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An Electronic Potentiometer*
M. A. HONNELL, ASSOCIATE, L.R.E.

Summary—A direct-current, degenerative, slide-back, vacuum-
tube voltmeter employing standard potentiometer design principles is de-
scribed. The voltmeter is completely self-calibrated upon construction.
By adjusting the voltmeler to the same reference balance condition for
all voltage measurements, the grid current is readily reduced to less
than 10-° ampere. Voltages in the range from I fo 100 volts are read
to four significant figures in the experimental model of the voltmeter.

INTRODUCTION
% I -‘1 HE most accurate voltage standard available to

the independent investigator is a standard cell

employed with an accurate potentiometer. That
is, a known voltage and standard resistances are util-
ized to establish definitely known voltages. This idea
is incorporated in a direct-current vacuum-tube volt-
meter which employs an accurate potentiometer and
a known current, or a known voltage, as an integral
part. [tis a degenerative, slide-back, triode voltmeter
designed to utilize the advantages of both the direct-
current slide-back! and degenerative voltmeters.? A
direct-current vacuum-tube voltmeter of this type is
the nucleus of an accurate all-purpose instrument
which may be used as a direct-current ammeter when
provided with shunts, or as a radio-frequency volt-
meter? and ammeter® when used in conjunction with a
diode voltmeter.

THEORY OF OPERATION

Fig. 1 is the fundamental functional circuit of the
voltmeter. Initially, the push-button switch PB is
pressed to the position marked “set,” and the cathode
resistor R; is adjusted so that the milliammeter reads
exactly 0.001 ampere. Assume, then, that the voltage
to be measured E; is precisely 40 volts, and that this
voltage is applied to the voltmeter with positive polar-
ity on the grid of the tube. When the push button is
released to the position marked “read,” the cathode
current, as indicated by the milliammeter, will change.
It is apparent that the meter reading may be returned
to 0.001 ampere at one particular setting of the
100,000-ohm potentiometer marked P. At this
setting, R is precisely 40,000 ohms, and the voltage
drop across R, is 40 volts.

With the circuit constants shown in Fig. 1, and a
reference current of 0.001 ampere, direct voltages up
to 100 volts may be measured. For example, if the
unknown voltage is 95 volts, the meter reading will
be returned to 0.001 ampere when R, is 95,000 ohms.
The voltage drop across R, is then 95 volts. For

* Decimal classification: R243.1, Original manuscript received
by the Institute, September 9, 1940; revised manuscript received,
June 17, 1942,

t Georgia School of Technology, Atlanta, Georgia.

U H. J. Reich, “Theory and Application of Electron Tubes,”
McGraw-Hill Book Company, New York, N. Y., 1939, pp. 571-574.

W, N. Tuttle, “Type 726-A vacuum-tube voltmeter,” Gen.
Rad. Exp., vol. 11, pp. 1-6; May, 1937,

3 D. B. Sinclair, “The ty 26-A vacuum-tube voltmeter as a

radio-frequency ammeter,” Gen. Rad. Exp., vol. 13, pp. 14, Aug-
ust-September, 1938.
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any particular adjustment of the potentiometer,
R,+ R, = 100,000 ohms. It is evident that if the meter
is accurately calibrated at the single point of 0.001
ampere, the unknown voltage is read in terms of the
resistance of the section of the potentiometer marked
R, in Fig. 1. Furthermore, the circuit is adjusted to
identical values of element potentials and currents for
all voltage measurements.

With a plate-supply voltage of 250 volts, the total
voltage drop across the potentiometer is 100 volts,
when the cathode current is adjusted to the reference
value of 0.001 ampere. The remaining voltage drop is

—0O+
Ebb= 250 volts
. [)
40'vo|fs éR,ﬂl—?.OOOn
¢ P 100 volts
60 i/olis R 6(1),000:1
- v
O-

Fig. 1—Fundamental functional diagram.

across the tube and Ri. The value of the plate-supply
voltage is dictated by the range of voltages to be
measured and by the circuit constants employed.
However, it need be only high enough to permit ad-
justment of the cathode current to 0.001 ampere.

One of the principal factors governing the accuracy
of the voltmeter is the precision with which the cath-
ode current may be adjusted to the reference value of
0.001 ampere. It is evident that the total resistance
included in the cathode circuit has the predominating
effect on the value of the plate, or cathode, current.
The cffect of the various circuit parameters on the
sensitivity of adjustment of the plate current to the
nominal value may be determined to a first approxi-
mation through a mathematical investigation of the
circuit by use of the equivalent plate-circuit theorem.
Referring to the basic circuit of Fig. 2, the voltage
increment AE,, acting from the grid to the cathode,
causes an incremental change in plate current

(1)
where

= the amplification factor of the tube,
r, =the dynamic plate resistance of the tube, and
,=the total resistance in the external plate-to-
cathode circuit.
The change in plate current AI, flowing through R,
produces the voltage drop AI,R, with a polarity
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opposite to AE,, the incremental change in input
voltage. The net incremental grid voltage acting from
the grid to the cathode of the tube is defined by

AE, = AE; — AILR,. )
Substitute (2) in (1) and solve for AI, to obtain
AE;
al, = + R ’ 3
r
p TR R,
u

Since both u and r,maybe considered constantwhen the
point of operation is in the vicinity of the nominal

Fig. 2—Basic circuit.

plate current, or as the balance point is approached,
(3) may be written in the form

AF;
E+ R,

P

(4)

where
’p + Rl
m

=

Equation (4) gives the incremental change in plate
current about the balance point to a good degree of
accuracy. For a given change in input voltage, the

- change in plate current approaches a maximum as the
resistance of R, approaches zero. Therefore, as R, is
increased, the least perceptible change in plate current
is decreased for a given change in input voltage. How-
ever, the resistance of R, is small when low voltages
are measured, and it is large when relatively high
voltages are measured. The effect of this is to render
the per cent accuracy of adjustment of the voltmeter
reasonably constant over most of its range.

Wide changes in plate voltage have no effect on the
accuracy of the voltmeter so long as the plate-supply
voltage remains constant during the interval between
the initial and the final adjustments of the potentiome-
ter. The degeneration present with any particular ad-
justment of the potentiometer aids in providing good
stability of setting.

Vacuum tubes with far-different characteristics
may be interchanged in the voltmeter without affect-
ing the calibration, since the calibration of the volt-
meter is dependent solely upon the calibration of the
potentiometer and of a single point on the milliamme-
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ter. It is to be noted that this voltmeter differs from
the usual self-calibrating slide-back vacuum-tube volt-
meter in that it employs a single meter, or indicating
device.

Tue PracticaL VOLTMETER

In order to reduce to a minimum the manual opera-
tions necessary in making a voltage measurement, the
basic circuit of the vacuum-tube voltmeter is rear-
ranged as in Fig. 3. The push button PB is pressed,
and Ry — R}’ is adjusted so that the meter in the cath-
ode lead reads exactly 1 milliampere. Then the push-
button is released and the voltmeter is ready for use.
The cathode resistor Ry — R, consists of a fine and a
coarse adjustment in order that the initial cathode-
current adjustment may be precisely made.

A vacuum-tube voltmeter utilizing the circuit of
Fig. 3 with arange of 0 to 100 voltsis illustrated in Fig.
4. The tube employed in the voltmeter is a 6F5GT, a
high-u triode with a small glass envelope. The grid
lead of the 6FSGT is brought through the top of the
glass envclope, thus insuring a high-resistance path
between the grid and the other elements in the tube.

Fu

g

LINE

Fig. 3—The practical vacuum-tube voltmeter circuit.
R, =5000-ohm potentiometer
R, =125,000-ohm bleeder resistor
R;y=5000-ohm resistor
R(=5000-ohm adjustable resistor
Ry= 25Q-ohm variable resistor
Ry’ =resistor adjustable in ten 200-ohm steps
POT. =100,000-ohm Thomson-Varley potentiometer
C=16-microfarad electrolytic condenser
TR =small power transformer
T,=6FS5GT triode
Trand T3=VR150-30 glow-discharge tubes
T=1-V rectifier

In order that the setting of the potentiometer, and
hence the unknown voltage, may be read to four sig-
nificant figures, a 4-dial, 100,000-ohm potentiometer,
or calibrated voltage divider, of the Thomson-Varley*
type composed of resistors of 0.1 per cent accuracy is
employed. The total resistance of this type of potenti-
ometer remains constant irrespective of the position of
the individual dials. Fig. 5 is a schematic diagram of
this potentiometer. Any potentiometer having a con-
stant total resistance independent of the setting is
suitable.

‘ C. L. Dawes, “A Course in Electrical Engineerin ,7 vol. 1,
McGraw-Hill Book Company, New York, N. Y.g, 19371, ;g) 184.
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As the normal plate current drawn by the voltmeter
is only 0.001 ampere, a simple power supply using a
1-V rectifier tube suffices. Two glow-discharge volt-
age-regulator tubes connected in series maintain the
plate-supply voltage constant at 300 volts. The heater
of the 6F5GT has enough “thermal inertia” to elimi-
nate fluctuations of plate current due to rapid variations
of heater voltage. It is desirable, however, to connect
the vacuum-tube voltmeter to a small voltage-regu-
lated transformer for maximum stability, where fre-
quent variations of line voltage are encountered.

The meter is a 5-inch diameter, 0 to 1.5 milliammeter
accurately calibrated at the 1-milliampere point. Two
terminals connected in series with the milliammeter
are provided on the panel of the vacuum-tube volt-
meter in order that a highly accurate external meter,
or other calibration device may be conveniently em-
ployed. It is to be noted that the use of an external
meter has no effect on the calibration of the voltmeter.

The saturation value of the plate current with the

Fig. 4—Experimental model of the vacuum-tube voltmeter.

circuit constants and the plate-supply voltage em-
ployed is less than 3.0 milliamperes. This value of
current is insufficient to cause severe damage to the
meter on overload. If the grid becomes positive on
large overloads, the milliammeter will read the sum
of the plate and the grid currents. The resistance in
the cathode circuit provides some degree of protection.
If the normal grid current at the balance condition is
negligible, the meter may be placed directly in the
plate circuit. The milliammecter may be completely
protected by connecting a 1-megohm resistance in
series with the grid of the tube,

Honnell: An Electronic Potentiomeler
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When this vacuum-tube voltmeter is used to meas-
ure the output voltage of a diode voltmeter connected
to a resonant circuit, it will give a direct qualitative
indication of resonance in the circuit. Resonance is
indicated by a maximum increase in the cathode cur-
rent for any particular setting of the Thomson-Varley

o

Fig. 5—100,000-ohm Thomson-Varley potentiometer.
A =eleven 10,000-ohm resistors
B =eleven 2000-ohm resistors
C=eleven 400-ohm resistors
D =calibrated 800-ohm potentiometer
S=two-gang, ten-position switches connected so as to
bridge over two resistors in series as indicated.
With 100 volts applied to the potentiometer, the output is
36.45 volts for the switch positions indicated in the figure.

36.45 V.

potentiometer. After resonance has been established,
it is an easy matter to read the exact value of the volt-
age developed at the diode voltmeter output terminals
by using the slide-back feature.

The stray voltage developed at the diode voltmeter
output terminals with no input voltage is balanced out
by an equivalent voltage developed across the variable
cathode resistance Ry — R’ In order to effect this bal-
ance, the diode input terminals are shorted, the Thom-
son-Varley potentiometer is set at zero, and the cath-
ode resistance Ri— R, is adjusted for the reference
cathode current of 0.001 ampere. The voltmeter is then
ready for alternating-voltage measurements.

GRID CURRENT

In a sclf-biasing circuit of the type used in the volt-
meter, the grid is always negative with respect to the
cathode at the reference balance condition. With this
mode of operation, the input resistance of the tube is
extremely high, as normally there is only a minute
grid-circuit current®® due to (1) electrons emitted by
the cathode, (2) positive gas ions, (3) insulation leak-
age, (4) clectrons emitted by the grid, and (5) positive
metallic ions emitted by the cathode. The first three
of these contribute most to the grid current.

¢ Institute of Radio Engincers, “Standards on filectronics,”
1938, Section [11-1), pp. 34 - 38.

s R. M. Bowic, “'l‘lhm matter of contact potential,” Proc. I.R.E.,
vol. 24, pp. 1501-1513; November, 1936.
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The grid emission current (4) is reduced in the prac-
tical voltmeter by operating the 6FSGT at a heater
voltage of 5 volts instead of at the rated value of 6.3
volts. The insulation leakage current (3) is reduced by
coating the glass envelope of the tube with ceresin wax
and by carcfully insulating the external grid circuit.
The positive-ion current (2) will vary considerably
from tube to tube. It may be reduced by employing
a low plate-to-cathode potential. Variations in the net
grid current are much more objectionable than the
fact that a grid current flows. For this reason, it is
important that all insulation in the grid-cathode cir-
cuit of the voltmeter he nonhygroscopic.

Grid current causes an appreciable voltage drop in
the voltage read across the terminals of a high-re-
sistance voltage source, and i, therefore, undesirable.
The grid current is particularly objectionable if the
internal resistance of the voltage source and the mag-
nitude of the grid current are unknown.

In the vacuum-tube voltmeter of Fig. 3, the grid
current is reduced to less than 10-* ampere by adjust-
ing the grid bias to the “floating-grid” potential? of
the tube in the following manner: A resistance of 100
megohms shunted by a push-button short-circuiting
switch is connected to the input terminals of the' volt-
meter. Then with the calibrated potentiometer set at
zero, the cathode resistor Ry — R, is adjusted for the
reference value of plate current of 1 milliampere. If
the plate current changes when the high resistance is
short-circuited, a new value of plate-supply voltage
is sclected by means of the resistance Ry in Fig. 3, and
the plate current is again adjusted to 1 milliampere. A
combination of plate and bias voltages is readily found
which gives no change, or a minimum change, of plate
current when the 100-megohm  resistance js short-
circuited. In the event that there is a change in plate
current when this resistance s short-circuited, the
voltage drop developed across it is measured by read-
justing the plate current to 1 milliampere by means of
the calibrated potentiometer. The grid current is then
calculated from the known value of the 100-megohm
resistance and the voltage drop as read from the po-
tentiometer setting. It is understood that these cx-
treme precautions to reduce, or to calculate, the grid
current are necessary only when a minute grid current
may not be tolerated.

CALIBRATION AND Accuracy

The inherent over-all accuracy of the voltmeter is
determined by the precision of design of the potentj-
ometer, the accuracy of the calibration of the meter at
a single point, and the stability of all circuit parame-
ters during a measurement interval, [t js important
that the resistors comprising the potentiometer have a
low temperature coefficient of resistance, and are free
from aging effects. These resistors need dissipate a

? R. H. Cherry, “The Measurement of Direct Potentials Origi-
nating in Circuitsof llif)h Resistance,” Bulletin printed by Leedsand

Northrup Company, Philadelphia, Pennsylvania, 1938, Reprint
E-96R(ls) 180-738.

total of only one tenth of a watt when the voltmeter 1s
balanced, and less than a watt under extremely un-
balanced conditions. The temperature rise of the re-
sistors is, therefore, negligibly small.

The vacuum-tube voltmeter is completely calibrated
upon construction, if the I-milliampere point is aceu-
rately marked on the milliammeter, This point may he
checked at any time by connecting an accurate labo-
ratory milliammeter to the calibration terminalg
marked B in Fig. 3. The completed vacuum-tube volt-
meter may be precisely calibrated by checking it
against a standard cell,

In using the vacuum-tube voltmeter for dircet-
voltage measurements, no difficulty is encountered in
repeating readings to four significant figures for volt-
ages in excess of 1 volt, As fewer dials of the potenti-
ometer are brought into use when voltages lower than 1
volt are read, the number of significant figures obtain-
able is necessarily reduced. It must be remembered,
however, that the ultimate ber cent accuracy of the
experimental model of the vacuum-tube voltmeter is
limited by the accuracy of the resistors comprising the
potentiometer.

CoNcLUsIONS

Standard design procedure may be employed to
construct a low-voltage, l)atlcry-opcratcd, vacuum-
tube voltmeter using the circuit described in this
paper with reduced element potentials to insure a low
grid current. Long battery life is insured by the low
plate current required. If great accuracy of voltage
measurement is desired, it is necessary only to match
the individual resistor units composing the calibrated
potentiometer to a good degree of precision, The abso-
lute resistance of the potentiometer is then of second-
ary importance, since the voltage drop across the
potentiometer is readily standardized by comparison
with a standard cell. In this case, the milliammeter is
calibrated at a point determined by the voltage range
to be covered by the voltmeter.

Although the vacuum-tube voltmeter described in
this paper is not direct reading, this disadvantage is
offsct by the fact that great accuracy is obtained over
the complete range of the instrument from 0 to 100
volts without employing a range-changing arrange-
ment. It must he remembered that the accuracy of
many vacuum-tube voltmeters js dependent on the
calibration of a d'Arsonval-type meter with an accu-
racy specified jn per cent of full scale. The accuracy of
these meters at one-fourth scale, or lower, may be quite
poor.

In addition to its utility as a general-purpose meter,
the practical model of the voltmeter has proved par-
ticularly uscful as a reference standard in calibrating
direct-current voltmeters and milliammeters. Not only
is there little danger of injuring the meter on overload,
but it also provides & precision of reading which is ob-
tainable only in the more expensive types of laboratory
standard instruments,



New Magnetic Materials’

W. E. RUDERY,

Summary— With the rapid growth of the radio and communication
industry, a need for magnetic materials having special properties for
this particular application has developed. A number of nickel-iron
alloys, such as permalloy, nicaloi, Mu Metal, and variations of these
have found wide application as they all have the common hproperly of
high permeability at relatively low inductions. Where high resistivity
also is desired, additional alloying elements, such as chromium and
molybdenum, have been added. Complete freedom from strain, either
mechanical or chemical, is necessary for good magnetic quality, und
the strain set up by magnetization can be compensated for in many
cases by heat treatment tn a magnetic field. Silicon-iron alloys and
some of the nickel-iron alloys can be very much improved by a com-
bination of cold-rolling and heal treatment which induces a high degree
of preferred orientation. This cold-rolled strip has found wide applica-
tion in various types of electrical apparatus.

Permanent-magnet alloys of the alnice type have been very greatly
improved recently so that the external energy factor (BHmaz) 5 now
aboul three times what it was in the best alnico heretofore available.
Comparative dala on the different types of permanent-magnet steels and
alloys ‘are given, and the new malerial should find wide applicalion
in the radio field. Considerable saving in material and size and weight
%ppamlus can be made by the application of these outstanding recent

elopments in magnetic materials provided suitable changes in de-
sign are made to allow for the most economical use.

\WE ARE living in an age of custom-built alloys

where every mechanical device has some metal

or alloy which is best suited to each of its parts
and formed or treated to give optimumservice. Parts for
magnetic circuits are no exception. Since Stanley
built his first transformer of “tintype” steel, probably
because it was thin and had a varnished surface, the
metallurgists have been kept busy to find the materials
and treatments to meet the rapidly expanding and
increasingly exacting requirements of the electrical
engineer.

For some years the development of magnetic ma-
terials centered around low losses and high permea-
bility at relatively high densities, for the engineer was
concerned with increased efficiency and the decrecase
in size of his apparatus. To this end silicon-iron alloys
were developed to a high degree and losses have been
reduced from 1.20 to 0.35 watt per pound, 60 cycles, at
10,000 lines of force, through careful control of compo-
sition, structure, and heat treatment. Although many
another has been tried, no completely satisfactory sub-
stitute for silicon as an alloying element has been
found. The study of the nickel-iron alloys developed
a most interesting range of magnetic and electrical
properties, but the most interesting of these had a
very high alloy content and relatively low magnetic
saturation, so that they found only limited applica-
tion for economic reasons,

With the rapid growth of the radio and communica-
tion industry, however, greater interest was shown in
materials having high permeability in the low induc-
tion range, and the nickel-iron alloys came into their
own. Permalloy, developed by the Bell Telephone
Laboratories; the 50 per cent nickel-iron alloy now

* Decimal classification: R282.3. Original manuscript received
by the Institute, December 17, 1941. Presented, Rochester Fall
Meeting, Rochester, New York, November 11, 1941,

t Research Laboratory, General Electric Company, Schenec-
tady, New York.
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being made under a number of trade names; Mu
Metal; and a number of other variations are now
standard products, and permeabilities of a magnitude
unheard of some years ago are readily obtainable.
The number of magnetic alloys proposed to serve such
special ends as high initial permeability, high re-
sistivity, constant permeability, low loss at very high
frequencies, and combinations of these are legion. For
other than power applications, most of these are nickel-
base alloys. The function of other alloying elements is
principally to increase resistivity. There are certain
underlying principles which govern the magnetic
quality of all soft magnetic materials, most of which
have to do with the control of-internal strain.

The practice of careful annealing to remove me-
chanical strain is of long standing. There are, how-
ever, other sources of strain which are not relieved
by temperature alone. Impurities, the presence of
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Fig. 1—Effect of silicon content on watt loss.

which disrupt the orderly arrangement of the atoms,
set up strain, so freedom from dissolved impurities,
usually nonmetallic, is of first importance. There are
also strains set up by magnetization itself, the change
in length called magnetostriction. The effect of grain
size is probably also a manifestation of strain due to
grain-boundary discontinuities, but the effect of crys-
tal orientation is another matter.

In manufacturing high-grade transformer sheet
these principles are applied to the greatest degree
found to be commercially practicable. Silicon has the
effect of increasing resistivity and reducing the solu-
bility of the alloy for carbon, thereby increasing the
magnetic quality at medium and low density, but it
has the limiting effect of reducing the saturation in-
duction. The highest quality that has been obtained
in commercial silicon alloys is in a 6} per cent silicon
sheet (see Figs. 1, 2, and 3), where high permeability
and low loss (under 0.35 watt per pound, 60 cycles,
10,000 lines of force) result from the use of an alloy
having practically zero magnetostriction. (78 per cent
nickel permalloy is another example of such an
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alloy.) The alloy is quite brittle, although it can be
rolled, punched, and sheared without difficulty,

For many vears engincers have known that there
is a preferred dircetion in magnetic sheets and that
the propertics are distinctly better in the rolling direc-
tion. Careful st udy of the magnetic properties of single
crystals shows this (o he due to the fact that the rol)-
ing develops a certain degree of preferred orientation
of the crystals. The measurements made in this labo-
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Fig. 2—FEffect of silicon on noisc.

ratory in 1917-1918 showed that stlicon ferrite crystals
oriented so that they presented a cube face perpendicu-
lar to the direction of magnetization were much more
casily magnetized than crystals in which the face was
oriented at an angle; and when the magnetization was
in the direction of a cube diagonal, the crystal was
most difficult to magnetize.! Smith, Garnett, and
Randall? found that ferromagnetic materials subjected
to drastic cold reductjon followed by suitable heat
treatment had a structure in which most of (he crys-
tal grains were oriented jn a direction most favorable
to casy magnetization and so found a practical process
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Fig. 3—Magnctization and permeability of normal and
high silicon transformer sheets,

for producing a ferromagnetic material approaching
in properties those of a single crystal. N. P, Goss, 34
working with the Allegheny Ludlum Steel Corpora-
tion on silicon iron alloys alone, found that the same
general principle of cold reduction and suitable heat

!'W. E. Ruder, “Magnetization and crystal oricntation,” Trans,
Amer. Soc. for Steel Treating, vol. 8, P. 23-29; July, 1925,

*\WV. S. Smith, I1. J. Garnett, an(r\\’. F. Randall, United States
Patent No. 1,915,766.

# N. P. Goss, “Written discussion,” Trans. Amey. Soc. Metals,
vol. 22, pp. 1133-1139; December, 1934,

¢N. F Goss, “New development in electrical strip steels char.
acterized by fine grain structure approaching the propertics of a
single crvstal,” Traps. Amer. Soc. XIetal:, vol. 23, pp, S11-531;
June, 1935,
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treatment produced a low-loss higll-pvrmcability strip
and obtained patents on such a Process,
The commercial development of these processes
has made available a high-grade sili(‘un-ulloy strip
which, when applicd so that it s magnetized in the
dircetion of rolling, can e used at much higher
densities than usually used with hot-rolled sheets, Fig.

4 shows a comparison of magnetization curves in he
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medium to high-induction range for hot-rolled sheet
and cold-rolled strip with various degrees of preferred
orientation. This new material has made possible radi-
cal changes in design® and improvements jn eficiency
of distribution and bower transformers.

In the low-density range, cold rolling and magnectic
anncaling may also 1y applied to advantage. The de-
gree of improvement obtained varies with the alloy,
An idea of the magnitude of these changes at jow
induction may bhe obtained from the figures given in

Table 1. )
TABLE 1

Mu B at Mu at Mu at

x| gy =0.05 B =1000 B =100
Silicon sheety transformer grade 13200 165 5800 2950
Silicon shects magnetic anneyl 20000 230 7950 4100
6 per cent silicon shect 18000 140 5700 2500
6 per cent silicon magnetic anneyl 32100 220 8600 3450
Cold-rolled silicon strip 30500 700 6700 . 1600
Cold-rolled - magnetic anney! 42800 700 7150 1700
Nicaloi- -hot-rolled 45500 1545 7400
Nlmloi—cnld«rollcd 94500 4600™ 44000 13100
Cold rolled +magnetic anney] 161000 7500 81800 29000
:\llcgh(-ny Mu Metal 100500 3413 100000 74250
68" permalloy —cold rolled 8500 160 6890 2830
''65"* plus magnetic anneg| 490000 9650 337500 105000

There has been 4
permanent-magnet

great advance in the field of
materials in the Jast ten years,
This advance has opened many pew applications as
well as simplified many of the older applications of
permanent magnets, Tapje IT lists a number of these
and their properties,

The best of the quvn(‘h-hurdcning types have a
maximum externa) energy value (Bl,.) of about
1,000,000. Carbon-free Mmagnet alloys were first de-
veloped  along about 1930 6~ Alloys

SE. D. Treanor, “The wound-core distribution transformer,”
Elec. Eng:. vol, 57, pp. 622 -625; N()w-mbvr, 1938.

