists and Draftsmen are urgently
needed.

An unusual opportunity as the work is
among men proven leaders in their respec-
tive fields who have been loaned to the
Navy by their civilian employers, and ex-
cellence of war-time worE will certainly
receive recognition in peacetime industry.

Only American citizens can be consid-
ered. Apply by letter—stating full experi-
ence, education and qualifications to Robert
F. M‘oorc, Naval Ordnance Laboratory,
Washington, D.C.

Attention Employers . . .

Announcements for ‘“‘Positions Open' are
accepted without charge from employers
offering salaried employment of cngineer-
ing grade to I.R.E. members. Please suppl
complete information and indicate whic
details should be treated as confidential.
Address: ““POSITIONS OPEN," Institute
of Radio Engineers, 330 West 42nd Street,
New York, N.Y.

The Institute reserves the right to refuse any
announcement without giving & reason for
the refusal.
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Resistance Tuned Audio Frequency

Oscillators Set the Pace!

Y

Vel
{

Vi

Small size S
" i )l}
High output ; >

Logarithmic scale

No zero setting

COMPLETELY STABLE OSCILLATION
FREQUENCY with an extremely low thermal
drift is provided by -hp- resistance-tuned audio
oscillators. The thermal drift is not magnified
as is the case with beat frequency oscillators. A
balancing circuit automatically selects the proper
operating point. The frequency is tuned over a
10 to 1 range by means of a variable condenser.
Multiplying factors are provided which extend
the total range from as low as 7cps on some

models to as high as 200kc on other models. Gotstani Rt

Basically, the resistance -tuned audio oscillator Low distortion

consists of a stabilized amplifier with regenera-
tion supplied through a resistance capacity net-
work. The amplifier increases the effective Q of
the network to provide excellent stability.

Don’t put off writing for full information about
this and other equally important -hp- instruments,
all developed to provide the utmost in speed and
accuracy for production and laboratory testing.

HEWLETT-PACKARD COMPANY
BOX 135-F STATION A - PALO ALTO, CALIFORNIA

LABORATORY INSTRUMENTS
Chicago Office HollywoodDfice New York Oﬁr\x
ALFRED CROSSLEY N. B. NEELY BRUCE O. BURLINGAME
549 West Randolph Sucet $334 Hollywood Boulevard ASSOCIATES
Chicago, Illinois Hollywood, California 69 Murray St., New York City, N. Y.
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PRINCIPLES

Fourth Edition !

[ ]
are important now.

549 pages 5l x7%

‘ A timely revision of a highly-success-
ful text. Guides the student in easy stages
to a working knowledge of radio. Contains the
latest material on detection, ultra-high frequencies,
television, radio frequency amplifiers, vacuum tube de-

tectors, antennas, etc. Considers the applications of radio which

“Henney” is the recommended textbook for the course for radio
technicians designed for the U. S. Signal Corps and sponsored

by the U. S. Office of Education.

Copies Available on Appr:wal
JOHN WILEY & SONS, INC., NEW YORK |

“The new edition is ‘firat-rate. . . .""

OF RADIO

By KEITH HENNEY
Editor, ELECTRONICS

316 illustrations $3.50

—

(Continued from page xx)

8} X 11 inches.) Gives individual charac-
teristics, mechanical properties and appli-
cation information of various nickel alloys.
Tables of physical constants and available
forms are included.

MICROPHONES AND AcousTicAL DEvICES
o ¢ Shure Brothers, 225 West Huron St.,
Chicago, Ill. (Catalog 154, 8 pages, 8§ X11
inches.) Well illustrated and designed to
aid in the proper selection of microphones
for various War and Vital Civilian appli-
cations. Includes prices.

Also there is a Shure Booklet on SuPER-
CarpioiD DyNAMIc BRoOADCAST MICRO-
PHONE which the radio engineer may wish
to request at the same time.

ELECTRICAL  INSTRUMENTS * * * Wesling
house Electric and Manufacturing Co., East
Pitisburgh, Pa. (Booklet B-3013, 34 pages,
8} %11 inches.) Describes instruments for
industrial, central station, laboratory.
portable switchboard and miniature panels,
Somewhat in format as the quick selector
catalog, the new booklet lists all instru-
ment types for specific applications on an
instrument selector chart. Illustrations in-
clude 120 photographs, 44 representative
meter dials and 13 types of strip and circu-
lar charts. Address requests to department
7-N-20.

DeLAY RELAYS® * * Amperite Corp., 561
Broadway, New York, N. Y. (Data Sheets,
3 pages, 84 X 11 inches.) Covers relays and
delay relays sealed in glass bulb. Another
data sheet covers ballast tubes, and a third
gives epecifications on ballast tubes for

xxiv

automatic regulation of current 4nd volt-
age.

THE OHMITE NEWS*® * * Ohmite Manufac-
turing Co., 483541 Flournoy St., Chicago,
Ill. (House Organ, 2 pages 8} X 11 inches.)
February issue gives brief biography of
William Duddell and discusses the Dud-
dell Oscillograph and Thermo-galvanome-
ter. March issue describes an Ohm's Law
Calculator offered by Ohmite for soldiers
and sailors in training schools. April Issue
reports on Ohmite Rheostats. May issue
gjves applications for fixed lug type re-
sistors.