LA\ Kroll, F ronqh Patent No, 669,551, 1929,

TR, S._‘Doan, United States Patent No. 1,904,859, 1933,
A\ l”\d‘stcr. “Permanent pragnets of the precipitation harden-
mg:y{)yc, Stahl und Exsm.. vol. 53, np. 849-856; August. 1933,

\ dster, “NMechanical and magnetic precipitation harden-

ing of iron-cobal!-tungsu-n and iron-cobalt-mol ‘bdenum alloys,"
Archiy. fur Eisenh., vol. 6, pp. I7—23;july, 1932 ’ .

of this type
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TABLE 11
TyPICAL VALUES OF SOME PERMANENT-MAGNET ALLOYS
| External
Composition (approximate) H, B, Energy
| B4H 4 max X108
Quench Hardening 7
1% carbon steel T o T 48 8600 | 0.18
6 % tungsten steel 72 10000 0.32
36 % cobalt, 4% tungsten, 59, chromium 240 9600 0.98
Dispersion Hardening
129 cobalt, 17 % molybdenum, 0.1% carbon| 250 10500 1.20
Alnico | 440 7300 1.40
Alnico 11 560 7350 1.65
Alnico 111 475 6900 1.38
Alnico IV 730 5300 1.30
Alnico V 550 12500 4.5
New “KS" 785 7150 2.03
Superlattice
76.7 % platinum, 23.3 % cobalt 2650 4530 371
78 % platinum, 22 % iron 1750 5380 3.07
86 % silver, 9% manganese, 5% aluminum 6980 5550 1.56
Oxide Magnets
16 CoO, 34 Fei0s, 50 FesO. 580 4050 1.34
16 Co00, 34 Fes0s, 50 FeiO. - 915 2170 | —_
Cold-Worked
60, copper, 20% nickel, 20% iron 513 5350 1.26
% cobalt 141 5325 0.99

419, copper, 24 % nickel, 35

which have found the widest application are in the
nickel-aluminum-iron group, which is now known in
this country and England as alnico.!*""

The general requirement for a good permanent-

Ruder: New Magnetic Materials

439

According to Legg,'? the theoretical limit for H, is
about 23,000. The closest approach to this was re-
ported by Nesbitt and Kelsall.®® They found a B, value
of 15,000 gausses in an iron-vanadium-cobalt alloy.

OIRECTIONAL PROPERTIES
OBTAINEO ON CUBE —X

WITH THE DIRECTION OF
MAGNETIZATION DURING
TREATMENT.

v

4

—

N

|

DEMAGNETIZING FORCE, OERSTEDS

kﬂl’h‘rdud)

Fig. 6—Directional properties of alnico V.

EXTERMAL

Legg also places the theoretical limit for H, at 23,000
oersteds. The nearest approach to this is a value of
about 7000 oersteds for aluminum-manganese-silver."
It has now become customary to designate the quality

TABLE I11

Cooling rate

Same treatment but cooled in a 1200 degrees

Composgition in per cent Usual thermal treatment ‘magnetic field to 600 degrees
| centigrade

Nickel = Aluminum | Cobalt Copper Titanium x’{‘o'.‘ H, B, % oo H. I B, °C /second

16 8.5 23 _— — 1.22 348 9050 3.45 492 126500 | 1

13.5 8.0 24 1.5 — 1.32 370 9450 3.77 505 | 13100 2.6

13.5 8.0 24 3.0 1.68 535 8300 4.78 600 | 13350 1.8

16 7.8 25 — 2.8 1.60 604 7600 3.06 640 i 10000 4

14 7.1 24 3.0 2.4 1.72 594 7900 3.78 660 11050 4

14 7.5 20 6.5 1.8 1.65 . 620 7350 3.25 676 9825 4.3

16.5 8.1 1.1 2.3 1.82 640 | 8150 3.12 685 10200 4

magnet material is a hysteresis loop of large area. The
arca of this loop is largely determined by the value of
the residual (B,) and the coercive force (II.) .The shape
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Fig. 5S—Demagnetization and energy curves of alnico
type of permanent magnets.

of the demagnetization curve, however, is also im-
portant as it determines the density at which a per-
manent magnet can be used with greatest efficiency.

10 W, E. Ruder, United States Patent No. 1,947,274; February,

1934.
1t T. Mishima, United States Patent No. 2,027,994, 1936.

of the magnet in terms of its maximum external ener-
gy, or BHnax value. As shown in the table, this has
been increased from 1,000,000 in Honda'’s cobalt mag-
net steel to 1,800,000 in alnico 11, to 2,000,000 in the
“new KS,” and to 3,770,000 in the platinum-cobalt
alloy. Oliver and Shedden'® improved the B, value and
the BIl... some 20 per cent by subjecting a nickel-
aluminum-cobalt-copper permanent-magnet alloy to
a strong magnetic field at high temperature. Jonas
and van Embden,!® working with this type of alloy,
but with considerably higher cobalt content and
in some cases with small copper and titanium addi-

tions, produced a remarkable increase in Bllna..

of magnetic materials and applications

1Yy, E. Legg, “Surve
: 4 Bell Sys. Tech. Jour., vol. 18, pp. 438-

in the telephone system,

464; July, 1939, .
13'E, 'A. Nesbitt and G. A. Kelsall, Vlcallor, a new permanent
y

magnet material,” Phy. Rev., vol. 58, p. 203; July 15, 1940.

i H. H. Potter, “Some magnetic alloys and their propertices,”
Phil. Mag., vol. 12, pp. 255-264; August, 1931,

1 D. A Oliver and J. W. Shedden, “Cooling of permanent
magnet alloys in a constant magnetic field,” Nature, vol. 142, p.
209; July 30, 1938.

1°B, Jonas and 1. J. Meerkamp van Embden, “New kinds of
steel of high magnetic power,” Philips Tech. Rev., vol. 6, pp. 8-11;
January, 1941.




Details of this process and composition of the high-co-
balt alloys are given in the British patent specification
No. 522,731, from which Table 111 on page 439 is taken.

The product, shown in Fig. 5 as alnico V, has
strongly directional propertics, i.c., it must be mag-
netized for use in the direction of the field applied
during the heat treatment. Fig. 6 shows the difference
in properties in different directions.

Like all magnetic materials, optimum properties are
obtained only with the most careful control of com-
position and heat treatment. It is possible with the
right conditions to obtain values of BIl,.x as high as

6,000,000, with B, up to 13,500, and I, up to 700.
The high cobalt content makes the cost per pound
relatively high, but the high e¢nergy content with the
resultant saving in size brings the cost per unit of
available energy to a figure quite comparable with
the other alnico compositions.

The application of these two outstanding recent
developments in magnetic materials calls for radical
changes in design in cach case if their use is to be
justified, but in all applications where such changes
are made, considerable savings in material and reduc-
tions in size and weight of apparatus can be made,

Analysis, Synthesis, and Evaluation of the Transient
Response of Television Apparatus’
A. V. BEDFORDY, AssocIATE, Lr.E., AND G. L. FREDENDALLY, ASSOCIATE, I.R.E.

Summary—The sharpness of detail in a television picture is di-
rectly dependent upon the capability of the transmillerlfor the transmis-
sion of abrupt changes in picture half tone. A suitable test signal is a
square wave of sufficiently long period.

Rules are deduced for the evaluation of the subjective shar pness,to be
expecled in transmitted pictures and may be applied when the square-
wave response of the transmilling apparatus is known.

Raprd chart methods have been devised for (1) the analysis of a
square-wave oulpul into sine-wave amplitude and phase response and
(2) the synthesis of a square-wave response from a given set of ampli-
tude and phase characteristics. Analysis furnishes an immediate solu-
tion to the familiar but troublesome problem of finding the sine-wave
characteristics of television apparatus.

The four aspects of the application of square waves to television, i e.,
measurement, analysis, synthesis, and evaluation, are presented as a
basis for @ unified and complete technique.

The authors hope that this paper will be a contribution to the general
problem of working out electrical specifications for television transmit-
ters and other television apparatus, giving information regarding the
steepness of rise and the amplitude of overswing of the square-wave
response.

I. INTRODUCTION

S a result of the scanning process, the sharpness
of detail in a television picture is directly de-
pendent on the capability of the transmitter

and recciver for the faithful transmission of signals
arising from abrupt changes in picture half tone along
the scanning line. Recognition of the validity of the
Heaviside unit voltage, the electrical equivalent of an
abrupt change in half tone, as a test signal, was ac-
corded early in the art. Notwithstanding, the prepon-
derance of emphasis has been placed upon the sine-
wave characteristics of television apparatus, that is,
upon the amplitude- and phase-versus-frequency char-
acteristics.

It has long been known that the response of a lincar
signal-transmitting system to a Heaviside unit volt-
age contains all the information necessary to determine
both the phase-frequency and the amplitude-frequency
characteristics. Conversely, the two frequency char-
acteristics determine uniquely the response to a unit

* Decimal classification: R583. Original manuscript received by
the Institute, February 19, 1942. Presented, Summer Convention,

Detroit, Michigan, June 25, 1941,
t RCA Manufacturing Company, Inc., Camden, N. J.
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voltage (and incidentally the response to any other
transient input wave). It is also known that the re-
sponse to a single abrupt rise in a repeating square
wave of sufficiently long period is essentially the same
as the response to a Heaviside unit voltage insofar as
that part of the transient response due to high fre-
quencies is concerned,

In view of this implicit relationship between the
sinc-wave and the transient-response! characteristics
of clectrical circuits, it is surprising that the testing
and specifying of high-frequency fidelity of both audio
and video apparatus by the response to a square-wave
has not become more common .2

Several circumstances have impeded rapid growth
in the use of square waves to determine the high-
frequency response. In the first place, the well-estab-
lished sine-wave methods, which were developed for
audio work, have the advantages of precedence and
well-developed techniques for measurement, recording
and plotting data, diagnosing imperfection, and com-
paring performances. Second, the lack of suitable
oscillographic apparatus for accurately indicating the
instantancous response as a function of time has been
a large contributing factor. A recently developed
square-wave oscillograph? and square-wave generator
provide a solution to this problem.

1' In this Fa cr, the term transient response will be used as the
equivalent of the’expression response to a Heaviside unit vollage.

* The use of a 60-cycle square-wave generator and an oscillo-
graph for investigation of the behavior of a television system at low
frequencies of the order of the field scanning rate is well established.
{n_thes"e measurements, performance is judged by inspection of the

tilted” output wave and harmonic analysis of the wave is usually
not desired. In general, a television system will have uniform re-
sponse over a frequency range of many octaves in the region be-
tween the so-callgd “low-frequency" end and the “hi h-frequency”
‘F the spectrum

with the high-frequency end. .
3 R.D. Bell, A, V. Bedford, and H. N, Kozanowski, “A Portable

high-frequgnpy square-wave oscillograph for television,” Proc.
LR.E,, this issue, pp. 458-464.

‘October, 1942



Bedford and Fredendall : Transient Response of Television Apparatus

The laboriousness of classical methods for translat-
ing the results of sinc-wave measurements into transi-
ent response and vice versa, has tended improperly to
make the two test methods seem unrelated and com-
petitive instead of complementary. Furthermore, there
has been no satisfactory means for evaluating numert-

K 7'
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sharpness for a wave having nonuniform steepness
during the time of rise. The presence of overswing in
the transient response makes evaluation even more
difficult because of the effect on the visual sharpness of
the picture and because of the introduction of spurious
effects in the picture.
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Fig. 1—(a) Approximation of a square-wave response d by a stepped wave f.

(b) Vector addition of components of frequency fnin waves g, b, 1, etc.
(c) Vector addition of components of frequency 2f. in waves g, h, 1, etc.

cally the fidelity of a particular piece of apparatus or
transmitting system from the transient response. In
television applications it has been recognized that the
“mecan’’ steepness of rise of the transient-response
wave is a mecasure of the sharpness of the picture
which the system could transmit. Still there is no
general agreement on a method of measurement and
calculation of a mean value of steepness which is a
consistent and an accurate indication of the picture

Accordingly, for the purpose of simplifying the pas-
sage between sine-wave response and transient re-
sponse and interpreting the latter, we present below:
(1) a graphical chart method for analyzing the re-
sponse of a system to a squarc-wave input signal to
obtain the sine-wave phase and amplitude character-
istics; (2) a graphical chart method for synthesizing
the response to a square wave from the sine-wave
phase and amplitude characteristics; (3) a method for
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cvaluating the mean steepness of a transient-response
wave in terms of the width of blur produced in a televi-
sion image by a wave which is similar in its visual effect
and which has a linear change from one level to an-
other; and (4) suggestions for the supplementing of
sine-wave mecasurements by transient measurcments.

Proceedings of the 1.R.E.
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period of e is not critical but must be taken long enough
to insure that wave d has subsided to a substantially
constant level during the latter part of each half cycle.
Also the true time relation between waves d and e
under test conditions has no significance in the present
analysis and need not be known.

Fig. 2—Chart for square-wave analysis.
Scale 20-Mc Dots 30-Mc Dots
1 0.25 Mc 0.375 Mc
2 0.5 Mc 0.75 Mc
3 1.5 Mec 2.25 Mc

I1. ANALYSIS OF SQUARE-WAVE RESPONSE INTO
Pi1ASE-FREQUENCY AND AMPLITUDE-
FREQUENCY CHARACTERISTICS

The analysis employs several permanent charts,
(Figs. 2 to 5), the construction and use of which may
be simply explained by reference to Fig. 1.

Fig. 1 (a) shows the repeating square wave e applied
to the apparatus under test. Wave d is the response
measured at the output terminals. The fundamental

A basic hypothesis upon which the analysis of wave
d rests is that a stepped wave f may be drawn which
approximates in harmonic content that of wave d. It
is clear from inspection that the waveform of f may be
caused to approach that of e as closely as desired by
taking the steps sufficiently small. Since wave f in the
regions a to b and a’ to ¥’ is of uniform amplitude, the
lengths of the time intervals from a to b and a’ to b’
have no bearing on the shape of the transient portion
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of the waves. Hence, the fundamental period of wave
f is unimportant provided that the value is great
enough so that a part of f is uniform after each transi-
tion. The upward transition of wave f is the same as
the downward transition except for inversion. Hence,
the rectangles g”, k", i", etc., may be considered as

sCALE NO.
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relative to the same harmonic in the input wave e, is
indicated by the sum of a group of vectors having
amplitudes proportional to the steps g’, k', ¢/, etc., and
angular positions corresponding to the different delays
of the square waves g, k, 7, etc. No cognizance need be
taken of the fact that the harmonics of a square wave

23

Fig. 3—Chart of square-wave analysis.

Scale 20-Mc Dots 30-Mc Dots
@ 1 Mc 1.5 Mc
®@ 2 Mc 3 Mc
® 3 Mc 4.5 Mc

continuations of rectangles g’, #',#’, etc. It follows that
wave f has the components g, h, 1, etc.

Each of these squarc-wave components is identical
in shape to the input wave e and hence contains all
harmonics in the same proportion as the input wave.
Each of the square waves, however, has a different
delay and hence, the harmonics of the various square
waves occur in different phase relations. Therefore,
the magnitude of cach harmonic in the stepped wave,

vary in amplitude inversely as their frequencies. Inas-
much as the fundamental frequency of the input wave
may be allowed to approach zero (such that wave e
becomes a Heaviside unit voltage), any reference to dis-
crete harmonics may be dropped and the response of
the apparatus approximated at any frequency to a
degree of accuracy which depends on the fineness of the
steps in wave f.

Fig. 1(b) shows the vector addition involved in
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finding the response for the frequency f,. Each vector
component has the same angular position, namely,
2nfaT, with respect to the preceding component since
the waves g, h, i, etc. correspond to points on the real
response curve taken at equal time intervals 7. Waves
! and m are negative; hence, the vectors ! and m are

Proceedings of the I.R.E.
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A sct of analysis charts, Figs. 2, 3, 4, and 5, were de-
signed in order to reduce to a minimum the labor in-
volved in performing the vectorial additions in Figs.
1(b) and (c). Esscntially, cach chart scerves as a pro-
tractor and a lincar radial scale for use in locating the
end points of the vectors. Two scts of time intervals,

Fig. 4—Chart for square-wave analysis,

Scale 20-Mc Dots 30-Me Dots
0] 2.5 Me¢ 3.75 Mec
® 3.5 Mc 5.25 Mc¢
® 4.0 Mc 6:0 Mc

negative. The length of the vectorial sum OB gives the
relative amplitude response of the apparatus tested
and the angle 40B is the relative phase shift for the
sine wave f,. Fig. 1(c) is drawn for a frequency equal
to 2f.. The angle between successive vectors is 2n2f,T.
As in Fig. 1(b), OB is the amplitude response at the
frequency 2f, and the angle 40B is the relative phase
shift.

1/20 and 1/30 microsccond, (referred to as 20- and 30-
megacycle dots) between successive components &h, 1,
cte., appear to be adequate for television applications.
The basis for a choice of one of the two sets depends
upon the degree of accuracy desired. This aspect is
discussed later. Components (j.e. readings from the
transient-responsc wave d), are numbered to corres-
pond to radial lines on the charts. The angle between
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consecutively numbered radial lines is the angleused in  A. Instructions for Using Figs. 2, 3,4 and 5 for Analysis
the construction of Figs. 1(b) and (c) (e.g., on Fig. 3, of Square-Wave Response

the angle in scale 1 for the solution of the response at 1 Using a square-wave generator and an oscillograph
megacycle is 18 degrees.) The component vectors g, k, or other means, obtain per cent voltage readings at
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Fig. 5—Chart for square-wave analysis.

i, etc., lie along the radial lines and the vectors are 1/20-microsecond intervals (corresponding to oscillo-
added as in Fig. 1(b) by manipulation of a sheet of  scopic readings with 20-megacycle “dots” for timing)
semitransparent paper. Detailed directions for the along the transient wave (Fig. 6) such as shown in
operation of the charts are given below. The charts and  column (a) of Table I. (If more accurate analysis is
directions are drawn or printed preferably on card- desired, use readings at 1/30-microsccond intervals).
hoard or stiff paper. Readings should begin at the zero-voltage level
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before the beginning of the transient and end at a 100
per cent point where the voltage becomes uniform after
the transient rise has been completed and substantial
rest attained. Wave d of Fig. 1 is a typical plot of such
a wave but plotting is not necessary for the purpose of
the analysis. Compile column (b) by taking the differ-
ences in adjacent readings in column (a). These num-
bers represent the amplitudes of the increments in the
“stairstep” wave f. Number the increments consecu-
tively as in column (c).

120
"o . A~ .
100 ~ _ -
/=—tuminous DoTs

h

v a ]

04-

Fig. 6—Illustrative example of a square-wave response reproduced
by an oscillograph showing readings at 0.05-microsecond inter-
vals (20-megacycle dots).

Draw a horizontal x axis and a vertical y axis on a
sheet of sufficiently transparent tissue paper. Place the
tissue paper on Fig. 4, for example, with the origin of
the x-y system at the center of the chart. (It will be
noted that Figs. 2, 3, and 4 are for different frequen-
cies.) Make a pencil dot on the tissue on the radial line
marked “1” in circular scale (1) at a distance from the
center of the chart equal to increment No. 1 in column
(b). Move the tissue so that this dot coincides with the
center of the chart, keeping the x axis parallel to the
horizontal dotted lines on the chart. Make a second
dot on the radial line marked “2” in circular scale (1)
at a radius equal to increment No. 2. Move the tissue
until the second dot is at the center of the chart and
repeat the procedure for the remaining increments.

TABLE 1
@ | (© @ | w (©
0 = 95 | —-13 7
2 2 | 1 93 ' -2 8
22 20 | 2 101 8 9
56 34 3 102 1 10
87 31 4 ’ 99 -3 11
108 21 5 100 | 1 12
108 [ 6 | 100 0 13

Positive increments are plotted in the radial direction
toward the increment number in circular scale (1)
while negative increments are plotted in the opposite
direction. Dots may be numbered to avoid errors.
Draw a vector from the x-y origin to the final dot
located. Place the tissue on Fig. 5§ and read the length
of the vector on the “amplitude scale.” This length is
the 2.5-megacycle amplitude response in per cent.

Proceedings of the I.R.I.

October

Read the angle between the y axis and the final vector
by using the protractor in Fig. 5. This angle! is the
phase lag of the 2.5-megacycle component of wave (d)
relative to point P in Fig. 1 where P is 1/2 a reading-
interval before the second reading in column (a). The
phase angles obtained for the various frequency com-
ponents are correct relative to one another but the
absolute time delay through the system is not obtained.
The phase angles may be converted to time delay by
means of the delay graph of Fig. 5. In the example
given above, the amplitude response at 2.5 megacycles
is 85 per cent. The relative phase angle is 103 degrees
which corresponds to a time delay of 0.114 micro-
second. Obtain the response at other frequencies in a
similar manner by using the increments in conjunction
with the other scales of Fig. 2 and the scales of other
charts.
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Fig. 7—Curves show exact amplitude and delay characteristics of a
2-stage compensated resistance-capacitance amplifier in which
K=1v2, fo=3 megacycles. Amplitude and delay characteris-
tics determined by chart analysis of Fig. 8 are shown by data
points.

The charts may be used for other frequency ranges
such as the audio range. In such applications, the time
interval between successive readings on the transient-
response wave will not usually correspond to 20- or
30-megacycle dots. However, the analysis charts shown
in Figs. 2, 3, 4, and § may be cmiployed as in the ex-
ample given in Table I, when the appropriate multiply-
ing factor for frequency is computed. This factor is
cqual to To/Ty where Ty is 1/30X10-% or 1/20X 106
second depending upon the original dot frequency for
which the charts were designed. Ty is the new time
interval in séconds.

B. Examples of Accuracy of Chart A nalysis in Specific
Applications

In the instance of a compensated resistance-coupled
amplifier, mathematical formulas are available for
the exact calculations of the amplitude and delay

* The angle read between the ¥ axis and the vegtor is the phase
angle for the 2.5-megacycle response of the stepped wave f with

respect to the time of the second reading of column (a). Wave f lags
the true-response wave d by one half a reading interval,
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characteristics and the response to a unit function.
Hence, some conception of the accuracy of chart an-
alysismay begained by observing the agreement of data
thus determined with the exact characteristics. Fig. 7
contains such data based on the analysis of the unit-
function-response wave shown in Fig. 8. Fig. 9 contains
similar data based on the response wave of Fig. 10.
Since the delay characteristics determined by graphical
analysis have only relative significance, the data points
corresponding to 20-megacycle-dot readings were
shifted a constant amount (0.026 microsecond) in
Figs. 7 and 9 so that the best correspondence with the
mathematically determined delay curves was reached
in order that the results of graphical and mathematical
methods may be compared directly. A similar shift of
0.017 microsecond was made in the case of the 30-
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Fig. 8—Exact response toa unit function of a 2-stage compensated
resistance-capacitance amplifier where K = V2 and fo=3 mega-
cycles. Points shown were obtained by synthesis from theoreti-
cal amplitude and delay characteristics in Fig. 1.

megacycle-dot data. The deviations of the data points
in Figs. 7 and 9 from the exact curves represent the de-
grec of approximation of analysis as applied to two
specific cases. For the general case, no definite limits
can be set up for the errror in sine-wave characteristics
as determined by chart analysis. As in Fourier analy-
sis,® the error depends upon the specific curve which is
analyzed and upon the length of the time interval be-
tween readings, or in other terms, upon how well the
curve is defined by the series of dots. A better approxi-
mation to the exact amplitude or delay characteristic
at the higher frequencies is afforded by a solution based
on 30-megacycle-dot readings rather than on 20-mega-
cycle-dot readings.

It is conccivable that as a consequence of strong
components of very high frequency the transient-
response wave could make violent excursions between
adjacent readings such that a plot of the readings

¢ Appendix 11,

¢ The amﬁlitude characteristic of a circuit, as determined graphi-
cally from the square-wave response, may be converted into the
amplitude characteristic corresponding to Fourier analysis of the

response of the same circuit to a square pulse. This conversion is
discussed in Appendix I11.
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would not clearly define the wave even for the lower-
frequency components. In such a case, inspection
would show that analysis would be inaccurate. In
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Fig. 9—Theoretical amplitude and delay characteristics of a_2-
stage compensated resistance-capacitance amplifier in which
K =1.1 and fo=4 megacycles. Amplitude and delay characteris-
tics determined by chart analysis of Fig. 10 are shown by data
points.

general, it has been found that if the 20-megacycle

timing dots trace out the square-wave response unmis-

takably, the 20-megacycle dots are sufficiently accu-

AEENE

lﬁ |
\ ‘//:ﬁ’ |

-

I I I I |
" TIME- M SEC ' '

Fig. 10—Exact response to a unit function of a 2-stage compen-
sated resistance-capacitance amplifier in which K=1.1 and
fo=4 megacycles.

rate for analysis out to 3.5 megacycles. Under the same

conditions, 30-megacycle dots are adequate out to 5.25

megacycles.

I11. SYNTHESIS OF SQUARE-WAVE RESPONSE FROM
THE SINE-WAVE CHARACTERISTICS

A closed mathematical formula’ is available for the
calculation of the response of a linear electrical system

7 A. V. Bedford and G. L. Fredendall, “Transient response of
multistage video-frequency amplifiers,” Proc. I.R.E., vol. 27, pp.
277-28S; April, 1939.
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Fig. 11—Chart for square-wave synthesis.

Scale 0.05-microsecond intervals
1 0.25 Mc
3 0.75 Mc
O 1.25 Mc
7 1.75 Mc

to a unit function from the sine-wave amplitude and
phase characteristics. When a numerical answer is
sought, however, the formula is rarely practicable. As
pointed out earlier, the solution for the response to a
Square wave may usually be substituted when the
period required does not necessitate the computation

of many terms of the Fouricr series. The period 1/f,
chosen must b long cnough to permit the transient
response of the circuit under consideration to assume
a substantially constant value between consecutive
abrupt changes in the square wave.

If the square wave applied to the circuit is

1 2 1
EQ@) = ’y + — (sin 2xf,t + } sin Omfpt + 4 sin 10xf ¢ + + sin 2mnf 4 + - - . (1)
T n

then the response is

1 2 A A
) = —+ — (usin 2nf,(t — D)) + *; SIN6Tfpt = D) + -+ 2 in dmag, 1 — DY+ (@)
Ls n
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Fig. 12—Chart for square-wave synthesis.
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13

where 4, and D, are the amplitude response and delay
of the circuit for the nth harmonic. D, = phase shiftin
radians/2mnf,.

Synthesis charts, Figs. 11,12, and 13, were developed
for the summing of the significant terms of the series
(2) above. The principle of the charts is based on the
vector representation of a sine function. For example,
the term A,/n sin 2wnf,(t—D,) is represented in Fig.
14(a) by the length of the perpendicular AC to the
vector OD. The value of the term may be found rap-
idly, for specific values of { which have becn deter-
mined in advance, by dividing the circumference of a
circle into a number of equal parts.

For example, if the circle in Fig. 14(b) is divided into

0.05-microsecond intervals

0.25 Mc
2.25 Mc
2.75 Mc
3.75 Mc

N equal segments, then the value of the sine term may
be found every 1/Nnf, second starting at ¢t=0. It is
convenient to designate a specific value of time ¢ by
one of the whole numbers between 0 and N.

A straightedge may be placed along the radial line
which makes the required angle 2wnf,D. with the
x axis. (See Fig. 14(b)). The quantity 2wnf,D, will
usually be expressed in terms of the unit angular seg-
ment used in marking off the circumference of the
circle. If a draftsman’s triangle is moved along OD,
successive values of the sine term corresponding to
regular intervals of time may be read on a calibrated
scale A C (marked on one leg of the triangle) by noting
the points of intersection of the radial lines and an
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Fig. 13—Chart for square-wave synthesis.

Scale

®
(%.)
®

imaginary circle having a diameter 04 equal to 4,/x.
The multiplying factor 2/x in (2) may be taken into
account by suitable calibration of the scale 4C. A
number of concentric circles permanently drawn on the
chart, so as to divide the diameter of the largest circle
into a convenient number of equal parts, will aid in
finding the length 04 as the triangle is shifted. Read-
ings along the calibrated edge are positive above the
line OD and negative below OD.

The same chart may be used for a number of differ-
ent harmonic terms by simply numbering the radial
lines appropriately for each term. Thus, in Fig. 14(b),
if the circular scale (1) represents the fundamental
term sin 2xf,¢, then circular scale (3) will represent the

0.05-microsecond intervals

0.25
3.75
4.25
4.75

3rd-harmonic term sin 6mf,t in which the unit angle is
3 times the unit angle in scale (1) etc. The steps in-
volved in finding and summing the sine terms in (2)
have been systematized in a set of synthesis charts,
Figs. 11, 12, and 13. The following directions have been
drawn up to facilitate rapid use of the synthesis charts.

A. Directions for Use of Synthesis Charts

Figs. 11, 12, and 13 are used in the compilation of
the response of an electric circuit to a square wave as
represented by the first 10 odd harmonics (1st, 3rd,

- - 19th) when the sine-wave, phase-delay, and
amplitude characteristics of the circuit are known.

The particular charts illustrated were arbitrarily
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Q)

(a) Basic principle of construction of synthesis charts.
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(b) -

(b) Use of synthesis charts.

Fig. 14

designed for a fundamental frequency of 0.25 mega-
cycle which has been found satisfactory for television
purposes. In this instance the square-wave response is
{ound at intervals of 0.05-microsecond (i.e., 1/80 of the
period). The fesult is a close approximation to the
response of a circuit to a unit function when (1) the
square-wave response attains substantially a steady
value within 2 microseconds (i.c., one half the period
of the fundamental frequency) and (2) the contribution
of harmonics beyond the 19th (4.75 megacycles) may
be neglected.

The rapid use of the charts is expedited by observa-
tion of the following procedure in the preparing of
Table 11. A synthesis of the amplifier square-wave
response shown in Fig. 8 from the theoretical amplitude
and phase characteristics in Fig. 7 is used as an
example.

TABLE 1I
SYNTHESIS OF 32-STAGE AMPLIFIER

(a) (b) (c) @) Contributions of Harmonics Read
Amplitude rom Charts
Order Fre- Response| Delay
of Har-| quency | of Har- | of Har- (0) n (2) 27 (28)
monic, | of Har- | monic+n monic | (=0 |
n monic (in per X20n | micro- | t=0.05 t=0.1 |1=1.35 t=1.4
(Mc) cent) seconds
1 0.25 100 1.5 -7.5| -2.5 | +2.5
3 0.75 34 4.7 -7.8 -2.9 | +2.3
5 1.25 21 8.5 -8.4| =3.6 | 41.6
7 1.75 15 12.9 —8.1 -4.3 | 40.8
9 2.25 11 17.6 -6.6 | —4.3 | 40.2
11 2.75 7.5 22.2 —4,7| =3.7| -0.1
13 3.25 5 26.0 -3.0| —-2.8 0
15 3.75 3.5 29.0 -1.7{ -2.0| +0.2
17 4.25 2.5 31.6 -0.9 | —-1.4/| 40.7
19 4.75 2 33.4 -0.5| -0.9 | 4+0.4
Add +50 +50 +50 +50
Instantaneous response + 1 +22 +59

(1) Record in column (c) the amplitude response in per
cent corresponding to each harmonic divided by
the order of the harmonic.

(2) Shift the real delay curve up or down but parallel
to itself to any new position for which the mini-
mum delay in the essential frequency band is equal

to, or near, zero. Shifting (i.e., subtracting a con-

stant delay) is a convenience in manipulating the

charts but is not a necessity.

(3) Record in column (d) the real delay (in microsec-
onds) (or shifted delay, if performed) of each har-
monic multiplied by 20 times the order of the
harmonic.

(4) Proceed as follows to enter the contributions of the

_ various harmonics in columns (0) to (28):

(A) Pass a straightedge through the center of Fig.
11 along the radial line corresponding to a
number on the circular scale (1) equal to the
delay of the fundamental frequency recorded
in column (d). Circular scale (1) refers to the
series of radial lines numbered 0 to 80 in ring
(1). The straightedge remains fixed until steps
(B) and (C) below have been completed.

(B) On the radial line number 0 on scale (1) find a
point which is at a distance from the center
of the chart equal to the number in column
(c). The length of the perpendicular from this
point to the straightedge is the contribution of
the fundamental frequency at ¢=0. If the
point referred to is below the axis, the contribu-
tion is entered in column (0) of the table with
a negative sign. If above, the contribution is
entered with a positive sign. The perpendicu-
lar is measured with a calibrated triangle illus-
trated in Fig. 15. One leg slides along the
straightedge while the calibrated leg forms the
perpendicular.

(C) The contribution of the fundamental at
{=0.05 microsecond, to be entered in column
(1) opposite 0.25 megacycle, is found by lo-
cating the point 1 on scale (1) and proceeding
as directed for point 0. Point 2 corresponds to
2% 0.05 microsecond. In a similar manner, the
first row of entries in Table [T are made.
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(D) In order to find contributions of the 3rd har-
monic, pass the st raightedge through the num-
ber on scale (1) corresponding to the delay
factor from column (d). Use scale numbers on
scale (3) in order to locate the perpendicular
and proceed with the measurement of its
length as directed above for the fundamental
frequency.

Fig. 1S—Calibrated triangle® for reading contributions of
harmonics from synthesis charts.

(E) Complete the table for the other harmonics in
in a manner similar to the above,

The instantancous value of the square-wave
response at £=0 microseconds is found by
summing column (0) and adding 50 per cent.
Similarly, the response is found at other times
by summing the appropriate column and
adding 50 per cent.

(F)

B. Examples of Synthesis of Square-Wave Response

Several points on the square-wave response of a 2-
stage amplifier are synthesized in Fig. 8 from the
amplitude and phase characteristics in Fig. 7. Since
the theoretical response is shown, a direct indication
of the accuracy of the synthesis is available, The dis-
crepancy is scen to be only a few per cent in this ex-
ample.

The chart method greatly simplifies and shortens the
synthesis of square-wave response in complex cases in
which rigorous mathematical formulas for response arc
impracticable. A typical example is the response of 3
32-stage amplifier which was synthesized in Fig. 16
from the theoretical amplitude and phase characteris.
tics of Fig. 17. In this particular case, an absolute
measure of the error of the synthesis is not known.
The deviation of any synthesized square-wave response
from the exact square-wave response is due only to

* The 100 per cent ﬁoint on the radial scales of Figs. 11,12, and
13 should coincide with the 63.6 (=(x2)100) per cent point on the

calibrated triangle when the triangle is drawn to the same scale as
the figures.
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crrors in manipulation of the charts and the neglect
of contributions of harmonics beyond the limits of the
charts (4.25 megacycles).
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Fig. 16—Synthesis of the squarc-wave response of a 32-stage com-
pensated resistance-capacitance amplifier in which K =1.51 and
So=7.7 megacycles.

IV. EvaLuaTioN oF THE SQUARE-WAVE RESPONSE

Assume that a subject containing an extensive dark
area and an extensive white area with a sharp vertical
junction between the two js used as a test subject for
a determination of the fidclity of transmission of a tele-
vision system.® An ideal scanning device in crossing
the junction would generate 2 unit voltage which be-

3
L
100 ANPILITUDE

E 80 2%
B — ] 3
a. ]
0 — X
S 40 I
= —F [ELAY \ o
%' 20 \

< \

2 3 4
FREQUENCY-MC

Fig. 17—Exact amplitude and delay characteristics of a 32-stage
compensated resistance-capacitance amplifier in which K =1.5]
and fo=7.7 megacycles,

comes the input signal for a television transmission
system under test. The output signal or response of the
system may be symbolized in Fig. 18. The waveshape
may be determined experimentally by a square-wave

* The use of a single abrupt transition from one brightness to
another brightness as a test subject for measuring “resolution” in a
television picture was developed by R. D, Kell, A. V. Bedford, and
G. L. Fredendall in “Determination of optimum number of lines
in television system,” RCA Rey., vol, 15, pp. 7-30; July, 1940. A
test rattcrn consisting of several converging bars is much more com-
monly used in evaluating an entjre television system on account of
convenience. The results obtained, however, are less significant be-
cause the resolution of the individual bars'is not affected by the
phase fidelity, whereas it is known that phase fidelity affects the
sharpness and utility of most television pictures,
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oscillograph or by synthesis from known sine-wave
characteristics of the system. If the test subject were
reproduced by an ideal scanning device (i.e., one hav-
ing negligible aperture losses), actuated by the output
signal, the variation of light intensity on the screen
along the scanning lines would be as shown in the
figure when using for the ordinates and abscissas the
light intensity and distance, respectively. The distance
required for the complete change from black to white
is greater than zero due to the finite rate of rise of the
response curve. Upon close observation of the screen,
the junction would appear blurred. Furthermore, sev-
eral alternate light and gray striations following the
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Fig. 18—Nonlinear response of a hypothetical complete television
si\;stem and the equivalent linear response in terms of light along
the screen surface or electrical response of the system.

junction would be observed as a consequence of the
damped oscillation in the response. The overswing
shown in Fig. 18 would not be entirely objectionable
for television purposes because at the optimum view-
ing distance most of the overswing is not distinguish-
able from the transition and the net effect would be
substantially a single transition. In fact, the visual
sharpness of the transition is enhanced by the over-
swing in the response wave. If a quantitative measure
of the sharpness were found, the response wave in
Fig. 18, for example, could be compared directly with
other waves having different shapes, and the relative
merit of television apparatus with reference to picture
sharpness could be determined.

With the object of finding such a measure of sharp-
ness, the writers constructed several different syn-
thetic black-white transitions with ink on cardboard
using fine shading lines of variable widths to reproduce
accurate half-tone values. When the transitions were
viewed at a distance for which the “blur” was just dis-
cernible, that is, the optimum viewing distance it was
observed that a simple linear transition similar to that
shown dotted in Fig. 18 could be found for each non-
linear transition such that the observer was unable to
distinguish between the nonlinear transition and its
linear equivalent.

The width of the visually equivalent linear transi-
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tion was termed the equivalent “blur” of the nonlinear
transition. The blur may be specified in units of dis-
tance along the picture screen or in the corresponding
units of time. Complex transition curves containing
damped oscillations of sufficiently long duration are
properly represented by a linear transition followed by
that part of the oscillation which the eye does not in-
clude with the transition.

The comparison method of determining blur is ob-
jectionable because the labor involved is great and the
evaluation of each transition depends somewhat upon
the observer's judgment. A method not subject to
these objections has been devised whereby the blur
may be found directly from a plot of the light intensity
along a transition. The steps involved in applying the
method are given below in a “Generalized Statement”
which defines the conditions under which a linear
transition is visually equivalent to a nonlinear transi-
tion such as Fig. 18. For clarity, this “Generalized
Statement” is presented in the form of a law or theo-
rem, but we do not presume to use these terms until
the statement has been proved more adequately by
theory or experiment than is done in this paper.

Generalized Statement

A linear transition having a uniform rate of change of
intensity along the surface from a first mean brightness to
a second mean brightness is visually equivalent al lhe
optimum viewing distance lo any nonlinear transition
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Fig. 19—Linear transition E is equivalent to A. By Condition 2, the
algebraic sum of areas C, D, F, G, H, and I is zero. By condi-
tion 1, the sum of weighted areas C, D, F, etc., shown at C’, D’
F', etc., is zero  °

from the first mean brightness to the second mean bright-
ness when conditions 1 and 2 below are fulfilled.
Condition 1—The summation of the weighted differ-
ences of the light intensilies of the linear transition and
of the nonlinear lransilion is zero, where the weighted
differences are the real differences of light intensity along
the transitions multiplied by a weighting faclor. The
weighting factor varies linearly with distance from a value
of —1 at the first inflection point of the linear transition
o +1 at the second inflection point; also linearly with
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distance from a value of zero at a point preceding the first
inflection point by half the distance between inflection
points, to the — 1 value at the Sirst inflection point; also
linearly with distance from the +1 value at the second
snflection point to zero at a point following the second
inflection point by half the distance between the inflection
points; and is zero for all other poinls,

Condition 2—T'he summation of the differences of the
light intensities along the transitions is zero, over the
range where the weighting fuctor is not zero.

According to the generalized statement, the linecar
transition E in Fig. 19 ig visually equivalent to the
transition 4. In this and other cascs, it is convenient
to consider the vertical dimensions J of the difference
areas C, D, F, ctc., as positive when 4 is above £ and
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Fig. 20—Actual transitions are shown in solid lines and equivalent
linear transitions are shown in dotted lines,

negative when 4 is below E. Then, if these dimensions
are multiplied by the corresponding ordinates of the
weighting curve N and plotted as at V, the positive
and negative arcas C’, ', E’, ctc., are formed. Condi-
tion 1 is fulfilled if the algebraic sum of these areas
C', D', F', etc., equals zero. Condition 2 simply requires
that the algebraic sum of the positive and negative
areas C, D, F, ctc., equals zero.

The location of a line E that fulfills the two condi-
tions for a particular nonuniform transition is obtained
by a trial-and-error method. The cquivalent blur s
indicated as the distance B. Each trial curve /< requires
adifferent weighting curve N since the weighting curve
is itself defined by the cquivalent lincar-transition
curve. Such a procedure would appear to be laborioys
since the line E has two variable characteristics, slope
and position. However, the number of trials required
is much reduced by the knowledge that for small
changes of slope of line E only condition 1 s affected
and for small changes of position only condition 2 js
affected.

Although the generalized statement for defining a
linear transition which is visually equivalent to a non.
linear transition is essentially empirical, the conditions
appear to be consistent with observed properties of
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the eye. It is well known that the cye responds to a
surface consisting of many tiny, uniformly distributed
white dots on a black background (or black dots on a
white background) as though the surface were uni-
formly white but the illumination reduced so that the
total reflected light is the same. In other words, the
cye responds to the average! brightness or to the total
brightness. Condition 2 is consistent with this observa-
tion in that it requires cquality of the total amount of
light of the cquivalent transition and the nonlincar
transition.

The plausibility of condition 1 may be established
by using the simple transitions of Fig. 20 to illustrate
some basic factors which afiect apparent steepness.
Fig. 20(a) represents a linear change from black (o
white or from any half tone to another half tone. The
blur by our definition is the distance B. Now assume
that an extra amount of light is added near the scecond
inflection point as shown in Fig. 20(h). As a result, the
transition has been made cffectively steeper so that the
cquivalent lincar transition must also be made steeper
as shown by the dotted line.

If the light were added near the first inflection point
as shown in Fig. 20(c), it is apparent that the transi-
tion would he less steep as indicated by the dotted
lincar transition. From these two observations, it is
plausible that the addition of light at the middle of the
transition as in Fig. 20(d) would not alter the cffective
steepness. The equivalent linear transition, howcver,
would be displaced to the left as required by condition
2.

H light were added af a point considerably ahead of
the first inflection point of the lincar transition or con-
siderably after the second inflection point, it is reason-
able that the effect on the steepness would be less than
if the light were added near the inflection points.

Let us refer back to the example of Fig. 19.in which
curve Fois assumed to be the visual cquivalent of the
curve 4. Obviously, £ is identical 1o curve 4 except
for the difference arcas C, D, G, etc. Some of the arcas
such as C and I render curve 4 cffectively steeper
than the equivalent curve but other arcas such as D
and G detract from the steepness of curve 4.

If curve E is to be the equivalent of curve A, the
algebraic sum of the effects of all the aiding difference
arcas C, 11, cte., must bhe canccled by the opposing
areas. Condition 1 states this requirement and pro-
vides a weighting factor for determining the effective-
ness of cach difference area resulting from its location,
as discussed in connection with Fig. 20.

A lincar weighting curve has been taken arbitrarily
due to the absence of cevidence which would point to a
specific form for the curve. A linear variation is simple
and may also be considered as a mean between the
various possible concave and convex forms.

It should be noted especially that in the application

** The eyc also responds to the i :
flickering source, po ¢ average brightness of a rapidly
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of the generalized statement to transitions which have
appreciable irregularities in the region in which the
weighting curve is zero (beyond Y), the irregularities
are not included in the equivalent blur. As shown in
Fig. 19, the equivalent curve may be continued through
Z to the actual curve 4. It should be noted also that
the equivalent transition defined by the statement is
intended to be equivalent only when viewed at a dis-
tance for which the nonlinear transition is indistin-
guishable from a linear equivalent transition. At such
a distance, a very definite blur may be visible without
the shape of the transition being discernible.

The observations made in the several paragraphs
above lend support to the concept of an equivalent
linear blur but obviously do not place the concept on
a firm physical basis. Furthermore, the physical ac-
curacy of the particular conditions set forth in the
generalized statement have not been established be-
cause of inadequate knowledge of the eye and brain.
However, actual viewing tests with specific transitions
lead us to believe that the application of the general-
ized statement is sufficiently accurate to serve a useful
purpose for the evaluation of the transitions found in
television.

The authors feel that such a measure of blur also
can have utility in specifying the quality of many
other devices related to vision, such as lens system,
photographic film and processes, facsimile transmis-
sion, printing, duplicating processes, and paper.

V. APPLICATION OF SQUARE-WAVE
METHODS IN TELEVISION

Square-wave and sine-wave measurements should
be mutual aids in the solution of many television prob-
lems. In some instances, a square-wave measurement
may furnish the data for analysis into amplitude and
delay characteristics. In others, the evaluation of blur
is indicated. In some applications, sine-wave measure-
ment and synthesis of the square-wave response may
be indicated, followed perhaps by evaluation. Most
applications will not require the use of all three proc-
esses of square-wave treatment.

We know no simple satisfactory method of judging
the degree of fidelity of a television system from in-
spection of the sine-wave characteristics. If the square-
wave response of the system cannot be secured experi-
mentally, resort must be had to synthesis from ampli-
tude and phase data. However, acceptable tolerances
in terms of sine-wave performance may be more casily
determined when the amplitude and phase character-
istics corresponding to a large variety of transient-
response curves have been determined and cataloged.

In design work in which the characteristics of televi-
sion apparatus must be determined by calculation
based on circuit constants, synthesis from the sine-
wave characteristics probably constitutes the only
feasible means for obtaining the square-wave response.
When the apparatus is susceptible to experimental
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test, the most expeditious method is direct measure-
ment of the square-wave response by oscillographic
equipment such as described in a companion paper.? An
analysis for amplitude and phase characteristics may
then be performed in order to facilitate the design of
equalizing networks if required or for any other pur-
pose. In this connection it is significant that the experi-
mental difficulty of phase measurements of extensive
apparatus such as a complete television system includ-
ing transmitter and receiver by sine-wave methods is
usually so great that the attempt is not often made.!'-**
Notwithstanding, a reasonably linear phase shift is
conceded to rank with amplitude uniformity in impor-
tance. The extreme ease with which square-wave re-
sponse can be recorded with suitable equipment has
been pointed out in the companion paper. The analysis
of the response for delay versus frequency through the
use of charts is simple and immediate.

In particular cases, square-wave measurements may
provide useful data which are almost impossible to
obtain by sine-wave measurements and synthesis. An
example is the modulation amplifier of a television
transmitter in which the outputimpedance may be rela-
tively high at low frequencies, in order to permit a high
output voltage, and relatively low at high frequencies
such that the frequency fidelity of the stage alone is
poor. Adequate equalization may be inserted in earlier
stages of the system but high-frequency components
may be saturated at high levels. A sine-wave charac-
teristic of the entire amplifier taken at a low level for
which saturation is negligible would indicate high fidel-
ity. It would be almost impossible to synthesize from
the low-level sine-wave data the transient response
for a high level corresponding to conditions occurring
in common use. Square-wave oscillographic tests, how-
ever, would indicate the transient response correspond-
ing to any desired level. An evaluation of the square-
wave response for the purpose of finding the blur cor-
responding to various levels would be significant but a
determination of the sine-wave response at levels where
saturation exists would have no meaning in the usual
sense.

In general, square-wave methods have greatest use-
fulness (as compared with sine-wave methods) in deal-
ing with performance of units which are likely to con-
tribute a substantial amount of the distortion in the
transmission characteristic of the system. Included in
this classification are entire transmitters, entire re-
ceivers, long transmission lines, pickup chains, and
any single amplifier stages which may be regarded as
“hottleneck” stages. It would be rather pointless to
find the square-wave response and the equivalent blur
of a single stage of a video voltage amplifier of good

1 B, D. Loughlin, “A phase curve tracer for television,” PRroc.
I.R.E., vol. 29, pp. 107-115; March, 1941. Loughlin describes ap-
paratus which furnishes a direct plot of phase versus frequency on
the screen of a cathode-ray tube. The complexity of the apparatus
may limit its general utility.

1 M. E. Strieby and J. F. Wentz, “Television transmission over
wire lines,” Bell Sys. Tech. Jour., vol. 20, pp. 62-81; January, 1941,
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fidelity in a system in which many similar stages exist.
Usually the distortion of a single stage is so small that
only the accumulated effect of several stages is clearly
evident in the over-all square-wave response. The
writers arc not aware of the existence of a practicable
method of combining the individual squarc-wave re-
sponse of two or more units for the purpose of finding
the over-all squarc-wave response. Even if a feasible
method should exist, the experimental errors involved
in many individual measurements would jeopardize
the dependability of the calculated over-all response.

If units of good fidelity must be considered individ-
ually, it becomes expedient to determine first the sine-
wave characteristics and then to combine the sine-
wave characteristics so that a synthesis of the over-all
square-wave response may be performed.

The accuracy of square-wave methods is more than
adequate to reveal those imperfections of transmission
which cause discernible effects in a television picture.
Therefore, the authors hope that this paper will be a
contribution to the general problem of working out
electrical specifications for television transmitters and
other television apparatus, giving information regard-
ing the steepness of rise and the amplitude of over-
swing of the square-wave response.

APPENDIX |
ANALYSIS OF SQUARE-WAVE RESPONSE

Let the square-wave response be approximated by a
stepped wave fas shown in Fig. 1. The £th step may be
approximated by the scries
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where N is very large.
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(a) Compensated resistance-
capacitance amplifier.
Fig. 21

(b) Equivalent circuit
for high frequencices.

The sum of Af steps leads to the following expression
for the stepped wave

LA . 2 M N1
>4y [,1,,,2 — sin nw,(t — Tm)]- (4
mel 2 T m=] n=1 N

The constant term in (3) is not of interest. If the order
of summation of the second term is reversed, there
results

2 N 1 M
_Z_Z[Amsinnwa(t—Tm)]- (5)
T =l B opei

The inner sum written for some specific value of # as
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N, is the total N th harmonic content of the stepped
wave. That is,

2 1 M
Ly = Z Am sin A\'lw.,(t - T,,.)
! n Ny ooy

(0)

2 1 .
= By, sin Nyw,(t—tw,).
m Nl
Since the input square-wave signal may be approxi-
mated by the form
1 2 ALl
5 + Z sIn nwd

T a=] N
it follows that the N, component of the input is

2 1
sin Vw1,
T iV

The amplitude response of the circuit is, therefore,
By, and the time delay is Ty,. These two quantities
may be found graphically as indicated in Fig. 1(a)
and (b).

Since w, may be allowed to approach zero, it follows
that reference to a fundamental frequency is not re-
quired and the amplitude and phase corresponding to
any frequency may be found.

APPENDIX ]]
THE COMPENSATED RESISTANCE-CAPACITANCE
AMPLIFIER

A schematic diagram of the amplifier appears in
Fig. 21. When R, >» Z(L, C, R) the response of the
equivalent circuit to a unit function is expressed by
the following equation :

R
e= ;~ [1—e "tk e {4 sin (u49)+ Bt sin (ur+8)} |
, .

in which
t = time 4 = 2rfo/1 — K2/4
Jo=1/Qn\/L() B=\VPt+A?
A=\14 M2 ¢ = tan™! >
K = 2nfoRC
— 3+ 3K — K12 N
M = = = B = tan!-
IK(1 — K2/g)r P
N = (K2 —1) , _ mfe(3 — K?)
K1 — Koy 2K(1 — K?/4)

The amplitude response is
R 2/ 2
amplitude = .H*1/ ! +\B /A -
R, ¥ BK? 4 (B? — 1)t

1
delay = 2—} tan~! (1 — K? — B)B/K

T

€S
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in which
f = frequency

B = f/fo
K = 2=zfRC.

AppENDIX III

RELATION BETWEEN SQUARE-WAVE
ANALYSIS AND FOURIER ANALYSIS

Assume that the response of a linear electrical net-
work to a unit function is represented by e(t) in
Fig. 22(a). The response e (t) of the same circuit to
a square pulse At seconds long is found by shifting
ei(t) to the right along the time axis by an amount
At and subtracting the result from e(t) that is,
e(t) =ey(t) —ey(t+Af). If the condition is imposed
that e,(t) =1 for ¢ 2t,, then ex(t) =0 for t = (¢, +At).