BATTERY REPLACEMENT CHART® * * Radio
& Technical Publishing Co., 45 Astor Pl.,
New York, N. Y. (Wall chart, 1 sheet,
203X 17 inches.) Designed for service men
but may be useful to radio engineers in
determining batteries for 1250 models of
portable radio receivers. Mailing cost 10¢

WIRE DaTA* * * Callite Tungsten Corp.,
544 39th St., Union City, N. J, This firm
offers radio engineers a free chart consist-
ing of three tables giving dianreters,
weights, conversion factors and physical
properties of wire for aid in designs and
specifications. Two sizes are available, a
hand sized celluloid card, and a wall chart
36X21 inches, '

THE GENERAL RADIO EXPERIMENTER * * *
General Radio Co., 30 State St., Cambridge
lMass. (.Housez()rgan. 6X94 inches.) March.

ssue gives 12 interesting es on “How
Good Is An Iron-Cored Coii??g" April lss‘:xe
covers “Increased Power-Factor Range for
Ehe Capacitance Bridge” and other sub-
jects.

NOTE

The American Lava Corporation hes ex-
ressed great regret that its June adver.
numcnt iIn PROCEEDINGS of the LR.E
was, in part, a copy of an admirable in-
stitutional advertisement previously used
by the Varnish Products Company of
((cvclond Ohio. This inadvertence is con-
trary to their long established policy and
they wish by this means to give due credit
to the originator of such & brilliant in-
spiration,
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DISPLAY ADVERTISERS
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4
COOLER TUBES

No. 4 of o series devoted to extending tronsmitting tube life

These are days when extreme care in extending the life of trans-
mitting tubes now in service pays big dividends. This care—
far beyond any which might be considered advisable in normal
times — can aid in guarding against failure and, perhaps, costly

interruptions to your service.

One way of making an easier
schedule for tubes is to keep them
cooler. This can be done by re-
ducing plate voltage and dissipa-
tion to the lowest permissible
limits. Another, and often more
feasible, method is to use forced-
air cooling—even on tubes where
it is not specified or, in other cases,
to a greater extent than may be
specified for normal use.

xxvi

}

ROTATE YOUR SPARES!

Vacuum tubes are like tires in that
they should not stand unused for long

/_/{ \ beriods. Thus, an important factor

in obtamingoptimum life is to rotate
tube spares—just as you rotate spare
tires to assure every bit of service of
which they are capable.

LAST LONGER

'\?(/here ’tubes are already being operated conservatively, ad-
ditional air cooling may not be of any great benefit,yet is desirable
as long as specified operating temperature limits are observed.
In other cases, worthwhile savings in be life may be obtained.

A few cautions sbould be ob-
served in using air-cooling: Place
fans so that their air blast is well
distributed over the entire tube,
not concentrated on one side.
Screen fans with a fine mesb wire
to avoid blowing dirt on tubes and
clean the tubes regularly to remove
any dust that may collect. Be care-
ful not to over-cool mercury-vapor
tubes. Hold all rube operation to
specified temperature limits.

TRANSMITTING TUBES

RCA Manufacturing Company, Inc., Camden, N. J.
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MORE

TODAY’S C-D Capacitors Speed Victory . . .

A flying boat, bounced from a war-
ship’s catapult, does its tour of patrol
ahead of a convoy. Suddenly a sub is
sighted! The radio flashes warning to
the convoy leader. Destroyers, eager
for the kill, plunge forward, Y guns
ready . . .

Victory demands split-second team-
work of planes and ships, men and
equipment. The “impossible” of the
last war has become routine. We are
proud that the finer performance of

C-Ds FIGHT WITH THE CONVOYS

TOMORROW'S C-D Capacitors assure more hours of use per dollar for American industry

C-D Capacitors is successfully meeting
the Axis challenge wherever radio and
a hundred other electrical and elec-
tronic devices serve on critical war

duty
Today's C-Ds speed Victory. Tomor-

row’s C-Ds assure more hours of ca-
pacitor use per dollar for American
industry. Cornell Dubilier Electric
Corporation, South Plainfield, New
Jersey; New England Division: New
Bedford, Mass.

: Cornell Dubilier Capacitors

IN USE

TODAY

THAN ANY OTHER

Low Capacity Bypass Capacitors
copied * imstated
but never duplicated
Type DY Capacitors are fitled and
impregnated with non-inflammable
Dykanol and hermetically sealed.
They will operate under all ch-
matic conditions and at tempera-
tures up to 80°C. Particularly de-
signed for marine a'ppllcnuons,
Ideally suited for r.f. and a.f.
bypass and a.f. coupling
Described in Catalog No. 160T
free on request.

M A KE



“IMPEDANCE BRIDGES

ASSEMBLED FROM LABORATORY PARTS”

In electrical testing, particnlarly wnder war con-
tracts, there are many oceasions when aceurate
measurements of impedance—resistanee, indue-
tanee, capacitance and power factor—are urgently
needed. Commercial impedance bridges may not
be readily available, Or the need may be for one
particalar type of measurement where a “tailor-
made” bridge would be desivable. In either case,

many eleetrical laboratories already have suflicient

cussed in a series of articles entitled “Impedance
Bridges Assembled from Laboratory Parts,” which
appeared in the General Radio Experimenter.
These articles have been reprinted in the 2 l-page
booklet illustrated below., Mueh information not
usually found in text books is included, as for in-
stanee, how to choose the best bridge ¢irenit for a
given type of measurement, and how to determine

the magnitude of residual impedanee errors.

General Radio standard parts available from which
\ copy is yours for the asking. This booklet should

the desired impedance bridge conld be ecasily as-

: v ;
saxnblad, be especially useful 1o students. Copies are avail

able for educational institutions.

How 10 set up and use impedance bridges was dis-
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Caoambridge, Massachusetts