(q)

() e (t) ,(t)

e
0 N—"
TIME —=
Fig. 22—Fourier analysis applied to the response of a circuit to a

square pulse compared with square-wave analysis applied to
the response to a unit function.

t*To N

-~

It is clear that the waveform of the response é;(t)
of the same circuit to the periodic pulse wave of Fig.
22(b) is given for each cycle by es(t) if T2 (¢,+AL).
Hence, the coefficients of the Fourier series written for
es(t) may be expressed in terms of the ordinate readings
of e (¢) taken at successive equal time intervals. Thus

e3(t) = ao + ay cos 2mfot + - - - 4 ar cos K2xfot + - - -
n
4 an2 COS ? 2nfot 4 by sin 2xfot + - - -

4+ bisin K2xfot 4 - - -

+ b(azy—1 sin (—;— - 1)21rfot
where
ar = 28tfs[(y1 — o) cos K2nAtf,
+ (y2 — m) cos KdnAtfo + - - -
+ (yq — ¥o-1) cos Kq2wAtfo)
= 2AthA

Bedford and Fredendall: Transient Response of Television Apparatus

457

and
be = 24tfs[(y1 — yo) sin K2xAtfo
+ (y2 — y1) sin K4=Alfo + - -
+ (yg — Vo) sin k2xAtfo]
= 2Atf,B.

The Fourier series for Eq(¢) is
Es(t) T°+221'KM 21K fof
= — 4 — — sin — cos )
: At & k 4 T L

Hence, the amplitude characteristic of the circuit is
given by

ALK )
R(K, fo) = — h T

sin 7ALKf
or 1250 R, 0 = R = [ B0/ ATE B
sin wAtf

and the delay characteristic is given by

limit  0(K, 1
fo_:o _(_—_fgz [ — tan—l — 0
2nf 2nf A

Now \/A’+B2 is the same expression which is obtained
for the amplitude characteristic by the graphical
method of square-wave analysis. Hence, wA{f/sin wAtf
may be regarded as the conversion factor which con-
verts square-wave analysis into Fourier analysis when
the latter is based on the square pulse.
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Fig. 23—Conversion factor for obtaining Fourier analysis from
square-wave analysis. C times amplitude according to square-
wave analysis equals amplitude according to Fourier analysis.

The magnitude of the conversion factor is shown in
Fig. 23. It may be concluded that for most applications
of square-wave analysis in television, the conversion
factor may be taken equal to 1. The delay character-
istics as determined by square-wave analysis and
Fourier analysis are identical.




A Portable High-Frequency Square-Wave Oscillograph

for Television”

R. D. KELLfY, AssoCIATE LR.E., A. V. BEDFORDY, ASSOCIATE, L.R.E.,
AND H. N. KOZANOWSKIf, ASSOCIATE, L.R.E.

Summary—A portable high-frequency oscillograph for television
is described by which a square-wave (100-kilocycle) response may be
viewed as a dotled wave and readily recorded as a series of readings.
The dots are spaced at 1/30- (or 1/20-) microsecond intervals. No elec-
trical connection is required between the oscillograph and the square-
wave generalor other than tha! established through the apparatus under
test stnce the synchronous sweep and timing dols are derived from the
square-wave response of the apparatus. Circuit diagrams of the square-
wave generalor and square-wave oscillograph are given.

I. INTRODUCTION

YHE applications of square-wave measurements
in television are developed in detail in a com-
panion paper! in which the following aspects

are treated: (1) a graphical chart method for analyzing
the response of a system to a square-wave input signal
to obtain the sine-wave amplitude and delay charac-
teristics; (2) a graphical chart method for synthesizing
the response to a square-wave from the sine-wave
amplitude and delay characteristics; (3) a method for
evaluating the mean steepness of a transient-response
wave in terms of the width of blur produced in a tele-
vision image by a visually equivalent wave having a
lincar change between two reference half tones: and
(4) specific applications of square-wave measurements.
When an experimentally determined square-wave
response is required for the execution of items (1), (3),
and (4), the usc of a suitable oscillograph becomes
necessary. It is the purposc of the present paper to
describe a portable high-frequency oscillograph and a
square-wave generator by which a square-wave re-
sponse may be viewed as a dotted wave and readily
recorded as a series of amplitude readings separated by
known equal time intervals.

I1. Ciioice oF TiE FUNDAMENTAL FREQUENCY
OF THE SQUARE WAVE

It can be shown that if the response of an electrical
circuit to a unit-function input subsides to a substan-
tially constant value after the transient interval as
shown in Fig. 1 (A), the response of the same circuit
to a square wave as shown in Fig. 1 (B) contains a
transient interval or transition a —b essentially similar
to that due to the unit function. In practice, the transi-
tions may be considered identical when the period of
the square wave is about 3 or more times greater than
the duration of the transient interval as in Fig. 1. For
most television measurements, a 100-kilocycle square

* Decimal classification: R388 X R583. Original manuscript re-
ceived by the Institute, February 19, 1942, Presented, Summer
Convention, Detroit, Michigan, June 25, 1941,

t RCA Manufacturing Company, Camden, New Jersey.

! A.V. Bedford and G. L. Fredendall, “Analysis, synthesis, and

evaluation of the transient response of television apparatus,” Proc.
I.R.E., this issue, pp. 440-457.
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wave has been found to be adequate. Hence, the design

of a square-wave oscillograph was based on this funda-

mental frequency. The analysis and evaluation proc-

csses mentioned in Scction | presuppose that the

squarc-wave response of the apparatus under test is
g e

courPYr

]

Fig. 1—(A) Response of a circuit to a unit function.
(B) Response of the same circuit to a square wave.

essentially equivalent to the unit-function response so
far as the high-frequency components are concerned.?

ITI. Tine ESSENTIAL COMPONENTS
OF THE OSCILLOGRAPII

Fig. 2 is a block diagram of a typical test arrange-
ment including the 100-kilocycle square-wave genera-
tor, the apparatus under test, and the square-wave
oscillograph. The essential components of the oscillo-
graph are shown as blocks within a larger block. No
clectrical connection is required between the oscillo-
graph and the generator other than that established
through the apparatus under test because the syn-
chronous sweep and timing signals are derived from
the square-wave output of the apparatus.® This feature
contributes to convenience even in a very simple setup,
but is of greatest advantage in the testing of distrib-
uted systems in which the input and the output are
separated by a considerable distance as in a complete
transmitter and an associated television receiver.

Fig. 3 is a photograph of the square-wave oscillo-
graph and squarc-wave generator. In Fig. 4, the probe

? The use of a 60-cycle square-wave generator and an oscillo-
graph l'o!- mvestigation of the behavior of a television system at low
Srequencies of the order of the field-scanning rate is well established.
‘I‘n'thcs:: measurements, performance is judged by inspection of the
tilted” output wave and harmonic analysis of the wave is usually
not desired. In general, a television system will have uniform re-
sponse over a frequency range of many octaves in the region be-
tween the so-called “low-frequency” end and the “high-frequency”

end, so that fidelity measurements at the two ends of the spectrum
may be considered scparately. This paper will be concerned only
with the hlgh-ﬁ.—equoncy end.

.2 Most previous square-wave oscillographs have depended upon
a lincar sweep and photography for recording. Some have required
addmonal.co.nncctxons between the generator and the cathode-ray
tube for timing. Such an oscillograph is described by IL. E. Kall-
mann in “Portable equipment for observing transient response of
tﬁ)lf(\)nsnon apparatus,” Proc. I.R.E., vol. 28, pp. 351-360; August,

October, 1942
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Fig. 2—Block diagram of a typical test arrangement showing the
square-wave generator, apparatus under test, and the square-
wave oscillograph. Internal components’of the oscillograph also
appear in block form.

and power cord have been removed from the storage
compartment in front of the cathode-ray tube. The
theory of operation of the various components to-
gether with certain constructional details is given
below.

Fig. 3—Square-wave oscillograph and square-wave generator.

A. Input Probe and Video Amplifier

Fig. 5 shows a schematic diagram of the probe and

INPUT  PROBE
[z 2

.....

a

A

VIDEO
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the video amplifier for vertical deflection of the
cathode-ray tube. Rectangles enclose all external
controls on the diagram. The input probe contains an

Fig. 4—Square-wave oscillograph and probe.

attenuator and a control for varying the internal ca-
pacitive load across the input terminals. In order to
allow convenient use with short leads from the appa-
ratus under test, the probe is in a small metal box
connected to the oscillograph proper by a perma-
nently shielded cable.

In experimental work, a record of the square-wave
response at the grid of a tube or at the grid of a kine-
scope where the impedance is high is frequently de-
sired. For such applications, the probe may be substi-
tuted for the input capacitance of the tube or kinescope
and the total capacitance adjusted to the original
value. A satisfactory substitution can generally be
made since the minimum input capacitance of the
probe is only 8 micromicrofarads. The resistive com-
ponent of input impedance is negligible.
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Fig. 5—Simplified circuit diagram of probe, video amplifier, and cathode-ray tube in the square-wave oscillograph.
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(A) Square-wave response of generator and
oscillograph only.

Fig. 6

When switches Sy and S are open, the capacitance
C: and the distributed capacitance of the probe cable
comprise a capacitive potentiometer. The attenuation
present when Sy and S, are open was not purposely
inserted but is incidental to the primary object of a
low input capacitance. When the signal to be meas-
ured has a high voltage level, the capacitor: C; or
capacitor C¢ may be switched across the cable to
attenuate the signal by a factor of 3 or 9 times as
desired. The effect of the high-resistance grid lcak of
the first amplifier stage upon frequency fidelity of the
capacitive potentiometer is negligible for frequencies
above 250 kilocycles (lower limit used in the analysis
charts). The grid-lcak resistance, which is higher than
commonly satisfactory for use with the 6AC7 type of
tube, is low enough for stable operation in this applica-
tion because the fixed portion of the cathode sclf-bias
resistor is much higher than normal. The positive bias
voltage applied to the lower end of the grid leak pro-
vides a net bias on the tube that is essentially normal,
but docs not interfere with the desirable automatic-
control voltage generated across the high cathode
resistor. The variable portion of the cathode resistor
provides additional bias for fine control of the mutual
conductance of the tube.

The plate circuits of
the first three video
stages are simple in-
ductance-compensated
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(B) Combined amplitude and delay
characteristics
oscillograph
analysis of rising trace in (A).

October

degenceration,

Sufficient gain or attenu-
ation control is available so
that a peak-to-pcak deflec-

tion of 100 units on the

#Y  oscilloscope screen s pos-

o,: sible throughout an input

) é range of 1 to 100 volts,

*  peak-to-peak. This range is

O O O N A adequate for most square-

wave measurements on vid-
co apparatus in the televi-
sion receiver and  trans-
mitter without the use of
auxiliary amplificrs or at-
tenuators,

The  frequency  response
of the probe and amplifier is essentially flat from 100
kilocycles to 6 megacycles, A phase characteristic
of the probe and amplifier is difficult to obtain in-
dependently  of the phase  characteristics of the
square-wave generator. Fortunately, the really perti-
nent data are not the characteristics of the com-
ponent parts but the over-all amplitude and delay
characteristics of the square-wave generator and
the oscillograph. Fig. 6 shows these characteristics
as determined from a chart analysis of the square-wave
response of the video amplifier and square-wave gen-
crator when directly connected. The amplitude char-
acteristic is flat within +4 per cent out to 4.5 mega-
cycles and the corresponding delay characteristic is
flat within +0.01 microsecond. If interest is restricted
to the usual video spectrum of 4.5 megacycles, these
characteristics allow use of the cquipment without
corrections where only moderate accuracy is required.
When corrections as indicated in Fig. 6 (BB) arc applicd,
the frequency range and the accuracy may be.consider-
ably extended.

FHEQUENCT PMC
/8!

and
chart

of generator
according  to

B. Sweep Circuit for Horizontal Deflection

The sweep circuit is shown in Fig. 7. Tube 8 is
driven by the 100-kilocycle-wave signal which exists
across a part of the cathode resistor (point Q, Fig. 5)

stages. The fourth
stage delivers cathode-
output and plate-out-
put signals for driving
the push-pull output
tubes. This stage re-
quires no high-frequen-
cy cqualizing circuits
and is also free from
amplitude distortion
as a consequence of
the large amount of

Fig. 7—100-kilocycle sine-wave sweep circuit and blanking
circuit of the square-wave oscillograph.
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of one output tube of the video
amplifier. When the gain of the
amplifier has been adjusted for
a suitable vertical deflection on
the cathode-ray-tube screen, the
square-wave signal at point Q
is also suitable for driving the
sweep circuit.

The plate circuits of tubes (8)
and (9) are tuned to 100 kilo-
cycles; hence, the horizontal-
deflection  voltage appearing
across D)-D, is essentially a sine
wave. The voltage across D,-D;
is used to deflect the cathode-’
ray tube horizontally as indi-
cated by the similarly marked
points in Fig. 5. The “sweep
amplitude” is usually adjusted
to several times the value which
would just traverse the screen so that the visible por-
tion of the sweep is reasonably linear. There is no
need for the usual saw-tooth sweep circuit and syn-
chronizing circuit since the use of timing dots, as ex-
plained below, ebviates the necessity of a linear time
axis. Centering of the squarc-wave response on the
cathode-ray-tube screen is accomplished by (1) adjust-
ment of the tuning condenser or ‘‘sweep-phase’ con-
trol in the plate circuit of tube (8) and (2) by adjust-
ment of the ‘‘horizontal-centering’ control in the
cathode-ray-tube circuit. The former control alters the
phase relation between the sine-wave sweep signal
and the square-wave signal across the vertical deflec-
tion plates. This control covers a large range and
serves a very useful purpose as explained below.

C. Cathode-Ray Keying Circuit for Timing

Almost every significant interpretation of a square-
wave response curve, such as the cvaluation of picture
detail transmitted or the determination of amplitude
and dclay characteristics, depends upon the time base
of the response curve as well as upon its shape. There-
fore, an accurate means for measuring time along the
curve appearing on the fluorescent screen of the cath-
ode-ray tube is indispensable. The required accuracy
is accomplished by a keying system which extinguishes
the cathode-ray beam at cither a 20- or a 30-mega-
cycle rate as desired. The keying or ‘“‘dotter’ circuit
shown in Fig. 8 (A) receives the amplified 100-kilo-
cycle square wave from point Q in Fig. 5. The high-
frequency keying signal which keys the beam is then
generated by means of the chain of 5 frequency multi-
pliers. Since the keying signal is synchronous with the
square wave and the sweep circuit, the wave traced
upon the screen consists of a dotted line in which the
time interval between dots is the known time for 1
cycle of the keying signal. In order that the plate
circuit of the first multiplier tube (10) shall have an
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Fig. 8—(A) Dotter circuit of square-wave oscillograph.
(B) Square-wave signal at point Q.
(C) Differentiated signal at grid of 500-kilocyclg multiplier tube.
(D) Plate current of multiplier tube.
(E) Output voltage of 500-kilocycle multiplier.

abundant amount of Sth-harmonic signal, independ-
ent of the ratio X/Y in the square wave shown in Fig.
8 (B), the square-wave signal from Q is effectively
differentiated by the coupling condenser and grid leak
and then clipped by the tube (10) as shown in Fig. 8
(C) and (D).

In an earlier arrangement, the 100-kilocycle sine-
wave sweep signal was impressed on the chain of mul-
tipliers. This method was not satisfactory because
small spurious changes in the video input level and in
the amplification caused the amount of saturation of
the first multiplier to vary, thereby changing the rela-
tive phase position of the harmonics with respect to
the transition point in the square-wave test signal.
Although the phase changes represented very small
time changes compared with the period of the 100-
kilocycle wave, the effect was great enough to cause
the dots on the oscilloscope trace to move along the
wave over distances comparable to the space between
dots.* Since the reading and recording of the ordinates
of the dots comprising the trace on the screen requires
appreciable time, spurious changes in the phase of the
dots seriously impaired the accuracy of recording. The
improved method of deriving the dots described above
provides very stable timing because the pulses of plate
current shown above line m in Fig. 8 (C) are fixed with
respect to the rising portion of the square wave in Fig.
8 (B).

In cach unit of the chain of conventional frequency
multipliers, the amplitude of the input sine wave is
sufficient to cut off the tube. The proper harmonic is
then selected by a parallel-tuned plate circuit. The
plate circuit of the last multiplier may be tuned to
cither 20 or 30 megacycles depending upon the position

¢ This phenomenon, by which a small change in phase in an
early stage of a chain of frequency multipliers causes a large phase
change in the final high-frequency stage, is used to advantage in the
Armstrong method o?frcqucncy modulation for sound transmission.
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k. Mechanical Features

The chassis of the oscillograph extends vertically
along the length of the case and is fastened to the
center of the front control pancl as shown in Fig. 10.
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Fig. 9—Actual view of a square-wave response showing rising trace

of the switch marked “20-Mc —30-Mc Dots.” The
variable condenser marked “Tune Dots” serves as a
vernier. The output point G of the dotter circuit is
connected to the grid of the cathode-ray-tube as
shown in Fig. 5. Small and well-defined dots are ob-
tained when the bias of the cathode-ray-tube is suffi-
ciently negative to extinguish the beam except during
positive peaks of the keying signal.

D. 100-Kilocycle Blanking Circuit

In order to allow easy observation of cither the rising
or the falling trace of the square-wave response (one
at a time), a blanking circuit is provided, as shown in
Fig. 7, for extinguishing the beam during the undesired
trace. One trace is extinguished when the grid of the
cathode-ray tube is biased by a blanking signal de-
rived from the voltage at one horizontal-deflection
plate and shifted necarly 90 degrees by a resistance-
capacitance network. The other trace is extinguished
by throwing switch S; which applies a blanking signal
derived from the voltage at the other deflecting plate
and shifted by a similar resistance-capacitance net-
work. Both traces may be viewed at the same time if
the “‘beam-intensity’’ control is raised above the nor-
mal level. Fig. 9 shows only the rising trace. The out-
put circuit at G, in Fig. 8 which connects the grid of the
cathode-ray-tube, has impedance high enough not to
interfere with the high-frequency keying of the grid.

Fig. 10—Chassis of the square-wave oscillograph

All electrical parts are mounted so that the instrument
may be operated when removed from the case for
servicing. All tubes are mounted on one side of the
chassis and all small parts and wiring are accessible
from the other side. The cathode-ray-tube is mounted
with the face recessed several inches behind the view-
ing aperture in the control panel, thus forming an
effective light shield.

Provision is made for storing the probe and the
power cord in the compartment in front of the cathode-
ray tube. The oscillograph weighs only 46 pounds and
is readily portable.

IV, THE SQUARE-WAVE GENERATOR

An ideal square wave with infinite stecpness con-
tains all odd harmonics up to infinite frequency. The
amplitudes of the harmonics are inversely propor-
tional to the frequency and the phases are such that
all harmonic waves pass through zero at the same
time as the fundamental. High-frequency cutoff, re-
duction of the high-frequency components, or relative
phase shift tends to reduce the steepness of rise and
fall of the square wave.
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Fig. 11—Block diagram of square-wave generator.
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The 100-kilocycle square-wave generator shown in
the block diagram in Fig. 11 employs a sine-wave
oscillator followed by several stages of limiting ampli-
fiers which limit as a consequence of plate-current
cutoff. If distributed circuit capacitance were not a
controlling factor, a square wave of any prescribed
steepness could be derived by repeated limiting and
amplifying of a sine wave.

Since the square-wave generator for testing with the
square-wave oscillograph must have good fidelity up
to at least 4.5 megacycles (preferably higher), it was
found necessary to provide inductance compensation
for the interstage coupling between the later limiter
stages. The generator has a 75-ohm output circuit
supplied from the cathode of the last stage and a 500-
ohm high-level output circuit supplied from the plate
of the same stage. The voltage output is controlled by
varying the bias on the output stage. The weight of
the generator is 16 pounds.

V. OPERATION OF SQUARE-WAVE
MEASURING EQUIPMENT

The arrangement of the square-wave measuring
equipment for test is shown in Fig. 2. A choice between
cathode-output and plate-output terminals of the
square-wave generator is dictated by the nature of the
input impedance of the apparatus under test. In in-
stances which permit a 500-ohm source, the plate out-
put may be used with a greater available maximum
amplitude.

The probe is connected at the point in the apparatus
at which the square-wave response is required. If
this point has high impedance, it is desirable to dis-
connect some circuit element such as a tube grid and
then adjust the probe capacitance to give the original
total capacitance at the point as indicated by a ca-
pacitance meter. If no circuit element can be removed,
the probe capacitance should be made a minimum.

Three controls may be manipulated in order to
secure a full-scale square-wave response trace on the
cathode-ray tube: (1) output control of the square-
wave generator, (2) gain control of the oscillograph,
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and (3) attenuator switches in the probe. The manner
in which a full-scale deflection is obtained is dependent
on the input and output voltage conditions desired
for the apparatus under test. Horizontal and vertical
centering controls permit centering of the trace on the
calibrated scale of the cathode-ray tube. For con-
venience in recording data, the two constant levels of
the trace, preceding and following the abrupt transi-
tion, should lie on the 0 and 100 per cent lines of the
calibrated scale as shown in Fig. 12.

The choice of 20- or 30-megacycle dots is dependent
upon the use to be made of the data. The use of 30-
megacycle dots defines the response wave more com-
pletely so far as high-frequency components are con-
cerned; thus allowing greater accuracy in the analysis
of the response for determination of the sine-wave
characteristic of the apparatus under test. However,
the use of 20-megacycle dots is desirable for quick
recording and analysis where less accuracy is accept-
able.

A record of the response consists merely of a se-
quence of numbers or ordinates corresponding to the
vertical positions of the dots on the trace. The first
reading is 0 when the vertical centering is properly
adjusted and corresponds to the dot which just pre-
cedes the beginning of the rise (or fall) of the trace. In
order to obtain the second reading, the entire trace is
shifted by means of the “sweep-phase’’ control until
the next or second dot occupies a position on the cali-
brated vertical axis as shown in Fig. 12 (A). The corre-
sponding ordinate is recorded. The positions of the trace
for the third and the fourth readings are shown re-
spectively by Fig. 12 (B) and Fig. 12 (C). Ordinates of
subsequent dots are recorded in order by shifting the
phase control in each instance until the dot falls on
the vertical axis. Usually less than twenty readings
are required to define the entire transition. Two ends
are attained by following this procedure instead of by
taking all readings with the trace in one position: (1)
only a minimum amount of diligence is needed to
insure recording all dots in the correct order and (2)
errors are avoided which otherwise might be intro-

duced as a conse-

quence of a variation
ol in vertical-deflection
a3 sensitivity by reason
= oA A = of horizontal deflec-
A tion. Usually the re-
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© response of a detec-
Fig. 12—(A) Position of square-wave trace for recording ordinate values tor for a vestigial-

of second dot. (Reading is 15.) N

eading is 36.) sideband system

iB) Position for third dot.

C) Position for fourth dot. (Reading is 64.)

with high-percentage




modulation.* The falling transition is recorded in the
same manner as the rising transition except that the
readings are madc on the inverted scale beginning at
the top. The measuring apparatus can be calibrated or
checked by recording the output of the squarc-wave
generator directly.

It is believed that portable square-wave measuring
equipment of the type described will be found useful

* R. D. Kell and G. L. Fredendall, “Selective side-band trans-
mission in television,” RCA Rev., vol. 28, pp. 425—444; April, 1940,

in experimental work, in routine checking, and in
determining specifications of television apparatus. The
recorded data are permanent and can be filed for
future reference and comparison with similar square-
wave records. Reconstruction of the square-wave
response on paper is obtained readily by plotting the
instantancous recorded values. The form of the data
is also dircctly suitable for analysis by the chart
method described in a companion paper.!

A New Direct Crystal-Controlled Oscillator
for Ultra-Short-Wave Frequencies’

W. P. MASONY, FELLOW, LR.E.,, aNp [. E. FAIRY, ASSOCIATE, LR.E.

Summary—An ultra-high-frequency crystal oscillator isdescribed
which utilizes a mechanical harmonic o]y an AT or BT crystal. With
the oscillator frequencies as high as 197 megacycles, harmonics as
high as the 23rd have been excited. Taking the second elecirical har-
monic of the oscillator, frequencies as high as 300 megacycles, or 1
meter have been oblained. gince a mechanical harmonic is used, the
crystal can be of a practical size to handle and adjust. The harmonic
vibration of the AT and BT crystals have as lowatemperature coefficient
as the fundamental mode, and temperature coeffictents of less than two
parts per million per degree centigrade are easily obtained. Stability
curves for this type of oscillator are shown and the resulls indicate that
at 120 megacycles stabililies in the same order of magnitude as for
ordinary cryslal oscillators can be obtained. Without temperature or
voltage control it appears likely that the frequency should remain con-
stant to +0.0025 per cent.

Some measurements have been made of the properties of harmonic
crystals al high frequencies. 1t was found that the Q of a crystal is inde-
pendent of the frequency bul in general increases with harmonic order.
The ratio of capacitances r of a crystal increases as the square of the
harmonic order. It is shown that in order to oblasn a positive reactance
in the crystal Q >2r. This relation will only be satisfied for harmonics
of AT crystals less than the 7th. A's a result oscillator circuits such as the
Pierce circuil cannot be used to drive crystals al high harmonic fre-
quencies. A discussion of oscillator circuils is given and it is shown
that a capacitance-bridge oscillator circuit with the crystal in one arm

is the best type to use for high-frequency harmonic crystals.

I. INTRODUCTION

DURING the last scveral years high-frequency

vacuum tubes of moderate power output’ have

been developed which extend the commercially
usable frequency spectrum into the ultra-short-wave
region. Point-to-point station transmitters working at
120 megacycles and 150-megacycle aircraft trans.
mitters are examples of such moderate power equip-
ment. These applications require high-frequency oscil-
lators with stabilities of the high order of magnitudes
which are attainable with crystal oscillators. This sta-

* Decimal classification: R355.65. Original manuscript received
by the Institute, December 3, 1941; revised manuscript received,
March 18, 1942,

1 Bell Telephone Laboratories, Inc., New York, N. Y,

* 1A, L. Samuel and N. E. Sowers, ‘A power amplifier for ultra-
high frequencies,” Proc. I.R.E., vol. 24, pp. 1464-1483; Novem.
ber, 1936; Bell Sys. Tech. Jour., vol. 6, pp. 10-34; January, 1937,
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bility has been obtained in the past by using crystal
oscillators working under 20 megacycles with a number
of stages of harmonic generation.

It is the purpose of this paper to describe a crystal
oscillator which is controlled directly by a crystal reso-
nance as high in frequency as 197 megacycles. This
resonance is a mechanical harmonic of a low-coefficient
AT-cut crystal. The mechanical harmonic has the same
temperature coefficient as the fundamental AT crystal
which can be made under two parts per million per
degree centigrade. Sinee a mechanical harmonic is used
the crystal is considerably thicker than it would be if
it had to vibrate as its fundamental in the ultra-short-
wave region, and hence it can be ground and adjusted
much more casily than a very thin crystal. The par-
ticular oscillator whose propertics are described here
uses the 15th mechanical harmonic of an AT-cut
crystal and produces a frequency of 120 megacycles.

Theoretically the clectromechanical coupling of a
harmonic crystal varies inversely as the order of the
mechanical harmonic and the ratio of capacitances in
the cquivalent circuit varies proportionally to the
square of the order of the mechanical harmonic. It be-
comes increasingly difficult to excite a harmonic vibra-
tion with the ordinary oscillator circuits and in fact
harmonics higher than the Sth cannot usually be ex-
cited with the Pierce circuit for cxample. The reason
for this is that the Pierce circuit requires the crystal to
have a positive reactance in order that oscillation shall
take place. It is shown below thatin order for a positive
reactance to occur in the crystal it is necessary that
k*/2>1/Qor 0> 2r where Q is the ratio of reactance of
the coil in the electrical representation of the crystal to
its resistance, k the electromechanical coupling factor,
and r the ratio of the shunt static capacitance Cy of the
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crystal to the series capacitance Ci. The ratio of ca-
pacitances of a fundamental AT crystal as usually
mounted is in the order of 1000 to 1 and hence 27 for
the 5th harmonic would be 50,000. The Q of a crystal
is usually not much larger than this so the Sth har-
monic is about the highest harmonic that can be driven
by the usual oscillator circuits.

For this application the circuit used consists of a
high-frequency pentode with a tuned grid and plate

Fig. 1—Equivalent electrical circuit for piezo-
electric crystal.

coupled back through a capacitance bridge of which
the crystal forms one arm. For this circuit the crystal
impedance does not have to have a positive reactance
and it has been found possible to control the frequency
of an oscillator with harmonics up to the 23rd or
higher.

The stability obtainable with this oscillator is about
the same as can be obtained with ordinary circuits at
lower frequency. The stability with plate-voltage
change is in the order of 0.05 cycle per megacycle per
volt. The temperature coefficients of the crystal are
under two parts per million per degree centigrade.
Without regulation of voltage or temperature the fre-
quency should be stable to +0.0025 per cent or better.
With regulation the stability can be increased.

11. PROPERTIES OF HiGli-FREQUENCY CRYSTALS

In order that a crystal shall be useful in an ultra-
high-frequency oscillator it is necessary that its Q shall
remain high in the high-frequency range. Since no
measurements have becn published on how the Q's of
crystals vary with frequency it was thought worth
while to measure the Q's of AT-cut crystals over a

COMPARISON RESISTANCE

e

> e
OSCILLATOR > «— LOW RESISTANCE -/T‘ DETECTOR § i //
i J
Fig. 2—Resistance method for measuring
Q of crystal.

wide frequency range. For this purpose 9 crystals were
obtained whose fundamentals varied in frequency from
800 kilocycles to 20 megacycles. The Q of a crystal is
defined with respect to the cquivalent circuit of the
crystal shown in Fig. 1. Here the static capacitance of
the crystal is designated by Co, while the effect of the
motional impedance of the crystal is represented by the
series-resonant circuit Ly, Cy, and R;. The Q of the
- crystal is defined as the ratio (2nfrL,)/ R, where fg
is the resonant frequency.
Three independent methods were used to measure
the Q of the crystals. At the lower frequencies the
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method used was the one described in a former paper?
and shown in Fig. 2. It consists in measuring the reso-
nant frequency fr, the antiresonant frequency fa, the
resistance at resonance R, and the static capacitance
Co of the crystal. From these the Q of the crystal can
be calculated from the formula

et/ =), 1
21l'fRCoR 41I'RCOA

At higher frequencies, the measurement of resistance

becomes less reliable. At these frequencies, however,

the reading of vacuum-tube voltmeters is satisfactory,
so the circuit of Fig. 2 was modified to that of Fig. 3,

(1)

Q= where A=f,—fr.

I
10— 1
> VACUUM
VERY LOW >
OSCILLATOR %.—— AEstSTANEE —" T LT
R & 3 ,_J

Fig. 3—Voltmeter method for measuring
Q of crystal.
and the resonant and antiresonant frequencies were
measured as well as the voltage across the low terminal
resistance at resonance and antiresonance. It is readily
shown that the Q of the crystal will be given by the
formula

AL
Q=—£X,‘/—Z where A = fa— fr (2)

and Vg and V, are the voltages across the terminating
resistance at the resonant and antiresonant fre-
quencies, respectively. A third method used was to
measure the voltage across the terminating resistance
at antiresonance and a few cycles from antitesonance.
For this case the Q of the crystal is given by

o)

where A is the difference in frequency between the

antiresonance and the frequency for which the voltage

V¢ is measured. All three methods were compared on

several crystals and checked within a few per cent.
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Fig. 4—Measurements of the Q of fundamental AT-cut crystals
over a frequency range.

The measurement of the fundamental frequencies of

the 9 crystals are shown in Fig. 4. Although the Q

varies over a considerable range from crystal to crystal,

s W. P. Mason, “Electric wave filters employing crystals as
clements,” Bell Sys. Tech. Jour., vol. 13; pp. 405-452; July, 1934,
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there is no significant trend with frequency. The ratio
of capacitances for the fundamental AT crystals was
around 1000 to 1.

The harmonic vibrations of three of the crystals were
also measured and the resulting Q's are shown in
Fig. 5. The crystal having a fundamental at 1 mega-
cycle has a fundamental Q of 98,000 and progressively
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Fig. 5—Measurements of the Q of harmonic
AT-cut crystals,

L
higher Q's at the higher-order harmonics. The other
crystals have lower initial Q’s but all show an increas-
ing Q with harmonic order. The crystal having a funda-
mental of 8 megacycles is one of the crystals used in
the oscillator described in this paper.

It is thought that the variation in Q of shear-vibrat-
ing crystals is due to very minute cracks on the surface
which cause a small amount of rubbing when the crys-
tal vibrates. This is borne out by the fact that etched
or polished crystals usually have a higher Q than non-
treated crystals. This is probably also the explanation
of the higher Q in the harmonic crystals for a harmonic
crystal is similar to a number of crystals in serics with
a number of vibrating surfaces as shown in Fig. 6. All
the internal surfaces will be whole and free from cracks.
If most of the resistance is associated with the outside
faces it follows that a harmonic crystal with a large
number of internal faces should have less dissipation
than a fundamental crystal. At the high-order har-
monic the Q seems to approach an asymptote of
400,000 to 500,000, which is probably the Q associated
with the internal dissipation.

These data indicate that as far as internal dissipa-
tion is concerned, the Q of a crystal is independent of
the frequency. If, however, one goes from a condition
for which the Q is controlled by the surface dissipation
to a condition where the Q is controlled by the internal
dissipation, the Q will increase.

A measurement of the ratio of capacitances of the
higher-order harmonics indicated that the ratio of ca-
pacitances increases about as the square of the har-
monic order. This is in agreement with theory for in an
odd-harmonic crystal of order n, only 1/nth of the
piezoelectric effect is engaged in driving the crystal at
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its harmonic frequency and the other (n—1)/n parts
annul each other. The clectromechanical coupling
factor is?
/41r(4“'
k= 1120,,'/‘/' . 4)
K

where dae the piczoclectric constant is dae/n, ces is
the shear clastic constant, and K the diclectric con-
stant of the crystal. It follows that the coupling varics
inversely as the harmonic order. The ratio of capaci-

tances r being?
8/1 — k2
™

is approximately proportional to n2
It is a matter of interest to find how the impedance
of a harmonic crystal varies with the harmonic. It has
been shown previously? that the impedance of a piczo-
clectric crystal is given by the expression
V= i
,  —J =k Q1 — &%)
iy = - : (0)
wCo 1 = /22 + j/Q

where Cy is the static capacitance of the crystal, f, the
resonant frequency, and f, the antiresonant frequency.
Also, fi?=f*(1 —k?). Inserting this value and express-
ing the equation in the form of a resistance and re-
actance we find

k2 . o f’ j‘ 1 ]
-— 1 — k.’ — 2 — k'.’ + -
o’ [ R It e

Ze= - (7)

Fig. 6—Harmonic mode of motion.

The reaétance term will have a maximum when

F=f(1-1/Q). At that frequency the impedance of
the crystal will be

W &

| c't W. P I\tlalson. ;An clectror;ldcchanical representation of a piezo-
¢clectne crystal used as a transducer,” Proc. LLR.E., vol. 23, pp.
1252-1264; October, 1935. ’ P
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Hence, in order that the crystal shall exhibit a positive
reactance
k*Q

2
—2—>1 or k*>—- 9)

Q

But the ratio of capacitance is given by (5). Hence, the
condition for the crystal to exhibit a positive reactance
1s

Q>2147r) =2r (10)

If we assume that Q is in the order of 75,000 or less,
which is certainly higher than can be obtained in most
untreated crystals, and a ratio r of 1000 for a funda-
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Fig. 7—Equivalent circuit of Pierce-
type oscillator.

mental AT crystal, the highest-order harmonic that
will show a positive reactance is the S5th harmonic for
an AT-cut crystal.

I11. STANDARD OSCILLATOR CIRCUITS
FOR CRYSTALS

As a consequence of the fact that high-harmonic
crystals will not show a positive reactance, it follows
that the standard oscillator circuits, such as the Pierce
circuit, cannot be used to excite high-harmonic-order
crystals. The only type of oscillator circuit which will
annul the large shunt capacitance of the crystal, which
prevents the crystal from having a positive reactance
near the resonant frequency, is a bridge-type circuit,
as discussed in Section IV. When this reactance is
annulled, however, the resulting circuit reduces to a
circuit similar to the Pierce circuit or to one in which
the phase is reversed by the use of a phase-reversing
transformer, depending on whether the crystal is in the
series or lattice arm of the bridge. Since the stability
of the circuit depends on which connection is used and
can be evaluated from a consideration of the stability
of standard oscillator circuits, it has appeared worth
while to include a discussion of them.

The Pierce-type oscillator circuit consists of a w-net-
work connection of reactances between the plate and
grid of the tube as shown in Fig. 7. Such a circuit is
required to produce a 180-degrec phase shift in order
to offset the 180-degree phase shift produced in the
vacuum tube. The other common connection is to use
a phase-reversing transformer or two tubes in tandem,
so that the network itself is required to produce a zero
phase shift.

If we consider a tube as represented by the circuit
"shown in Fig. 7, following Llewellyn,® the condition for

¢ This condition was first derived by R. A. Sykes,

s F. B. Llewellyn, “Constant frequency oscillators,” Proc.
LR.E., vol. 19, pp. 2063-2094; December, 1931,
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zero gain and zero phase shift are given by
R X Xp +X
i 2 [__] [“+_B_c] (11)
R, Xa+ Xs Xc
and
XaXsX
R,R, = — 2" (12)
Xa+ X+ Xc

where u is the amplification factor of the tube, R, and
R, are the plate and grid resistances of the tube, and
X4, X8, Xc¢ the coupling reactances which incorporate
the distributed capacitances of the tubes. These for-
mulas assume that the tube introduces a phase angle
of 180 degrees. In case two tubes are used in tandem
or the 180-degree phase shift is produced in a unity-
coupled transformer, the sign of u in (11) will be re-
versed. For two tubes, u will have the significance of
the ratio between the voltage applied in the plate cir-
cuit of the last tube to the voltage applied on the grid
of the first tube.

For the first type circuit, 4 will ordinarily be greater
than (X4 Xc¢)/Xc and hence X will have to be of
opposite sign to X 4 and greater in absolute magnitude;
for writing,

X 14+ m
S we have Xp = —(————) Xa. (13)
Xa+ Xs m
Introducing this value into (12), we have

Xa%(1
R,R, = — __“(—+ﬁ2 . (14)
X4
m —
Xc

Since X,4? is positive, the right-hand side of (14) can
only be made positive if X4 is the same sign as X¢ and

mXe > Xa. (15)

These equations show that X, and X¢ must be of
the same sign and opposite to X while the sum of

Xa un
!
!
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Fig. 8—Reactance curves for Pierce-
type oscillator.

X4 and X¢ must be larger in magnitude than Xp. If
(Xp+Xc)/Xc is of opposite sign to u and greater in
magnitude it is readily shown that the resulting con-
dition on X will not satisfy (13) and hence the oscil-
lator will not oscillate under these conditions.

Since we do not know R, and R, explicitly, the fre-
quency cannot be calculated definitely from these
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tquations unless R,, R,, and the distributed capaci-
tances of the tubes are evaluated as functions of the
voltage and current conditions in the tube. Ways for
minimizing the variation with tube and circuit con-
ditions, however, arc evident from (12). If, for cx-
ample, the crystal is connected in the Xy arm, it is

1

4

|
W L[}
® '

Fig. 9—Oscillator using phase-
reversing transformer.

readily shown that the maximum voltage and tuning
stability will occur when the X, arm, which usually
consists of a tuned circuit, is tuned for a frequency
considerably lower than the crystal resonance. Under
these conditions, as shown by Fig. 8, X4 is much
smaller than X g or X¢, the valucof R, is large, and the
frequency is determined nearly by the condition that
Xa+Xp+Xc=0. A change in R,R, causcd by a
change in voltage will produce only a small frequency
change on account of the large value already cxisting
for the product R,R,. The maximum stability for this
type of oscillator circuit occurs for a minimum output,

On the other hand, if we employ a circuit with two
tubes or a phase-reversing transformer, the point of
greatest voltage stability can be made to come at the
highest power output. One such circuit is shown in
Fig. 9(A). For a finite coupling between the two trans-
former windings, the equivalent network of the circuit
is shown in Fig. 9(B). The leakage reactance can be
combined with the crystal reactance if desired, in
which case it will lower the resonant point slightly or
if desired a series capacitance can be inserted to annul
the leakage reactance.

The condition for oscillation for this type of circuit
can be obtained from (11) and (12) by reversing the
sign of u in (11). If we let

Xa
—————=my or Xg= Xi1 = m)/m 16
XA + XB 1 B A( l)/ 1 ( ))

then, in order to oscillate, m; must bhe positive. If m,
is between zero and unity then

my(e — my)
Xa = (my — m)Xc¢ where 0 < my < — - (17)

1 —m

If m, is greater than unity,

— my(u + m
e ) < my <0,

my; — 1

This type of circuit will have great stability when

the crystal is worked near its resonance frequency for
which case X4 is a small quantity A. Then, for this

casc,

K XaX

= w1 RR, = A( -°) (18)
K, 025 0%

If we let X4 and X¢ antiresonate at the crystal reso-
nant frequency fg, the product of A by the antiresonant
impedance will be finite and can be made equal to
RpR,. Under these conditions a large change in R.R,
will not change the frequencey since no phase shift re-
quiring a shift in frequeney will occur. This analysis
docs not take account of the change in diclectric con-
stant with voltage for the tube capacitances entering
the circuit but it has been found experimentally that
this cffect is small and does not alter appreciably the
maximum stability conditions. Even when dissipation
is associated with all of the clements, this relation is
still true as can be demonstrated with reference to
Figs. 10(A) and 10(B).

As shown by (18), the ratio of R,/R,=u—1, which
is the maximum value possible. Henee, the output will
be greatest at the voltage-stabilized point also. Since
R, will be considerably smaller than R, an increase in
output can be obtained by making the ratio of the
transformer output impedance to its input impedance

TR Th
I”_J:ﬁ [ ]] } o |
R
e 1 ]

® J
Fig. 10—Impedances at crystal resonance for phase-
reversing oscillator,

less than unity. For this case the frequency and ampli-
tude equations become

R, X [ 5 Xp+ Xc]
= . v | MO — L

Rv ¢2-\A + X B .\’c

XaXpX
R,,va: R A'?”C“" or (l())
O*Xa+ Xp + X,
Xao®XpX¢
RyR? = — as"AnAc

#Xa+ Xu+ Xe

October
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where ¢*=impedance transformation ratio = M?/ P2,
where M is the mutual inductance of the transformer,

and P the primary inductance. For X5 very small or
for oscillations near the resonant frequency

R -1 Xa0?X
Zr. ety R,R,¢’=( 19 te >A. (20)
X4 + Xc

R, ¢*
Hence, the ratio of R,/R, will be a maximum and con-
sequently the output will be a maximum when ¢=2/u.
If the resistances of the elements, as represented by

Fig. 11—Use of crystal in bridge circuit.

Fig. 10(B), are taken account of this transformation
ratio for maximum output will be less. The stability
with reactance tuning will also be increased by using
a step-down transformer since the impedance of the
crystal will effectively be increased compared to the
impedance of the tuning reactance. Hence, it requires
a larger change in tuning of the plate reactance to cause
a given frequency change in the oscillator.

IV. OscILLATOR CIRCUITS FOR USE WITH
Hicu-FREQUENCY HARMONIC CRYSTALS

Neither of these two standard types of circuits can
be used directly with high-harmonic-type crystals on
account of the fact that the sign of the reactance does
not become positive in the resonance region. They
could be used to control the frequency by using the
crystal as a negative reactance, but in that case it is
difficult to locate the control in the resonance region.
We note, however, on examining the cquivalent circuit
of a crystal shown in Fig. 1, that the rcason the re-
actance does not go positive is that the scries-resonant
arm is shunted by a very large condenser. If this con-
denser could be neutralized, the remaining impedance
arm would consist of a simple tuned circuit which
changes from negative to positive reactance at the
resonant frequency.

In crystal-filter work® it has been shown that the
static capacitance of a crystal can be balanced out by
incorporating the crystal in a lattice network of ca-
pacitances as shown in Fig. 11(A). The drawing shows
two crystals having the same constants but they can
be represented actually by a single crystal with two
sets of plates. By virtue of the network theorem shown
. in Fig. 11(B), the static capacitances of the crystal
together with the balancing condenser Cp can be re-

¢ See W. P. Mason, “Resistance compensated band-pass crystal

filters for unbalanced circuits,” Bell Sys. Tech. Jour., vol. 16,
pp. 423-436: October, 1937.
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moved to the end of the lattice leaving a network of
reactances. In this network the series arms are the
resonance series arms of the equivalent representation
of the crystal, and the shunt arms are the static ca-
pacitance of the crystal.

Suppose now that we incorporate this crystal lattice
in the oscillator network shown in Fig. 12(A). Then as
before we can take out the shunt capacitance of the
crystal and the balancing capacitance to the ends of the
network leaving the circuit shown in Fig. 12(B). As-
suming perfect coupling in the transformer, the shunt
capacitance Cp can be joined to C, to tune the input
coil, and C5 can be joined to C; to tune the output coil.
If we have 180-degree phase reversal in the trans-
former, and tune the two end coils to antiresonance at
the resonant frequency of the crystal, the phase shift
around the feedback path will be 360 degrees and the
oscillator will oscillate at the crystal resonant fre-
quency, which, as discussed in Section III, will result
in the greatest stability at the frequency of maximum
output In case the transformer gives no change in
phase, the crystal has to be put in the lattice arm to
give this condition. In case the coil coupling is not
unity, a small leakage-reactance coil appears. This can
be annulled at the resonant frequency of the crystal by
a small series capacitance. Hence, the resultant re-
actance at the resonant frequency will be the same as
that shown in Fig. 12(B).

The crystal network as shown in Fig. 11 has two
identical crystals or a crystal with two sets of plates.
This is rather objectionable at high radio frequencies,
since it is difficult to divide the plates for very small
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Fig. 12—Unbalanced oscillator incorporating bridge
circuit with balanced crystal.

crystals. Fortunately this is not necessary for we can
show that the crystal lattice with a single crystal shown
in Fig. 13(A) is cquivalent to the balanced lattice with
two crystals. This follows from the network equiva-
lence of Fig. 13(B), which states that the series arm of
the balanced lattice is equal to

B(A +C) + 24C _

et e WL D. (21)
3B 44 AiakC
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The crystal impedance C is given by (6) while 4 and
B are

i gl d,
(‘)CA (‘)Cll

Inserting these values in (21), we find the equiva-
lent impedance D to be given by

A =

(22)

.(l k"-’) l—f Iz(lf._ k;n_.) +()I(l]_klz)
D= (‘{ : — (23)
ow 1— S/ + J
/2I2 ()I
where
(,0,=Co(2(,1 +Cr)+CaCy (24)
Cot+Ca+2Cp
kA, C -
le'z:fzz[l__ ( A B) J;
Co(2C4a+4-Cp)+CaCh
kY CaCp) ]
r=of1- kD __
Co(2C4+Cr)+CuCh
" 2kC(Ca+Cp)? ,

(Co+Ca+2C8) [Co(2Ca +Ci) +CaCu= KCaCr]

N, V‘Z <7
25 2
(a)

Ca
Fig. 13—Equivalence between balanced and
unbalanced lattice networks.

p=BlA+C) +2ac

A+28+C

Hence, the impedance of the D arms js that of a crystal
with somewhat different constants than that for the
original single crystal. If

CoCa = Cyp? (25)
the values in the above cquations become
Co’=CB;
. 2[1 k2C42 ] 0 ()[1 k2C,? ]
Gl R | (CatCa)?
. (26)
, 2k*C4Cp 2k2C4Cy

(Ca+Cg)2—~k*Ca?  (Ca+Cn)?

If C4 is nearly equal to Cy, which will be the ordi-
nary condition of operation, f,2=f.2( —k2/4);
Q'=Q(1 —k2/4); k'2=k2/2.

Since the shunting capacitance of the crystal Cy is
equal to Cp, all of the capacitances Cy can be removed
from the lattice arms to the ends of the circuit leaving
the equivalence shown in Fig. 14, in which the series-
resonant arm representing the crystal impedance has
four times the impedance of the single crystal used in
the lattice. The oscillator shown in Fig. 14 is then
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‘plied are shown in Fig. 15.

October

capable of driving a crystal at a high harmonic and of
being controlled by the resonance characteristic of the
crystal at that harmonic. A 180-degree phase shift is
introduced by the transformer and the resonant cir-
cuits are tuned so that their antiresonant frequencies

Fig. 14—Unbalanced oscillator incorporating
unbalanced crystal bridge.

coincide with the resonant frequency of the crystal. An
alternative arrangement is to use a transformer with no
change of phase and the crystal in a lattice arm. This
is the condition for maximum output and maximum
stabilization against voltage changes as pointed out
previously.
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Fig. 15—Balanced and unbalanced oscillators.

Other circuits for which the same process can be ap-
Some of these circuits are
unbalanced and some balanced. At ultra-high fre-
quencies it is often desirable to use balanced circuits
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and double pentodest such as the 240H have been
developed for this purpose. For such systems it is de-
sirable to use balanced oscillator circuits, and most of
the experimental work recorded here has been done
with the circuits of Fig. 15(C) and Fig. 15(E). Fig.
15(C) is especially advantageous for the crystal and all

CIRCUIT DIAGRAM

~CRYSTAL, X

SECTION A-A

Fig. 16—Crystal bridge.

of the balancing capacitors can be put in one self-
contained structure, as shown in Fig. 16, which can be
enclosed in a metal vacuum-tube holder and evacuated
to eliminate the effects of air damping and humidity on
the crystal and bridge balance. The diclectric em-
ployed is usually fused quartz on account of its low
loss and similar temperature variation of dielectric
constant to that of crystalline quartz. In some cases
series condensers have been placed on each side of the
bridge to control the amount of feedback. The variable
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Fig. 17—Effect of grid tuning on
frequency of oscillator,

tuning condensers are sometimes made with one com-
ponent having a negative temperature coefficient to
compensate for the positive coefficient of the metal
tuning coils. This insures that the oscillator gain will
remain at its maximum value over a wide temperature
range.

V. EXPERIMENTAL RESULTS

In the experimental results obtained, the circuit of
Fig. 15(C), with a self-contained bridge, has usually
been employed since it was desirable to work the
oscillator into a balanced 240H pentode amplifier.

* In order to make the crystal control at high radio fre-
quencies it i8 necessary to employ a circuit with as
much gain as possible at the high frequencies. This
indicates that high-frequency pentodes should be em-
ployed; accordingly, 954 acorn pentodes were used.
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With this arrangement, it was found possible to
drive crystals at harmonics as high as the 23rd and
frequencies as high as 197 megacycles or 1.5 meters
wavelength. Furthermore, by taking the second elec-
trical harmonic of the oscillator, a frequency of 300
megacycles or 1 meter was obtained with good output.
This probably does not represent the upper limit for
by using circuits with more gain the loss inserted by
the crystal circuit can be overcome and the oscillator
be crystal controlled to even higher frequencies.

The adjustment of this oscillator is not difficult. The
crystal bridge is left unbalanced first and the oscillator
will oscillate uncontrolled by the crystal. Its frequency
is determined by the resonance of the coil-condenser
systems on the ends. The frequency is adjusted to a
somewhat lower frequency than that of the desired
mode of the crystal and the coils are tuned for maxi-
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Fig. 18—Effect of grid and plate tuning on
frequency of oscillator.

mum output at this frequency. The crystal bridge con-
denser is then adjusted towards balance and the oscilla-
tions will usually stop. The grid and plate coils are then
tuned to the crystal frequency and the oscillator will
then be controlled only by the crystal.

Some stability curves for such an oscillator were ob-
tained for a frequency of 120 megacycles or 2.4 meters.
The output obtained was 80 volts across the output
impedance of 25,000 ohms when the plate voltage was
250 volts and the screen voltage 100 volts. The fre-
quency variation with grid tuning for one crystal used
is shown in Fig. 17. The grid current obtained is also
plotted on this curve. As can be seen the maximum
variation is in the order of 5 kilocycles from the point
of maximum grid current to the point where oscilla-
tions ceased. The curves for plate tuning are similar to
those for grid tuning. The over-all frequency change
for both plate and grid tuning is shown in Fig. 18. This
over-all change amounts to 10 to 12 kilocycles or about
100 parts in a million. This range represents the con-
trollable range of the crystal and, therefore, the maxi-
mum frequency deviation which would occur for any
possible combination of circuit changes unless the
bridge becomes unbalanced and the circuit oscillates
uncontrolled. Since in the extreme tuning positions the
output is very low, the possibility of operating this far
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off frequency is not great, and the usable range is prob-
ably not over one half this or +0.0025 per cent.
The change in frequency with plate voltage for this
type of circuit is quite small for the maximum output.
The reason for this is pointed out in the section on
standard oscillators. When the circuit is tuncd some-
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Fig. 19—Frequency change as a function
of temperature.

what differently, the variations may amount to 0.0§
to 0.1 cyclc per megacycle per volt.

The temperature-frequency curves for two AT plates
vibrating at their 15th harmonic are shown in F.ig. 19.
The average cocfficient over a 30-degree-centigrade
temperature range was 1.3 parts in 10° per degree centi-

Fig. 20—Photograph of crystal and holder.

grade for one and 0.2 part for another. Five crystals
were tested and all had a cocfficient less than 2 parts
in 10° per degree centigrade. One remarkable feature of
these crystals is brought out by the temperature
curves; that is, no hops in frequency were experienced
in any of the temperature runs. This appears to be due
to the fact that the coupling with harmonics of the low-
frequency modes decreases with decreasing ratio of
thickness to the diameter of the plate. This crystal was
0.21 millimeter in thickness and 12 millimeters in
diameter and operated on the 15th harmonic, hence
the ratio of diameter to effective thickness is 12 to
0.014 or 860 to 1, and the unwanted couplings are
practically zero. Near-by frequencics may still be found
if the plate is not exactly flat but they are of the same
type and have the same temperature coefficient, with
the result that they do not come nearer the desired
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resonance and hence cause little trouble.

It is important for this work to have the crystal of
uniform thickness in order to obtain a large output and
a single response at the desired harmonic frequency.
They are polished and the degree of flatness deter-
mined by interference fringes. A photograph of the
crystal and holder is shown in Fig. 20. In this figure
some interference fringes are obscervable which show
the degree of flatness obtained. It is difficult to extend

Fig. 21—Photograph of crystal escillator
and amplifier.

the flat region out to the cdges since there is a tendency
for the crystal to become convex. For this reason the
diameter of the crystals is made twice that of the elec-
trode area. The holder itsclf has very flat electrodes
and is designed to center the electrodes on the crystal
thus utilizing the most nearly flat portions of the
crystal.

A crystal oscillator of this sort was used in conjunc-
tion with two 240H amplifying pentodes to deliver 12
watts output to the antenna at 120 megacycles.
A photograph of the equipment is shown in Fig. 21.
After 5} hours of continuous running the frequency
had changed about 800 cycles or 7 parts in 108, Day-
to-day checks indicated frequency agreement within
several hundred cycles. Continuous runs indicate that
the frequency variation under ordinary operating con-
ditions should not be more than + 25 parts in a million
or +3 kilocycles at 120 megacycles.
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An Evaluation of Radio-Noise-Meter Performance

in Terms of Listening Experience*
CHARLES M. BURRILLt, MEMBER, LR.E.

Summary—An account is given of listening tests conducted, with
the co-operation of the Joint Co-ordination Commitlee on_ Radio Re-
ception of the Edison Electric Institute, National Electrical Manu-
facturers Association, and Radio Manufacturers Association, for the
purpose of indicating how closely instruments made in accordance
with the latest radio-noise-meler specifications of the Joint Co-ordina-
tion Committec meet the objective of giving readings proportional to
annoyance for all types of radio noise. Thirty people participated in
the tests which involved three types of radio noise and three different
radio-noise meters. Standard statistical methods are used in analyzing
the results, and these methods are explained in simple fashion for the
benefit of radio engineers who are unfamiliar with stalistical science.
The general concluston is that the new radio-noise-meter performance is
very satisfactory.

INTRODUCTION

MAJOR objective of radio-noise-meter design
A is to provide an instrument which will give, for
all kinds of radio noise, indications which are
proportional to the annoyance factor or nuisance
capability of the noise. This annoyance factor must
ultimately be determined by listening experience.
Therefore, the performance of each new design should
be calibrated or-evaluated by means of listening tests,
in which the instrument readings are compared with
the judgments of a jury of listeners as to the vexatious-
ness of the noises measured. The general problems in-
volved in this basic procedure of radio-noise measure-
ment have been discussed at length elsewhere.!? The
principal purpose of the present paper is to describe a
series of tests which were made to evaluate, in terms of
listening experience, the.performance of radio-noise
meters built in accordance with the latest specifica-
tions of the Joint Co-ordination Committee on Radio
Reception of the Edison Electric Institute, National
Electrical Manufacturers Association, and Radio Man-
ufacturers Association.? A further purpose is to ana-
lyze and state the results of these tests in simple, easily
understood terms in conformance with standard statis-
tical practice. The exposition will therefore serve to
illustrate the application of statistical methods to a
radio-engineering problem, and to suggest to radio
engineers relatively unfamiliar with such methods how
they might be more widely used.
The tests to be described were planned and carried
out, with the co-operation of the Joint Co-ordination
* Decimal classification: R270. Originalmanuscri t received by
the Institute, December 10, 1941, Presented, Annuar Convention,
New York, N. Y., January 9, 1941,
t RCA Manufacturing Co., Inc., Camden, N. J.
1 C. J. Franks, “The measurement of radio noise interference,”
RM’ACEn .,Bvol.' S'P;P' 7—10;.Novembcr, 1938. .
. M, Burrill, “Progress in the development of instruments for

rlnge“a‘suring radio noise,” Proc. I.R.E., vol. 29, pp. 433-442; August,

3 “Methods of measuring radio noise, a report of the Joint Co-
ordination Committee on Radio Reception of the Edison Electric
Institute, National Electrical Manufacturers Association, and
Badio Manufacturers Association.” Edison Electric Institute Pub-
lication No. G9, National Electrical Manufacturers Association
Publication No. 107, Radio Manufacturers Association Engineering
Bulletin No. 32; February, 1940,

October, 1942

Committee, by Dudley E. Foster at the RCA License
Laboratory in New York City. Two manufacturers of
radio-noise meters loaned the instruments which were
used. The tests were held on the morning of May 24,
1940, preceding a regular meeting of the Joint Co-
ordination Committee, so that the committee mem
bers and their guests could form the jury of listeners.

Tue Rapio-Noise METERS

Three instruments were used, designated A, B, and
C. A and B were of different manufacture but both
were intended to be in accordance with the Joint Co-
ordination Committee specifications.? C was similar
to A, but incorporated time constants of 1 and 160
milliseconds, such as were being considered for
standardization in Canada, instead of the time con-
stants of 10 and 600 milliseconds adopted by the Joint
Co-ordination Committee.

Tue Rapio-NoOISE SOURCES

The noise from a direct-current commutator-type
motor, that from an electric razor of the vibrator type,
and the clicks from a direct-current relay were chosen
for use as typical of a large percentage of radio noises
encountered in broadcast reception. These noise
sources covered the range from fairly continuous noise
to impulse noise of repetition rates as slow as about

- one per second.

THE PROGRAM SOURCE

The program of one of the National Broadcasting
Company networks, obtained by direct wire from the
studio, was used to modulate a standard-signal gen-
erator, which in turn was used to excite a conventional

STANDARD RADIO
DUMMY
SIGHAL ANTENNA AECEVER
GENERATOR
HOSE NotsE
SOURCE ATT NETER
[alad ouTeyT
|oscroscort oscILLOSCOPE
L’ PROGRAM
souncL

Fig. 1—Block diagram of the apparatus used in the tests.

broadcast receiver through a dummy antenna. The
noise was also applied, through an attenuator, to the
dummy antenna. A block diagram of the arrangement
is shown in Fig. 1. The oscilloscopes were used in
making preliminary adjustments and to indicate to
the listeners, prior to the tests, what the noise wave-
forms were like. They were not used during the actual
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tests. Two different receivers were used, a 13-tube
console model and a 6-tube table model. The program
was taken just as it came: speech, music, announce-
ments, and all.

QuALITY OF RECEPTION

The quality of the program reception, with respect
to noise interference, was rated by each listener in
accordance with the following scale or code devised
by the author some time ago:f

A—Entirely satisfactory

B—Very good, background unobtrusive

C—Fairly satisfactory, background plainly evident

D—Background very evident, but speech easily
understood

E—Specch understandable only with severe con-
centration

F—Speech unintelligible

Intermediate grades were recognized, for example,
B — was considered identical with C+ and half way
between B and C.

This scale is a composite one, intended to be of use
for programs consisting of either speech or music,
whether listened to for entertainment as, for example,
symphonic music, or for intelligence as, for example,
news broadcasts. It is recognized that there is some
loss of precision in using a single scale for all types
of program. However, in the present state of the art
of radio-noise measurement, the refinement of separate
evaluations for different program types does not ap-
pear to be warranted. In using the present scale it is
found that the three highest grades, A, B, and C are
more easily differentiated when grading a musical pro-
gram, while grades D, E, and F are most significant
with respect to speech. Hence, if a given program sam-
ple contains both speech and music, it is readily
graded, whatever its quality may happen to be.

SIGNAL-TO-NOISE RATIOS

The signal-to-noise ratio corresponding to each pro-
gram sample or listening period was obtained before
the period from the radio-noise-meter readings, first
with the program-modulated carrier on and the noise
stopped and then with the noise on but with the car-
rier off. The ratio between these two readings is the
signal-to-noise ratio, which will be expressed in deci-
bels in this paper. It was assumed that both signal and
noise remained at constant levels between the time of
measurement and the listening period. The noise
sources were so chosen as to justify this assumption
with respect to them. The program level was sensibly
constant, as is usual with the type of program ord;i-
narily broadcast in the morning hours. Signal-to-noise
ratios were determined for each program sample with
each of the three radio-noise meters,

¢ C. M. Burrill, discussion of paper by C. V. Aggers, D. E.

Foster, and C. S. Young, “Instruments and methods o measuring
radio noise,” Elec. Eng., vol. 59, pp. 178-192; March, 1940,
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Each of thirty observers, most of them untrained
in listening tests, graded the “quality of reception” of
twenty-four listening periods, comprising four dif-
ferent signal-to-noise ratios with three different kinds
of noise, reproduced on two different recejvers. The
various signal-to-noise-ratio values were presented in
random order, and the observers were not informed
of these values until after the completion of all the
grading. Table I gives the order of the test periods,
together with the corresponding signal-to-noise-ratio
values as determined with cach of the three radio-
nois¢' meters.

TABLE 1

| Noise-Meter Signal-to-Noige
et Noise Receiver Ratio—Decijbels
€8 Source Type —_— — ——e

! A | B C
1A Commutator Console 28.9 28.5 33.2
1B Commutator Console 19.2 19.7 25.0
1C Commutator Console 45.8 45.4 50.1
1D Commutator Console 54.8 54.4 59.1
2A Razor Console 40.6 | 40.6 50.1
2B Razor Console 14.6 12.6 19.2
2C Razor Console 48.6 48.6 58.1
2D Razor Console 22.9 21.2 29.3
3A Relay Console 34.5 36.1 46.6
3B Relay Console 42.5 44.1 54.6
3C Relay Console 19.2 18.1 28.5
3D Relay Console 12.0 10.1 22.1
4A Commutator Table 28.9 28.5 33.2
4B Commutator Table 45.8 45.4 50.1
4C ommutator Table 54.8 54.4 59.1
4D Commutator Table 19.2 19.7 25.0
SA Razor Table 40.6 40.6 50.1
SB Razor Table 22.9 21.2 29.3
sC Razor Table 14.6 | 12.6 19.2
sD Razor Table 48.6 48.6 58.1
6A Relay Table 12.0 10.1 22.1
6B Relay Table 19.2 18.1 28.5
6C Relay Table 315 361 | 166
6D Relay Table 42’5 441 | s46

THE JUDGMENTS oF THE LISTENERS

When comparisons were made of the grades given
to reception with the two different receivers, for the
same type of noise and the same signal-to-noise ratio,
no signicant differences were noted. Therefore, the
data for each pair of tests with the two receivers were
combined to give a total of sixty grades for each test
condition.

The results for one typical test condition are shown
in the form of a bar diagram in Fig. 2. Such a diagram
is one way of representing what the statistician calls
a frequency distribution. It indicates that a group of
entities, in the present case, listeners, has been clas-
sified with respect to some specified attribute, in the
present case, the grade which each gave to a particular
program sample, and gives the number of the entities
falling in each class. This number per class is called
the frequency, indicated more specifically here as
“frequency of occurrence” to distinguish it from the
frequency of an alternating current.

The frequency distribution represents a consider-
able condensation of data, since no indication is given
as to which entity falls in which class. Ordinarily this
represents no loss of useful information, and is a great
convenience. Thus, in the present instance we are not
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interested in the grades given by the individual listener,
but rather in the grades of the group as a whole.

Statisticians have found that nearly all frequency
distributions may be grouped into a few basic types.
One of the simplest of these types is so often en-
countered that it has been called the normal frequency
distribution. As we shall see, the data plotted in Fig.
2 may be adjusted to yield a distribution of this type.
The data represented by a frequency distribution may
be condensed further by calculating, in a manner de-
pending on the type of distribution, certain parameters
and using these to characterize or represent the distri-
bution itself. Two kinds of such parameters, applicable
to most types of frequency distribution, are those in-
dicating “central tendency” and those indicating “dis-
persion.” In the language of our present example, we
may represent the data for each listening test by two
quantities which answer the questions, what is the
convergent trend of opinion, and how much do opin-
ions differ?

It is easy to see that the opinions trend toward about
D+ for the test to which Fig. 2 applies, but the statis-
tician requires a more precise determination of the
trend or central tendency. From the number of statis-
tical quantities useful in indicating the central tend-
ency of such data we shall choose the simplest and the
one most used—the arithmetic mean. For this purpose
we must assign, somewhat arbitrarily, numerical
values to the classes or grades. The data can then be
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Fig. 2—The listeners’ judgments for a typical test summarized in
the form of a bar diagram. Noise meters A and B, commutator
noise, signal-to-noise ratio=28.7 decibels,

plotted to a continuous abscissa scale, as in Fig. 3,

using the following equivalents:

F F+ E E+ D D+ C C+ B B+ A
0.0 0.5 1.0 1.5 20 2,5 3.0 3.5 4.0 4.5 5.0

The arithmetic mean of all the grades may now be
computed and expressed on this scale. It is found, for
the data represented by Fig. 3, to be 2.51 or very

nearly D+ as was to be expected.

The most commonly used statistical measure of dis-
persion, that is, the scattering of the data, is the
standard deviation, or the root-mcan-square devia-
tion from the arithmetic mean. This is computed by
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summing the squares of the deviations of each grade
from the average grade and extracting the square root
of the sum. The standard deviation of the data repre-
sented by Fig. 3 is 0.566 or about half a grade.

i
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° 2 [4
QUAUTY OF RECEPTION

Fig. 3—The data of Fig. 2 expressed in the form of
a frequency-distribution curve.

Suppose we fit a smooth curve to the points plotted
on Fig. 3. Such a curve is called a frequency-distribu-
tion curve or simply a frequency curve. It must be
noted that this is not at all what a radio engineer usu-
ally means by a frequency curve. Obviously many dif-
ferent curves could be drawn through the rather
scattered points of Fig. 3. A freehand fitting would
be a strain on the judgment. So we show in the figure
a particular type of curve, called the normal-distribu-
tion curve, having the same arithmetic mean and
standard deviation as we computed from our data.
This curve corresponds to the equation

”
- V2r-a

where x=quality of reception

e (=—z0)%/20*

y

y =frequency of occurrence
n =60 =the total number of observations
xo=2.51 =arithmetic mean of the obsecrva-

tions
o =0.566 =the standard deviation of the ob-
servations

It is noted that this theoretical distribution curve
fits the observational data fairly well except for the
point at quality =2.5. The fit is close if a plausible
modification is made in the data. It is evident that the
listeners tended to favor the even grades A, B, C, etc,,
over the intermediate grades B4, C+, etc. Out of a
total of 720 grades for all the tests, less than 11 per cent
were intermediate grades, whereas if the listeners were
not discriminating against intermediate grades one
would expect about 50 per cent. It we divide up the
intermediate-grade judgments between the two ad-
joining even grades, in proportion to the numbers of
judgments for those adjacent grades, we obtain the
following modified frequency tabulation:

Grade E D (o B
Modified Ohserved Frequency 1.09 27.66 30.21 1.04
Theoretical Frequency 1.23 28.2 29.0 1.33
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TABLE 11
I Quality of Reception , Correhtlon
Noise Source | Nolse Meter |Signal-to-Noise | o | ‘ SURITER | OGS Standard | Coefficient
Ratlo, Decibels | Arithmetic | Standard Errade efiliinear
| Mean | Deviation |  Single Mean of 60 | | b Eitimate Correlation
| | | Observation | Observations e
Direct-Current T e 1.742 0.511 0.347 0.0445 {
Commutator | A& B ‘ 28.7 | 2.508 | 0.506 0.385 0.0497 ’ 0.154 | 0.0826 0.612 0.882
Motor 45.6 | 4.025 0.602 | 0.409 0.0524 ,
| | 54.6 | 4.502 0.725 | 0.493 0.0631
i T T e 0.842 0.566 0.382 0.0493 '
Razor A&B 22.0 1950 | 0472 0.318 0.0411 —0.259 0.0%0 0.648 0.889
40.6 3167 | 0667 0.450 0.0581
| 48.6 4.233 | 0.735 0.496 0.0640
[ 11.0 0.542 0.519 | 0.350 0.0452
Relay A&B ‘ 18.6 1.683 0.533 0.360 | 0.0464 —~0.3599 0.09625 0.590 0.903
35.3 2.892 | 0.611 0.412 0.0532 ‘
43.3 3.858 0.608 | 0.410 0.0529
25.0 [ 1 |
Direct-Current | C | 33.2 Same as —-0.328 0.0847 0.611 0.881
Commutator | 50.1 , ’
Motor | 59.1 [
19.2 | {
Razor C 29.3 for Meters —0.615 0.0807 0.646 0.890
0.1
‘ $8.1 l [
[ 221 ‘ | f
Relay | C 38.5 | Aand B I —1.308 0.0938 0.508 ‘ 0.929
6.6
| s4l6 |
i . — e I . S N S
Averages | f | ©0.593 | o.401 ] - | 0.08796 00.6025 | 0.896

The closeness of this fit of our data to the theoreti-
cal rormal-distribution curve permits and encourages
us to make certain assumptions from which’ useful
cenclusions can be drawn. Thus we postulate a statisti-
cal population of all or a very large number of people
like those who participated as listeners in our tests,
and we suppose our listeners to comprise a fair sample
selected at random from this population. We further
assume that if the judgments of this entire population
regarding a given radio-program sample could be
tabulated they would turn out to be normally dis-
tributed, that is, distributed 1n accordance with the
normal-distribution curve. It is also assumed that the
arithmetic mean of the judgments of our sample
group of listeners would coincide with the arithmetic
mean of the judgments of the entire population.

Now, under these assumptions, we can estimate
from our data the standard deviation of the entire
population, in accordance with the formula

n 60
5= ‘o= - X 0.566 = 0.571.
n—1 59

From this value the probable error of a single judg-
ment, and the probable error of the mean of a sample
of # judgments, in each case selected at random from
the population, can be calculated. Thus

Rrobable error of a _ 0.6745s = 0.6745 1/
single observation
= (.385.

probable error of mean _ 0.6745 5 = 0.6745
of n observations Vn
= 0.0497.

The interpretation of these values is as follows:

(1) The odds are even (probability 0.5) that the
judgment of a single listener chosen at random, re-
garding the particular program sample we have been

J—
”n
o,
n—1
g

vn—1

considering, would fall within + 0.385 of a grade of the
arithmetic mean obtained in our test.

(2) The odds are even that the arithmetic mean of
the sixty judgments obtained from a second similar
group of listeners chosen at random would fall within
+0.0497 of a grade of the arithmetic mean obtained
in our test,

In Table II are given the results of the grading for
cach of the four noise levels and for each of the three
types of noise. The arithmetic mean of the grades, the
probable error of this mcan, and the probable error
of a single grade are tabulated. It is indicated that
very satisfactory reliance can be placed on these data.

Tue CORRELATION OF THE RADIO-NOISE-
METER INDICATIONS
In referring to Table I it is noted that the indications
of radio-noisc meters A and B were very nearly alike.
Therefore the readings of these two instruments were
averaged for use in the subsequent analysis.
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Fig. 4—Quality of reception as a function of signal-to-noise ratio,

fortcommutator-motor noise and for two types of radio-noise
meter,
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Fig. 4 shows a plot of the quality of reception deter-
mined by the arithmetic mean of the listeners’ judg-
ments, as a function of the signal-to-noise ratio in
decibels indicated by the radio-noise meters. It repre-
sents the tests with direct-current commutator-motor
noise; similar plots for the other tests are shown in
Figs. 5 and 6. It is evident that the observed points
shown in Fig. 4 can be represented very well by two
straight lines, one for each type of radio-noise meter.
Usually such straight lines would be drawn in simply
by inspection. However, in the present instance we
wish to determine a numierical measure of how well
these lines represent the data, and so we must be care-
ful to obtain the “best” fit. This is obtained by the
method of least squares, by whic¢h the sum of the
squares of the deviations of the observational points
from the line is made a minimum. The lines shown
in the figure, which were obtained in this way, would
be called by statisticians linear regression lines; the
coefficients a and b in their algebraic expression, the
regression equation y=a+bx would be called regres-
sion coefficients.

The usual measure of how well a regression line fits
the data is the “standard error of prediction.” It is
equal to the square root of the sum of the squares of
the deviations of all the values of the dependent vari-
able—“quality of reception” in the present case—as
predicted by the regression equation, from the cor-
responding observed values. This quantity ¢, which
is made a minimum by the use of the method of least
squares in determining the regression equation, is a
measure of the error to be expected in estimating a
value of y from the corresponding value of x and the
regression equation.

Without any knowledge of x, the best estimate one
could make of a particular value of y would be the
arithmetic mean of all the y values, and the error to
be expected would be measured by the square root
of the sum of the squares of the deviations of all of the
y values from this mean. This latter quantity is called
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Fig. 5—0Quality of reception as a function of signal-to-noise ratio as
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Fig. 6—Quality of reception as a function of sfgnal-to-noise ratio as
read by radio-noise meter C, for three different kinds of noise.

the standard deviation of the ¥'s or ¢,. Then the ratio
¢,/o, indicates how much a knowledge of the cor-
responding value of x reduces the error to be expected
in predicting a particular value of y. The error is re-
duced only if x and y are correlated. The usual
measure of this correlation is the coefficient of linear
correlation 7, given by

r = 1= (0./0,)%

The values of the regression coefficients, the stand-
ard errors of estimate, and the coefficients of linear
correlation, for the case chosen for illustration—that
of direct-current commutator-motor noise—are e€x-
hibited in Fig. 4, along with plots of the mean judg-
ments and the regression equations. The values of
these parameters for all the cases are listed in Table II.

COMPARISON OF THE RADIO-NOISE METERS

The two types of radio-noise meter may be com-
pared in two ways using the foregoing data. First, it
is observed by comparing the standard errors of esti-
mate given in Table II that the data for radio-noise
meter C are fitted by linear regression curves a trifle
more closely than are the data for radio-noise meters
A and B. Second, the regression lines pertaining to
radio-noise meters A and B are more nearly the same
for all three types of noise than are those for radio-
noise meter C. This is noted by comparing the values
of signal-to-noise ratio corresponding to the different
grades of quality of reception calculated from the re-
gression equations. These values are given in Table I1I,
and indicate an average range of variation for the dif-
ferent types of noise of 3.2 decibels for radio-noise
meters A and B and 7.8 decibels for radio-noise meter
C.

The comparison may be made graphically by means
of Figs. 5 and 6, which show, respectively, the three
regression lines for radio-noise meters A and B and
for radio-noise meter C. These figures give what are
in effect radio-noise-meter calibration curves, there
being a separate curve for each type of noise mcter
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and kind of noise. For an ideal noisc meter, one curve
should suffice for all types of noise. The average sepa-
ration of the curves for radio-noise meters A and B
within the range covered by the tests, as shown in Fig.
S, is 2.9 decibelst in signal-to-noise ratio, or 0.23
grade® in quality of reception. The corresponding
values for radio-noise mecter C, as shown in Fig. 6,
are 7.7 decibelst or 0.68 grade.® These values may be
called the noise-meter correlation errors, since they
are indications of the degree of failure of the instru-
ment readings to indicate quality of reception inde-
pendently of the kind of noise.

TABLE 11l
ggl;tyi:rf | Signal-to-Noise Ratio in Decibels
[ Noise Meters A and B | Noise Meter C
Grad Numler-
rade| ical 5 | .
le C?;?‘?,m Razor | Relay [Range (‘:)::‘r;;u Razor | Relay | Range
A | s | s8o |s8s|ss.9 27| 629 oo 67.5 | 6.7
B 4 46.6 47.4 | 45.4 2.0 51.1 57.2 | 56.8 6.1
?-*“3 - 34.4 36.2 | 35.0 1.8 39.3 44.8  46.1 6.8
D ‘ 2 22.3 25.1 | 24.6 2.8 27.5 32.4 | 35.4 7.9
VE‘. ']‘ 10.2 14.0 | 14.2 4.0 15.7 | 20.0 | 24.6 8.9
F [} —1.8 2.9 ] 3.8 5.6 3.9 | 7.6 | 14.0 | 10.1
Average Range | |
Decibels 3.2 7.8

SIGNIFICANCE OF THE OBSERVED
CORRELATION ERRORS

It would be difficult for a listener to detect a 2.9-
decibel change in level of a broadcast program, unless
the change were made very suddenly. It is reasonable
to expect that a 2.9-decibel change in signal-to-noise
ratio would be at least as hard to detcct.

Since the fundamental determination of quality of
reception is by the judgment of listeners, the noise-
meter correlation errors should be compared with the
errors to be expected in the basic subjective, or listen-
ing method. Now the average, for the twelve test con-
ditions, of the standard deviation of the listeners’ judg-
ments, was 0.593 grade (see Table I1). This corre-
sponds to a probable error, for the judgment of a single
listener, of +0.40 grade, or a spread of 0.80 grade.
Since this value is more than three times the correla-
tion crror of noise meters A and B, it may be said
with assurance that these instruments are more reli-
able than the judgment of a single listener. In fact,
it may be calculated on the same basis that radio-

* These values were obtained by finding the area bounded by
the extreme calibration curves of the group and abscissas corre-
sponding to quality grades A and F (0.0 to 5.0). They are therefore
slightly different from the similar values given in Table 11, which
were obtained by averaging the separations at the five even grades
A, B, C, D, and E.

¢ Obtained by finding the area bounded by the extreme calibra.
tion curves of the group and the ordinates corresponding to signal-
to-noise ratios of 10 and 60 decibels,
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noise meters A and B are equivalent in accuracy to a
jury of twelve listeners. On the same basis, noise meter
C is a little more accurate than the judgment of a
single listener,

CoNcCLUSIONS

The scale of grades A, B, C, ctc., used for the sub-
jective determination of quality of reception is shown
to be very satisfactory from the statistical point of
view,

Radio-noise meters of cither of the two types tested
may be used to indicate quality of reception on this
scale with reasonable accuracy, with linear calibration
curves (regression lines) which do not vary greatly
for different types of noise. Radio-noisc meters A and
B, embodying the time constants adopted by Joint
Co-ordination Committee, had son:ewhat smaller cor-
relation errors than radio-noise meter € employing
the modification of these time constants under con-
sideration in Canada. Al three of these instruments
are believed to give indications proportional to quality
of reception much more uniformly for different noise
waveforms than any instrument previously available,
although comprehensive tests corresponding to those
here reported have not been carried out for other
instruments.

Finally, the adequacy of the Joint Co-ordination
Committee specification is indicated by the satis-
factory uniformity of performance, in these tests, of
radio-noise meters A and B, built to conform to it
by difierent manufacturers. The validity of this con-
clusion when noise waveforms of the types used in
the present tests are concerned has not been chal-
lenged, but subsequent investigations have indicated
that the Joint Co-ordination Committee specification
is not entirely adequate when noise waveforms con-
sisting of widely scparated sharp peaks are involved.
In the latter case the transient characteristics of the
automatic-volume-control circuit play a dominant
role in determining the instrument response, and it
therefore appears that these characteristics should bhe
more definitely specified. This matter has been further
discussed by the author clsewhere.?
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A Symposium On

RADIO IN THE

Rarely does the radio field, speaking as an
integrated community, clearly and inspiringly
express its aims and accomplishments. At the
June, 1942, Convention of the Institute of Radio
Engineers at Cleveland, Ohio, our membership
listened as the responsible leaders of opinion in the
major divisions of radio contributed to a construc-
tive and unified discussion. The Presidents of our
engineering fraternity, The Institute of Radio
Engineers; of the grouped constructors of equip-
ment, the Radio Manufacturers Association; and

War Contributions of

WAR EFFORT

of the affiliated broadcasters, the National Asso- l
ciation of Broadcasters; conclusively proved on
that occasion that, beneath the dust and turmoil l
of our daily activities and relationships, rests a ‘
solid foundation of common interests and mutual
respect. It is fortunate that their thoughts were
expressed, since the words of such speakers may
well lead to closer understanding and greater co-
operative effort between all portions of the radio
field in the years to come.
The Editor |

Radio Manufacturing”

PAUL V. GALVIN{, NONMEMBER, LR.E.

AM indeed delighted in having this opportunity
}[ to be with you this afternoon and participate in
this Panel covering radio’s efforts in the war.
From my observation of those on the Pancl, the
broadcast phase of
radio is very well rep-
resented. Therefore, |
shall confine my re-
marks to the manu-
facturing and appara-
tus phase. In my
reference to engineers,
I refer particularly to
design and develop-
ment engineers. In
passing, I only wish
to state in regard to

broadcast that the
manufacturers  are
very conscious of

their responsibility in
keeping the radio sets
in the hands of the
American public in a
satisfactory state of

repair and in opera- Neville Miller,
tion. We are con- tion.
stantly concerned

with the matter of maintenance and replacement parts.
Our Association maintains an active committee on this

* Decimal classification: RS60X R700. Original manuscript re-
ceived by the Institute, June 29, 1942.
t President, Radio Manufacturers

Association, Washington,
D.C.

October, 1942

THE THREE PRESIDENTS

National Association of Broadcasters; Arthur Van Dyck, Insti-
tute of Radio Engineers, and Paul V. Galvin, Radio Manufacturers Associa-
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subject. We are even investigating the future prospects
of utilizing Boy Scouts for the necessary servicing of the
radio sets in the hands of the public, when the service
organization as we know it has completely gone to war.

The radio manu-
facturing industry was
in the vanguard of
those industries who
recognized their re-
sponsibility in the
Defense Program as
launched in the sum-
mer of 1940 by Presi-
dent Roosevelt. We
took this as the initial
opening phase and
chartered a course of
industry in the prepa-
ration for war. Im-
mediately following
the launching of the
Defense Program in
1940, discussions took
place in group meet-
ings of the Radio
Manufacturers Asso-
ciation searching for
the most intelligent
approach for industry guidance in the defense
effort. Up to this time the radio industry—like all
America—was primarily concerned with their peace-
time pursuits. A few large companies were making
some radio apparatus for war purposes.
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Limited allocation of funds to our Army and Navy
forthe purpose of radiocquipmentdevelopmentseverely
limited the activity of the Army and Navy on radio
engineering and production prior to the summer of
1940. With the invasion of the lowlands in France in
May and June of 1940, the importance of radio and
the part it was to play in modern warfare became very
apparent. The precise co-ordination of all of the service
arms of the German Army was accomplished by the
effective use of radio. ‘

When wartime radio problems hit the industry in
the summer.of 1940, we found them in a highly
amorphous state. The engineering, manufacturing, and
procurement of radio apparatus needed further pre-
scription of the broad problems we were to tackle.

In World War I, we had no radio industry as we
know it today. This is the first entry of radio as an
industry in a war. True, radio was used in World War |
but not in the sense nor to the extent we know it today.
The Navy did depend on wireless but aside from that,
radio was a minor factor in the last war. Today radio
is used as communication by all of the service arms.
Today each tank contains an average of $5000 worth
of radio equipment. A single heavy bomber carrigs on
the average of some $50,000 worth of the most com-
plete and delicate devices. The protection of ships,
troops, and even our homeland is now very much in-
volved in the use of radio. Radio also enters very
materially into the all important “war of nerves.”
The backbone of enemy spy activity is radio. Radio
also plays a very important part in maintenance of
public morale.

By September, 1940, it became apparent to the
radio industry that it had a big task to perform in the
Defense Program. The magnitude of the job was
emphasized by the projection of a radio apparatus
program amounting in excess of one billion dollars.
Up to this time a half-dozen companies were making
the few millions of dollars worth of apparatus the
Army and Navy bought.

Gradually the problems began to spread through the
industry. It was impossible to show results over night.
People had to become adjusted. Organizations had to
become adjusted. Engineering departments of the
radio industry had to become adjusted. Research and
procurement divisions of the Army and Navy cx-
panded. The engineering activity as a whole from a
military standpoint had to take on a new and increased
tempo. The efforts of management of the radio in-
dustry started channeling into its new defense grooves.

While this was going on during 1941 civilian pro-
duction continued—and some, unfamiliar with the
whole problem, advocated disruption of the civilian
production organizations. But the industry leaders as
well as the Army and Navy and War Production

Board officials knew that the industry production
organizations must be kept intact as going concerns
until the engineering and procurement problems of this
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whole, new vast program shook down to a state where
they were in shape to go into production on a scale
to utilize the production facilities of the industry. A
vindication of this policy was contained in the recent
report of the Senate investigation of the WPB. This
Committee investigated the activities and reported on
the industry. At the conclusion of the report the Senate
Committee made a statement to the effect that in view
of the facts presented, criticisms in regard to the radio
industry were not well founded.

That war is destructive is axiomatic. The purpose of
war is the destruction of enough of the assets, human
and material, of the enemy to force him to give up the
struggle. But war destroys not only lives and property.
War causes a great alteration of ideas and habits—
peacetime ideas and habits change to wartime ideas
and habits. For the very best war effort we must be-
come war minded. This means, not just idly thinking
of the war or wondering who's going to win and when
the war will end. We must marshal real fighting ideas
and turn our works and our habits of working into the
groove that will best aid in our country winning the
war. Those who have not negotiated this mental
bottleneck as yet haven't made the proper adjust-
ment to where they can make their very best war effort.

Engincers too often are inclined to view their job
narrowly. The engincer too often prefers to resolve
his problem within well-defined limits and within a
field whose structure is clearly defined. The engineer is
too prone to want plenty of time to conclude a project
with finality in the prescribed fashion—that's out,
positively, for the duration of this war. Your problems
will never be finished. You will be called upon con-
stantly to explore new horizons in the radio and elec-
tronics field. You will be called upon for better and
quicker answers. Courageous enterprise on the part of
the engineer will be a major contribution to our win-
ning the war. I might go so far as to say that without
courageous enterprise on the part of our engineers, we
might lose the war. We must have new and better
models of everything, planes, tanks, boats, guns, and
radio equipment. If we don't, our smart cnemy will
have better equipment and apparatus and we will be
outclassed.

You are being called upon and will continue to be
called upon throughout this entire war to strain to the
breaking point for the deliverance of energy, effort,
and brains, the like of which you have never done be-
fore. You may have thought you were very busy many
times before, but this war effort calls for a personal
and social readjustment and sacrifice of all engineers
to where they must give complete devotion tena-
ciously to their task. The engineers are being relied
upon to come up with intelligent answers which the
manufacturers can put into production in a hurry,
and thus put into the hands of the Army and Navy
large quantities of material for greater and more effec-
tive striking power.
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In the war effort, radio engineers have to be ready
and willing at all times to tackle the problem of sub-
stitution of materials when it comes up, regardless of
how annoying it may be. It is part of the game. One
way to keep clear of the critical material problem as
best you can is to design away from it. And in your
design activity I caution you to watch this critical
material problem very carefully. It will save you, your
manufacturer, and the Army and Navy many head-
aches. The mechanical engineer and the electrical
engineer in this effort, more than ever before, must
have a greater spirit of co-operation, one unto the
other, in quickly working out design problems. The
design engineer should be more conscious of the manu-
facturing and tooling problems. These can be serious
bottlenecks in getting apparatus through the plant in
quantities, and on time.

Today the radio development and design engineer
has to be more cognizant of the other fellow’s prob-
lems than ever before. The effectiveness of our industry
war effort depends upon the proper integration of all
of our efforts—and these efforts can be so much more
fruitful all along the line when broad thinking is ap-
plied to the development and design of the apparatus
when it is still in the hands of the engineer.

Radio men are up against some clever engineers in
the radio and electronics field in both Germany and
Japan. An examination of the technical literature will
show you that—and the Nazis have turned out appa-
ratus which will command your attention and chal-
lenge. I wonder sometimes, if you men thoroughly
realize the importance radio is destined to play in the

winning of this war. The whole pattern of war tactics

and strategy has been altered by the use of radio com-
munication and radio direction finders. The co-ordina-
tion of land, air, and sea forces is accomplished by
radio. Protection from the enemy and firing accuracy
is accomplished by Radar. It has been said that in the
aerial battle for Britain in the fall of 1940 radio direc-
tion finding apparatus which we, in this country, call
Radar, was a prime contributing factor of the Royal
Air Force's maintaining superiority in the air over the
Nazis with a much smaller aggregation of flying equip-
ment. You are alive, | am sure, to your war effort re-
sponsibilities but I implore you to do more. You must
do more. We all must do more if we are to win this war.

The management group as a whole in whose hands
the war production effort of this radio industry has
been entrusted, are fully conscious of their very serious
responsibility in this program. They have stripped
their plants for necessary action and are producing
apparatus in huge quantities. They realize they will
be continuously pressed to do more and better. They
are just now feeling the acceleration from their early
efforts. They are prepared and will meet the require-
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ments and beat schedules. I am fully confident the
radio industry will come through for the Army and
Navy on every score. It is a big order, I know, when
we realize the magnitude of this vast radio and Radar
program. But the radio manufacturers are used to
“licking” big problems; they know their problems in
this war effort and they will be solved. To you radio
engineers who are “in the groove” and making your
grand contribution to this great effort toward our
winning the war, “Hat’s off to you and keep up the
good work”—and that, I am glad to say, goes for
most of you. To you few who are not yet “in the
groove,” giving your very best and your all in this
war effort—I say, “break that old mental bottleneck
—dust off the cobwebs and get in there with some
good intelligent licks.” Your brainstorm may be the
“rabbit out of the hat” that will make a most valuable
contribution to this effort.

Industry, by its deeds in the war effort, is standing
the business “baiter” back on his heels. The critics of
reputable business seem to have had a “field day” be-
fore the war. Today their demagoguery is being an-
swered by action. The production job being done by
industry in this war effort is a vindication of the
private-enterprise system. The public is, and will
continue to be, very much impressed with the job
industry is doing. These accomplishments of assembly,
process, and method are all basically engineering. Let's
be sure when these accomplishments are recorded in
history, that the radio industry can proudly look back
on its record.

Yesterday morning [ received a communication
from James S. Knowlson, Director of the Division of
Industry Operations of the War Production Board in
Washington, D. C. In that communication the follow-
ing paragraph is of specific interest to the radio eng-
ineers:

“Of course the radio industry has a tremendous job
ahead and probably a good deal of grief because the
art changes so rapidly it is hard to keep up with the
requirements. Certainly, if necessity is the mother of
invention, we are going to sce a lot of new things in
the radio and Radar developments, and I imagine that
when we go back to television we are going to find that
most of the standards that have been made are obso-
lete. In the meantime, war production is the big thing,
and as you say, it looks like quite a job.”

Work hard during the war; your fun is coming
after the war is over. With all the new materials, new
tubes, and new ideas developed during the war you
are going to have a picnic shaping them into play-
things for commercial 'and civilian application. There
will be no “status quo ante bellum” for the radio
engineer.




What Radio Broadcasting Means in the War Effort®

NEVILLE MILLER}, NONMEMBER, LR.E.

impulses arec humane and charitable, We have

: the inborn determination which is necessary to
make good warriors when forced to fight but with it
all have a spirit of fairness which was evidenced by
our treatment of the eight saboteurs recently caught
red handed who were planning to kill and destroy. |
mentioned this because what radio means today in the
war effort must be interpreted in the light of our back-
ground—must be interpreted as radio developed dur-
ing times of peace, and not developed to be used as a
war instrument. Let us look back briefly at the
twenty years between the two wars, years of disarma-
ment conferences when men were trying to get away
from war. The Army and Navy undoubtedly were
making such plans as they could against obstacles, Our
gold was moved to Fort Knox amid the cheers and
jeers of our comedians.

I remember visiting Fort Knox in company with a
Congressional Committee in 1936 and secing, at that
time, the entire tank force of our Army. Considering
the importance which tanks now play in warfare, it
is hard to realize that cven six years ago the Army
had difficulty in securing funds for experimental tanks
from a reluctant Congress which was reflecting the
wishes of a reluctant people.

What is the history of radio? We were granted the
right by the government to use a few wavelengths.
There was no government money provided for develop-
ment; no appropriations, such as road appropriations
or harbor appropriations; no subsidies by mail con-
tracts and no sccond-class postal privileges. All that
we asked was to be let alone and during the last
twenty years, thanks to your engineering ability and
to the salesmen and program builders and to Mr. Gal-
vin's associates and Mr. Jett's associates we built high-

* Decimal classification: R560. Original manuscript received
by the Institute, August 24, 1942,
1 President, National Association of Broadcasters, Washington,

D.C

SMERICA is not a warlike nation. Our natural

ways into the homes of the American people. Today
there are 56,000,000 scets in 85 per cent of the homes
and the American people listen to the radio.

Then war came and overnight radio was able to
deliver to the government without cost the greatest
means of mass communication the world has ever seen.
No tooling-up period was needed, no appropriation
bills were passed through Congress. It was all done so
rapidty and so quietly that it was taken for granted.

There are no four-minute speakers today as there
were in the last war. There are no trains taking groups
around the country to campaign. All that today is
being done by radio. There are just as many cam-
paigns—maybe more—campaigns of recruiting, for the
sale or war bonds, salvage, rubber, and all the others
with which you are so familiar, But the burden of all
these campaigns is being borne cheerfully and success-
fully by radio.

We face many problems in a difficult age but our
greatest problem is not engineering, not the procure-
ment of equipment, not the sccuring of business, not
Mr. Petrillo—our greatest problem is keeping our
social developments abreast of our engincering de-
velopment. I have every confidence that the engincer -
ing skill of America will solve all of our engineering
problems, but we must realize that unless our social
development is kept abreast of the engincering de-
velopment, the net result may be disastrous.

The history of America is the story of a great nation.
However, we have been extravagant. We have wasted
our forests, our public lands, our oil. Today we have
reccived an asset in radio equal to all of our natural
asscts. You and 1 were not parties to what has hap-
pened in the past but you and I are going to have a
part in writing the chapter of the future. Let us avoid
the past mistakes; let us conserve our assets. Let us
sce that radio is used to make America’s future a bril-
liant future. It is a grand chapter and let us be proud
of the way we write it.

Radio Engineering in the War Effort*

ARTHUR VAN DYCK}, FELLOW, LR.E.

OST analysts agrce that the most important
element in this war is aviation, that next most
important is ordnance, and in third place is

radio. Each of these elements has shared in the gencral

* Decimal classification: R560. Original manuscript received

by the Institute, September 9, 1Q42. .
t President, Institute of Radio Engineers, New York, N. Y.
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and rapid advance in technology of recent years. As a
result each has developed rapidly in capability, com-
plexity, and degree of effect on the practice of war.
Just how rapid and how great that development has
been is clearly seen by comparing their present capabil-
ities with those of World War 1. Aviation and radio
are similar in that both had their introduction to war
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in World War I, and then revealed clearly their
enormous potentialities.

We are concerned here with radio only, and will
find it interesting and helpful to compare its uses in
World War I with those of today. To those now under
forty years of age, and who, therefore, were under
fifteen years of age when we entered World War I, the
radio conditions of that time are unknown by per-
sonal experience, and must scem antediluvian. There
was no broadcasting, no transmission of pictures by
radio, and transoceanic radiotelegraphy was sporadic
and unreliable. Practical radiotelephony had just

been born. Even radiotelegraphy was only five years/

old, in the sensec that only for that.length of time had
passenger vessels been required to have wireless and
operators to be licensed.

What a contrast is presented by today’s conditions!
Now transoceanic radiotelegraphy and telephony both
are giving every-day reliable service, and broadcasting
covers the earth. Television and entry into the higher-
frequency spectrum are repeating the conditions of
new possibilities in war which were brought to the
last war by the vacuum tube and radiotelephony. New
and great significance results from the application of
space radio principles to uses other than communica-
tion, to which radio was confined previously, such as
the now well-known radio plane detectors. The work
of the radio engineer would have inestimable value if
radio were used only for communication purposes in
ships, planes, and tanks. \Vith other uses added, it
takes on importance second only to that of the plancs
and guns themselves. It seems to me correct to say
that never before in the history of science, has any
branch had as varied, ramified, and powerful utiliza-
tion as radio does today. The radio engineer of today
has a right to stick out his chest and feel important,
even as he has the obligation to feel and realize his
responsibility to use to the fullest advantage his oppor-
tunity for unusual service in this critical time.

As this country approached war in 1941, the radio
industry encountered its first war problem in the
shortage of certain critical materials upon which radio
apparatus had depended from its beginning. Radio
engineers met that problem so successfully that in
spite of shortage and substitution, more receivers were
manufactured in 1941 than in any previous year.

Then came conversion from civilian home-entertain-
ment receiver production to the manufacture of radio
apparatus for war. This was really difficult, because
military radio involves degrees of complexity, precision,
and ruggedness not known in civilian radio. It meant
changing engincering and factory practice from de-
signs utilizing crude tolerances to ones of high pre-
cision, both mechanically and electrically. It meant
changing from apparatus required to meet only the
range of conditions between parlor and kitchen to
apparatus capable of working reliably in the strato-
sphere and in the equatorial desert. The burden of this
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change fell most heavily upon the radio engineers.
And well have they carried it—without adequate sleep,
without furloughs, without rewards, or medals, they
are doing the job.

I have not recited this story just to record what has
been done so far, or to pat the profession on the back.
I have done so in order to silhouette what remains to
be done, because if we are to continue on to the greater
tasks ahead, with maximum efficiency, we must realize
where we fit in the picture, and how basically vital
radio is in this war. Furthermore, to advance and im-
prove we do not need to dwell upon the good things
we have done or are certain to do, but instead we
need to know the bad, and to correct them.

The new mobility of attack, on land, on sea, and in
the air, is possible only by use of radio communication.
The companion mobility of successful defense is de-
pendent likewise upon radio communication. In World
War I, radio communication was an adjunct; in this
war it is a vital necessity. In addition, we have now
the applications of radio techniques to new instru-
ments and weapons, thereby broadening the field of
radio to limits not yet clearly seen. How can realiza-
tion of this situation assist toward better execution of
the tasks ahead?

The task ahead is not merely the invention and
development of new devices, but even more important,
is wise utilization of the ones we already have. Utiliza-
tion of the things we have is not in the hands of en-
gineers alone; in fact, it is mostly in the hands of others.
Therefore, it devolves upon engineers to educate those
others in the facts of technical life as rapidly and

forcefully as possible. In peacetime we can allow the

time needed for sufficient education to percolate slowly
through the minds of others involved, with any
amount of accompanying confusion and loss. In war
we cannot with safety allow that time or that con-
fusion and loss.

The advances in radio are but a part of the advance
of technology on many fronts. In aviation, metal-
lurgy, chemistry, and plastics, to name only a few,
the advance has been so rapid that, as in radio, the
nontechnical person could not understand the implica-
tions of the early stages until the final stages had been
reached. So, for example, we have had various phases
of aviation unappreciated until very recently, although
aviation experts have understood them for many years.
Unfortunately for the world, this condition did not
exist in Germany. There, in Dr. Haushofer's incredible
Institute, and in the German Army, was full realiza-
tion of the new importance of technology and a thor-
oughly integrated utilization of it.

There are some examples of the kind of thing which
we in radio need to do in our own industry, to improve
our integration, co-ordination, and utilization of tech-
nical possibilities, and which can be mentioned in
public forum, One is the utilization of the broadcasting
system for public information, instruction, and control
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in the event of air attack. So far this vast system
has not been arranged for such use at all, in spite of its
obvious availability and effectiveness. Let us examine
this particular situation from the integrated technical
viewpoint, which of course includes radio, military,
and psychological factors, and see what conclusion
would be reached.

Preparation of protection against air attack on this
country has the following factors:

1. Attack will come unexpectedly.

2. Attack.is almost certain to include new elements
of attack (because this is past practice of the enemy
in new attacks). '

3. Rapid distribution of information to organized
workers and the public regarding new elements of
attack can mean the difference between catastrophe
and successful resistance.

4. Instant calling or signaling to certain vital or-
ganized workers (such as auxiliary firemen and home
guards) is necessary if they are to be of service quickly,
as they must be to be effective.

5. The American people are not like Europeans with
respect to news information. When anything happens
they are strongly in the habit of finding out what it is
—but quickly! They will not sit in ignorance. They
insist upon being informed.

6. The American pcople are trained, as are no
other people, to look to radio for quick news.

7. The American broadcasting system gives good
communication into every spot in the country where
people are located in any number.

8. Broadcast stations, in numbers sufficient to give
adequate news dissemination, can stay on the air
without giving aid to the enemy, if certain technical
provisions are made, and if proper judgment is used
in the information broadcast.

If these factors are correct, and every thoroughly
experienced radio engineer knows that they are, why is
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not the broadcast system already set up and operating
as a public war communications system, now that the
whole publicis in the front line of war? Simply because
we lack integration of knowledge and decision. We
engineers have not educated others to know that we
have a system available which can be used without
any objection, The public was not in the front lines
in the last war, and did not nced quick communication.
This war isdifferent, but we have not educated old-line
thinking to know that now there is advantage in radio
communication to the public comparable with its ad-
vantage in communication to tanks and planes. |
hope that we can find a way to convince and co-
ordinate the various agencies involved in the use of
broadcasting before there is need to use it,

In the design and manufacture of war radio ap-
paratus we will have plenty of difficult problems. We
should try to the utmost to design and build with the
maximum of standardization and the maximum of
reliability. The problem of maintenance of military
cquipment will be one of huge and increasing diffi-
culty. The cnormous quantitics of apparatus, the
extreme complexitics of many types, the scarcity of
well-trained secrvicing personnel, all add up to a
tremendous qifﬁculty and even military failure of
operations if the apparatus is not well designed and
well built

The story of this war is being written into history.
Some of it is behind us, but much more is ahead. The
part which radio is playing and wil! play is being de-
termined by the radio engineers. It is a vital part, and
perhaps when the whole story is written it will be seen
to have been a determining factor in the outcome.
However it may be, we will be in there, doing our
best to give all the assistance we can toward the de-
struction of the most barbarous organizations the
world has ever known, in order that we may again
proceed with peaceful, orderly development of things
for the betterment of mankind.
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Correspondence

The following letter merits the close attention of
the readers of the PROCEEDINGs. None will ques-
tion the writer's conclusion that technology can
become the handmaiden of destruction in states
dominated by ambitious, impulsive, and ruthless
dictators animated by an unbridled passion for
self-aggrandizement. Our readers are doubtless di-
vided into camps on the question whether the

To THE EDITOR:

If Mr.Van Dyck! manages to arouse even a minority
of the readers of the PROCEEDINGS to a sense of re-
sponsibility in the disposal and utilization of the prod-
ucts of their ingenuity, he will more than have justi-
fied his tenure of the office of president, provided, the
minority be sufficiently roused to take the initiative
in formulating some corrective measure.

The problem however is more fundamental than
would appear from Mr. Van Dyck’s article. The
engineer has traditionally been the servant of man-
kind and has cheerfully taken his orders from anyone
with sufficient driving force to assume the lead, and
has never demanded of his overlords any too deep an
appreciation of matters technical.

This state of affairs is, 1 submit, inherent in the
nature of man. To be a successful technician a man
must be capable—indeed he must enjoy the process—
of subjugating himself to his problem, rendering him-
self receptive to all the evidence it presents, and apply-
ing the train of logic to his findings with complete dis-
regard of his own personal desires as to the outcome.

Your leader, director, autocrat, exploiter, dictator
(call him what you will) is fundamentally the opposite
of this in character. For him to succeed his ego must
always dominate. He dcals not with physical prop-
erties but with the shifting intangibilities of men
themselves, and, operating outside of logic, decals in
their emotions—fcar, pride, ambition and the like.
This ficld may yet yicld to scientific method, but with
mankind as it is today, the technician naturally be-
comes the economic servant of the director type.

To advocate the delivery of some technical sense to
our leadcrs is hardly a solution, yet some solution must
be found if our children’s children are to reap where
we sow. Undoubtedly the forces that are now bearing
down upon us will yicld by burdensome trial and pain-
ful error the rare combination in our eventual leaders
of initiative and driving force coupled with scientific
integrity and technological insight. But to hasten that
happy day, I would advocate the deliberate cultiva-
tion of a wider range of interest in every practicing
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engineer should, and could, guide or control the
mode of utilization of his toil for the world's weal
or woe. The views of our readers are invited, for
their mutual information and benefit and as a
possible broad guide to those formulating the
policies of the Institute of Radio Engineers.

The Editor

engineer. If the majority of technicians were politically
and economically well informed a body of opinion
would arise whose influence could be a controlling one.
If this opinion were scientifically informed it would of
necessity be disinterested and act wholly for the good
of the race. As initial moves toward such a condition
the following might be contemplated.

(1) A campaign of education by this and all such
technical societies to encourage members to interest
themselves in the economic, political, artistic, and
humanitarian aspects of their professional activities.
To this end a special form of membership might be
established to grant appropriate standing to those
who, in addition to their technical abilities, have
demonstrated their acquaintance with the relationship
between their profession and the society in which it
operates.

(2) The founding of a society of technicians to
study the impingement of technical research on all
phases of life, and to give the widest possible publicity
to its findings among supporting technical societies.
Too often the technician proceeds unperturbed along
his chosen line of endeavor with no means of knowing
to what final result his success may lead society.

(3) To organize a group to keep the technical man
impartially advised of fundamental facts in current
affairs having immediate bearing on his activities.
Most of our opinions (which we flatter ourselves are as
logical as our treatment of technical matters) are mere
prejudices grown out of our emotional reactions to
propaganda by one or other interested groups.

The emphasis in these somewhat tentative sugges-
tions is not on any hope that change can come from
the top but rather that it must originate with rank-
and-file engineers, and this can only come about by
their wider education in responsibility outside the
present limits of their technical activities.

My salute to Mr. Van Dyck for his initiation of
what I, for one, hope will prove a fundamentally im-
portant Institute activity.

I.. T. BirD

Vice Chairman

Montreal Section

Institute of Radio Engineers
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Bill paid a visit the other day to
the laboratory where he used to
work, on leave from his post deep
in the heart of Florida. He had two
of those beautiful Navy gold stripes
on each sleeve and one of those
new pre-Pearl Harbor ribbons on
his chest—he was something! He
carried an aura of valor, romance,
and patriotism which seemed to
spell ‘‘slacker” to every civilian
suit of clothes in the lab. Had he
been a recruiting officer, he could
have signed up the whole staff right
then and there. If you are a civilian
in a laboratory today, you know
what I mean.

But after he left I got to wonder-
ing about what would happen to the
lab, and to the Navy, if the staff
did sign up, or if even but a few
more members like Bill, did so.
That lab is developing and engi-
neering the production of radio
equipment which the Navy uses.
And the Army too. The engineers

Board of Directors

A regular meeting of the Board of Di-
rectors was held on September 2, 1942,
Those present were A. F. Van Dyck, presi-
dent; C. C. Chambers, 1. S. Coggeshall,
Alfred N. Goldsmith, O. B. Hanson,
F. B. Llewellyn, Haradan Pratt, B. J.
Thompson, H. M. Turner, H. A. Wheeler,
L. P. Wheeler, and H. P. Westman, secre-
tary.

George Lewis was appointed official
representative of the Institute in England
for the duration of the war.

The Winter Convention which would
normally be held in New York City in
January, 1943, was canceled.

A recommendation of the Executive
Committee that a New York Section be
established and the necessary procedure to
do so were approved.

During the past several months, the
Secretary has devoted a substantial part
of his time under Institute authorization
to a project sponsored by the War Produc-
tion Board on the preparation of standards
covering radio components for the Mili-
tary Services, which project is under the
administrative direction of the American
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who work there are a pretty spe-
cial breed—years of training, years
of experience in factory, field, and
laboratory, and a teamwork which
is knocking out results fast. In
fact, there are fewer such fellows
in the whole country than there are
two stripers in the Navy.

The Navy and the Army cannot
afford to have many more men
leave the laboratories, if they are to
keep on getting improved appara-
tus and new instruments until the
war is won. But the men who have
stuck to their jobs so far are getting
restless under the lure of more
direct service appeal, of uniforms
and ribbons, and honors and pre-
ferments. °

So, as an old timer who has been
through it once, I want to appeal to
the civilian radio engineers who are
engaged in really vital war work,
and who feel the pull of the uni-
formed services, to remember that
their present work is vital, that

Standards Association. It was agreed by
the Board that any required proportion of
the Secretary’s time would be made avail-
able for this work by the Institute during
the next several months. This action was
taken by the Board because of the vital
importance of the project to the prosecu-
tion of the War.

Executive Committee

The Executive Committee met on
August 18 and those present were A. F.
Van Dyck, chairman; Alfred N. Gold-
smith, R. A. Heising (guest), F. B.
Llewellyn, Haraden Pratt, B. J. Thompson
and H. P. Westman, secretary. o

At the recommendation of Advertising
Manager Copp, the advertising rates for
the PROCEEDINGS were revised to provide
for a 15 per cent discount to the agency
placing the advertisement,

Several letters of petition naming addi-
tional candidates for the office of Director
were received. An insufficient number of
signatures were affixed to those petitions
received before August 15 to comply with
the Constitutional requirements and neces-
sarily the petition could not be received.
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they cannot be replaced by others
in less than several years, and to
sacrifice those honors and prefer-
ments which come readily to the
uniformed services and not so
readily to civilians. Such sacrifice
will be worth while if it helps to
assure the safety of freedom in the
world, as it will. The balance is too
critical right now to take any
chances with our total effort.

The Army and Navy will need
more men, and undoubtedly some
more engineers from civilian ranks
can be spared, but each case should
be weighed carefully to determine
whether the national effort will be
better served by transfer or by re-
maining on the more prosaic civil-
ian job. Certainly it is not to the na-
tional interest to have the whole-
sale desertion from laboratory ranks
which seems to be looming.

Arthur Van Dyck
President

We were informed by the Institution
of Radio Engineers (Australia) of the fol-
lowing resolution passed by the Council
of that organization:

“That members of the Institute of
Radio Engincers (United States of Amer-
ica) in the fighting forces, resident for the
time being in Australia, be invited to be-
come Honorary Members of the Institution
of Radio Engincers (Australia) and that a
suitable letter be forwarded to General
MacArthur, the Institute of Radio Engi-
neers (United States of America), and
branches of this Institution advising them
of the above decision of the Council.”

Members of the Institute desiring to
partake of these privileges may communi-
cate directly with the Institution of Radio
Engineers, Science House, 157 Gloucester
Street, Sydney, N. S. W., or with any of
the following division secretaries: K. L.
Elliott, Brisbane Division, Box 1765 W,
General Post Office, Brisbane, Queens-
land; R. R. Mackay, Melbourne Division,
¢/o Melbourne Technical College, 134
Latrobe Street, Melbourne, Victoria; and
S. C. Austin, Perth Division, Box 335,
General Post Office, Perth, Western
Australia.

The Institute extends a cordial invita-
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Roy ALEXANDER WEAGANT
1881-1942

Roy Alexander Weagant (M 13-
F15) was born on March 29, 1881, in
Morrisburg, Ontario, Canada. When
he was but a few years old, his family
moved to Dernby Line, Vermont.

He received a Bachelor of Science
degree from McGill University in
1905. The next year was spent with
the Montreal Light, Heat, and Power
Company, and the following year with
the Westinghouse Electric and Manu-
facturing Company at East Pilts-
burgh, Pennsylvania. In 1907, he
entered the employ of the DeLaval
Steam Turbine Company of Trenton,
New Jersey. From 1908 to 1915 he
was with the National Electric Sig-
nalling Company. He became Chief
Engineer of the Marconi Wireless
Telegraph Company from 1915 to
1920 and served as a Consulting En-
gineer for the next four years lo the
Radio Corporation of America which
was a successor to the Marconi Com-
pany. He then served as Chief Engi-
neer and Vice President of the De-
Forest Radio Company and later
devoted his time to a consulting prac-
tice.

Mr. Weagant was the second re-
cipient of the Morris Liebmann Me-
morial Prize which he received in
1920 for his work on methods for re-
ducing the effects of static in the re-
ception of radio signals.

The death of Mr. Weagant, which
occurred at Newport, Vermont, on
August 23, 1942, marks the passing
of another of the early pioneers who
contributed substantially to the new
art of radio communications.

tion to all members of the Institution of
Radio Engincers (Australia) who are lo-
cated in the United States to attend its
meetings and to avail themselves of such
facilities as the Institute office can pro-
vide.

It was recommended to the Board of
Directors that George Lewis, who has been
recently ordered to London for the dura-
tion by the International Telephone and
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Telegraph Corporation, be designated an
official Institute representative in England.

It was noted that a number of con-
ventions including the Rochester Fall
Meeting for 1942 had been canceled and in
view of the limited attendance and diffi-
culties in obtaining suitable papers for
the summer convention in Cleveland, it
was recommended to the Board of Direc-
tors that the Winter Convention which
would normally be held in New York in
January, 1943, be canceled.

An invitation from the Chicago Section
that the Institute convene there in June,
1943, was considered. In view of the un-
settled conditions, no action was taken
onit.

All members of the Executive Com-
mittee were present at a meeting held on
August 26. The attendance included A. F.
Van Dyck, chairman; 1. S. Coggeshall,
Alfred N. Goldsmith, R. A. Heising
(guest), F. B. Llewellyn, Haraden Pratt,
B. J. Thompson, and H. P. Westman,
secretary.

Dr. Llewellyn, who is that member of
the Executive Committee charged with the
responsibility for overseeing the activities
of our technical committees, reported on a
meeting of the chairmen of the various
technical committes, and, as a result, the
following three actions were taken.

The terms of service of all technical
committees is the calendar year at the
present time. This results in two major
periods of inactivity each year. One of
these is during the summer months, and
the other is during the first couple of
months of the year when committee per-
sonnel is appointed. It was agreed that it
would be desirable to start the term of
service in the early summer and thus
avoid the lull which occurs during the
winter when the committees should be in
full activity. This requires a modification
of the Bylaws and Dr. Llewellyn will pre-
pare a proposed revision for submission to
the Board of Directors.

It was agreed that brief or partial
standards reports may be published in
order that they might appear at an earlier
date than would be possible if final re-
ports were required. The diminution in
activities of committees as a result of the
war effort may make it impossible to
prepare complete reports in some in-
stances.

With the exception of a few specified
committees, the secretarial assistance nor-
mally provided to all Institute com-
mittees will be restricted to the prepara-
tion and mailing of notices of meetings
and of duplicating and distributing min-
utes and reports of the meetings. This
action, which applies to all technical
committees and most of the administra-
tive committees, was considered necessary
in order to release the headquarters staff
and the Secretary for other duties.

On September 1, A. F. Van Dyck,
Chairman; Alfred N. Goldsmith, F. B.
Llewellyn, Haraden Pratt, B. J. Thomp-
son, and H, P. Westman, Secretary, at-
tended a meeting of the Executive Com-
mittee.
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MavrcoLm PARKER HANSON
1894-1942

Malcolm Parker Hanson (A’21-
M29) was born of American parents
in Berlin, Germany, on October 19,
1894.

After three years at the University
of Wisconsin he enrolled in the United
States Naval Reserve Force in 1917 as
a radio electrician. Later, he was com-
missioned as an Ensign and in June,
1919, he was released from active
service.

In 1924, as a civilian engineer, he
joined the staff of the Naval Research
Laboratory, subsequently being placed
in charge of the Aircraft Radio Sec-
tion. He acted as technical advisor on
radio matters to the Wilkins-Detroit,
the Navy-MacMillan, and the Byrd
Antarctic expeditions, and to the Byrd
North Pole and transatlantic flights.
He accompanied Admiral Byrd on his
1928-1930 ex pedition to the Antarctic.

On his return he was placed in
charge of the technical work al the
Radio Flight Test Laboratory of the
Naval Air Station at Anacostia.

In 1938, he became Vice President
of the Radio Navigational Instrument
Corporation in New York, manufac-
turers of radio navigational instru-
ments for aircraft.

In 1939, he returned to the Navy
as a Lieutenant Commander and was
promoted to Commander two years
later.

In recognition of his work he was
awarded a special gold medal by Con-
gress in 1930; the gold medal of the
Veteran Wireless Operators’ Associa-
tion which was awarded by radio from
New York to Little America; the
special gold medal from the City of
New York, and the medal of the
Aeronautical Chamber of Commerce.

Commander Hanson's death oc-
curred in the line of duty in Alaska on
August 9, 1942, where he was killed in
an airplane accident. With his deuth,
the radio engineering profession lost
one of ils keenest minds and principal
authorities on all phases of aircraft
radio.

_—
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Approval was granted of 94 applica-
tions for Associate, 6 for Junior, 29 for
Student, and 2 for transfer to Associate
grade.

The Secretary reported that under
date of August 27, 1942 the PROCEED-
INGS was admitted to membership in the
Audit Bureau of Circulations.

It was recommended to the Board of
Directors that as great a proportion as
may be required of the Secretary's time be
made available to the American Standards
Association for activities on a Govern-
ment-sponsored project to develop stand-
ards on radio components for the Military
Services,

It was recommended to the Board of
Directors that a New York Section be
formed and a procedure to bring this about
was approved.

Summer Convention

Our summer convention for 1942 was
held in Cleveland, Ohio, on June 29, 30,
and July 1. The program was published
in the May, 1942, issue of the PROCEED-
INGS aud the following papers which were
not contained in that announcement were
among those presented.

“Half-Wave Voltage-Doubling Recti-
fier Circuit,” by W. D. Waidelich and
C. H. Gleason of the University of Mis-
souri, Columbia, Missouri.

“A Solution of the Problem of Adjust-
ing Broadcast Directional Arrays With
Towers of Unequal Heights,” by J. M.
Baldwin and G. H. Brown, KDYL, Salt
Lake City, Utah, and RCA Manufactur-
ing Company, Camden, N. J., respec-
tively.

The paper on “Stub-Feeder Calcula-
tions,” by H. A. Brown and W. J. Trijit-
zinsky of the University of Illinois was
not presented through inability of the
authors to be present.

A symposium on “What Radio Means
in the War Effort” was also included in the
program. The following speakers par-
ticipated.

A. F. Van Dyck, President, Institute
of Radio Engineers, Chairman.

Paul Galvin, President, Radio Manu-
facturers Association.

Neville Miller, President, National As-
sociation of Broadcasters.

E. K. Jett, Chief Engineer, Federal

Communications Commission.
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Dr. Schelkunoff (right) receiving from President Van Dyck the
check for the Morris Licbmann Memorial Prize for 1942, The presen-
tation was made at the Summer Convention Banquet on June 30 in
recognition of Dr. Schelkunoff’s contributions to the theory of elec-
tromagnetic ficlds in wave transmission and radiation.

E. M. Webster, Captain, United States
Coast Guard.

Glen Bannerman, President of the
Canadian Association of Broadcasters, was
originally scheduled to speak but was un-
able to be present.

The material presented by the Presi-
dents of the Institute, the Radio Manu-
facturers Association, and the National
Association of Broadcasters appears else-
where in this issue.

Captain Webster discussed the radio
problems which face the Coast Guard in
its wartime activities.

The work of the Federal Communica-
tions Commission was outlined by Mr.
Jett. He discussed the problems which the
advent of war had brought about in the
realm of radio regulation. The problems of
making greatest use of the radio spectrum
for the war effort were considered and in-
cluded not only the need for effective
point-to-point communications but also
the necessity of maintaining public morale
through a continuation of broadcasting.
The problems of monitoring such a large
spectrum as radio now encompasses, to

prevent inimical use of radio, is a task
of great proportions on account of the
geographical size of the United States, the
characteristics of radio waves, and the
ability to carry on long-distance com-
munications with relatively low powers
The need for full co-operation by all radio
organizations and individuals will be re-
quired to give the most effective use of
this important medium of communication
in winning the war.

During the banquet, the Morris Lieb-
mann Memorial Prize was presented to
Dr. S. A. Schelkunoff for his contributions
to the theory of electromagnetic fields
in wave transmission and radiation. About
150 members and guests attended the
banquet.

At the luncheon on June 30, Frazier
Hunt, news reporter and correspondent,
spoke on the war and the immediate prob-
abilities which might be expected from
the conditions then existing. His appear-
ance was through the courtesy of the
General Electric Company.

The registration at thé Convention in-
cluded 256 men and 36 women.

P T T—
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............................. cooovo.......C. M. Jansky, Jr., C. B. JoLLIFFE, aND E. L. NELSON

U.R.S.I. (International Scientific Radio Union) Executive Committee o 00 bty cevve. o0 Co M. Jansky, JR.

U. S. National Committee, Advisers on Electrical Measuring Instruments. . ... . 5

........................ o R s il o [ oo ..MELVILLE EasThHAM AND HarROLD OLESE
U. S. National Committee, Advisers on Symbols. . ... ... . .. L. E. WhiTTEMORE AxD J. W. HorToN

AMERICAN STANDARDS ASSOCIATION

Standards Council ... .. .. .. .. L Wel o e e ALFRED N. GoLpsmith (H. P. \WESTMAN, alternate)
Board of Examination. ... ... By po e , ~o........H. P. WEsTMAN, chairman
Electrical Standards Committee. .. .. .. .. . .. . . _ H. M. TurNER (H. P. \VEsTMAX, aliernate)
Sectional Committec on Acoustical Measurements and Terminology. .. .. ... E.D. Cook axp H. F. OLsox
Sectional Committee on Definitions of Electrical Terms. . A P ..........HARADEN PrRATT

Subcommittee on Vacuum Tubes....... .. . . . .. e P, ....B. E. SHACKELFORD
Sectional Committee on Electric and Magnetic Magnitudes and Units. v g e o - d,be .ol DELEINGER
Sectional Committee on Electrical Installations on Shipboard.. ... .. . . . . . I F. anNEé AND V. R. Russ
Sectional Committee on Electrical Measuring Instruments... ... . . S ... . WiLsoN AuLL

Sectional Committee on Graphical Symbols and Abbreviations for Use on Rrasiigsys 20 e o sqw oo . 45y wessi
.................................................. AUSTIN BAILEY (H. P. WEsTMAN, alternate)
Subcommittee on Communication Symbols . . . ... . . . e H. M. TUrRNER
Sectional Committee on Letter Symbols and Abbreviations for Science and Engineering .. . . .. H. M. TurNER
Subcommittee on Letter Symbols for Radio Use. . .. O H. M. TURNER
Sectional Committee on National Electrical Safety Code, Subcommittee on Article 810, Radio Broadcast
IReception EQUIDITENaw s wem we 5 n g e 5ALLL S S -....E. T. Dickey (VirGiL. M. GRrAHAM, alternate)
Sectional Committee on Preferred Numbers. . ... . = = = e A. F. VaN Dvck
Sectional Committee on Radio. . ALFRED N. GoLDSMITH, chairman; HARADEN PRATT, axD L. E. \WHITTEMORE
Sectional Committec on Radio-Electrical Co-ordination. ... . . . = P W= =N A vl vy
...................................... J. V. L. HoGan, C. M. JANSKY, Jr., aNp L. E. \WHITTEMORE
Scctional Committee on Specifications for Dry Cells and Batteries ’qp - K ...........H. M. TURNER
Sectional Committee on Standards for Drawings and Drafting Room Practices
Sectional Committee on Vacuum Tubes for Industrial Purposes

. AUSTIN BAILEY
.................. ....B. E. SHACKELFORD



Contributors

ALDA V. BEDFORD

Alda V. Bedford (A’'31) was born in
Winters, Texas, on January 6, 1904, He
received the B.S. degree in electrical en-
gineering from the University of Texas
in 1925. While at the University he spent
one summer with the Dallas Power and
Light Company, and during the latter
part of his school term he was engaged as
assistant in the physics department. In
1925 Mr. Bedford joined the General
Electric Company, starting in the general
engineering department and later trans-
ferring to the testing department and re-
search laboratories, working on sound re-
cording by film and disk, audio-frequency
amplifiers, loudspeakers, sound printers
for film, and television. While in Sche-
nectady he obtained the M.S. degree in
electrical engineering from Union College.
Since 1929 he has been employed in the
laboratories of the RCA Manufacturing
Company, first on disk sound recording
and then on television. He received a
“Modern Pioneer” award from the Na-
tional Association of Manufacturers in
February, 1940, for inventions in tele-
vision.

G. L. FREDENDALL

October, 1942

Charles M. Burrill (A’24-M’'30) stud-
ied electrical engineering at the University
of Minnesota, graduating in 1923. He then
went with the General Electrical Com-
pany. Following three years of general
training in the General Electric advanced
course in engineering, he joined the radio
engineering department, and in 1927 was
placed in charge of tuned-radio-frequency
receiver development. Since 1930 Mr.
Burrill has been with RCA at Camden,
N. J., with the exception of a year and a
half in 1931-1932 spent with the Rogers-
Majestic Corporation of Toronto, Canada,
in charge of research. Since returning to
Camden he has been engaged in general
research, first in sound recording, and
more recently in interference and noise
suppression and in ultra-short-wave propa-
gation. He is a member of Tau Beta Pi,
Eta Kappa Nu, Sigma Xi, and the Frank-
lin Institute.

G. L. Fredendall (A'41) received the
Ph.D. degree from the University of Wis-
consin, From 1931 to 1936 he was at the
University teaching electrical engineering,
mathematics, and doing research work in
mercury-arc phenomena. Since 1936 he
has been with the RCA Manufacturing
Company engaged in television research.

o,
o

Irvin E. Fair (A'39) was born at
lola, Kansas, on June 30, 1907. He re-
ceived the B.S. degree in electrical engi-
neering from lowa State College in 1929.
The same year Mr. Fair entered the radio
research department at the Bell Telephone
Laboratorics and has been engaged prin
cipally in the study of piezoelectric crystals
and crystal oscillators.

o,
oo
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MARTIAL A. HONNELL

Martial A. Honnell (A’40) was born
on October 23, 1910, at Lyons, France.
From 1928 to 1930 he was a shipboard
radio operator with the Radiomarine
Corporation of America. He received the
B.S. degree in electrical engineering in
1934 and the M.S. degree in electrical
engineering in 1940 from the Georgia
School of Technology. Mr. Honnell was
on the engineering staff of WGST from
1930 to 1936, and worked part-time for
the Van Nostrand Radio Engineering
Service of Atlanta in 1935. He was with
the radio division of the Pan American
Airways at Miami in 1936-1937. From
1937 to 1941 he was instructor of electrical
engineering at the Georgia School of Tech-
nology, advancing to assistant professor
in 1941, and is now head of the com-
munication division of the electrical
engineering department. He is a member
of Tau Beta Pi and Eta Kappa Nu.

.
o

Ray D. Kell (A’35) received his B.S.
degree in electrical engineering from the
University of Illinois in 1926. From 1926
to 1930 he was engaged in television re-
search in the radio consulting laboratory

IrviN E. FAIR
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Ray D. KELL

of the General Electric Company. From
1930 to the present time he has been a
member of the research division of the
. RCA Manufacturing Company, where he
has continued his work on various tele-
vision problems. He received a “Modern
Pioneer” award from the National Associ-
ation of Manufacturers in February, 1940,
for inventions in television. Mr. Kell is a
member of Sigma Xi.

Henry N. Kozanowski (A'34), was
born on August 15, 1907, at Buffalo,
New York. He received the B.S. degree
from the University of Buffalo in 1927; the
M.A. degree in 1929; and the Ph.D. de-
gree in physics from the University of
Michigan in 1930. Dr. Kozanowski held
a gradute teaching assistantship at the
University of Buffalo during 1927 and
1928. He was a research assistant at the
University of Michigan during 1929 "and
1930. From 1930 to 1935 he was in the re-
search laboratories, power tube section, of
the Westinghouse Electric and Manu-
facturing Company. Since 1935 he has
been in the research laboratories of the
RCA Manufacturing Company. He is a
member of Sigma Xi, Phi Beta Kappa, and
the American Physical Society.

o,
[X]

HENRY N, KozaNowsk1

Warren P. Mason (A'36-F'42) was
born in Colorado Springs, Colorado, on
September 28, 1900. He received the
B.S. degree in electrical engineering from
the University of Kansas in 1921, the
M.A. degree from Columbia University
in 1924, and the Ph.D. degree in 1928
from Columbia. He has been a member of
the research department of the Bell

’

WARREN P. MasoN

W. E. Rubper

Telephone Laboratories since 1921. His
work has been mainly with wave propa-
gation networks, both electrical and me-
chanical, and with piezoelectric crystals.
Dr. Mason is now head of the department
investigating piezoelectric crystals. He is
a member of the Physical Society and a
Fellow of the Acoustical Society.

°,
[x]

W. E. Ruder was born in Stockdale,
Pennsylvania. He is a graduate of South-
western State Normal School and of Penn-
sylvania State College.

Mr. Ruder has been with the General
Electric Company since 1907. In 1920 he
was made head of the magnetic section
of the research laboratory, and has been
head of the metallurgical and magnetic
section since 1938. He is the holder of
many patents on magnetic and metallurgi-
cal processes and products, such as caloriz-
ing, alnico magnets, resistance alloys,
magnetic sheet materials, etc., and is the
author of many papers on metallurgical
and magnetic subjects. He is a director
of the Allegheny Ludlum Steel Corpora-
tion and a member of Theta Xi Fraternity,
American Iron and Steél Institute, Ameri-
can Society for Metals, American Associa-
tion for the Advancement of Science, and
the American Institute of Mining and
Metallurgical Engineers.



BUSINESS...

Our fighting men have undertaken to complete a job. We, in turn, are

determined that they shall have the necessary tools to do so. Commer-

cial requirements must be subordinated.

When normal conditions return, we will be proud to offer not only our
most complete line of precision attenuators in the world, but many ad-
vanced types of laboratory test equipment for use in electrical, broadcast,
sound picture and television fields.

THE DAVEN COMPANY

158 SUMMIT STREET NEWARK, NEW JERSEY




THE same engineering leadership that characterized Sprague peace-time
activities has today long since been devoted exclusively —and on a greatly
accelerated basis—to problems of winning the war. Following are a few
of the Sprague developments which are proving helpful.

ELECTROLYTIC CONDENSERS FOR AIR-
PLANE USE—Yes—electrolytics can fly safely
and perform faithfully, even at high
altitudes and resulting low tempera-
tures. Sprague has developed a special
fully proved type for this purpose.

PAPER CONDENSERS THAT STAND UP
UNDER KILOVOLTS TO 90° C. It’s not
much of a trick to make paper con-
densers to stand high voltages at
moderate temperatures—or much more
difficult to make them to stand low vol-
tages at high temperatures. Sprague
engineering, however, has produced
a unique combination of the two—
high-voltage condensers (from 5,000
to 15,000 volts) with ambient tem-
peratures of the order of 90° C.!

QUALITY COMPONENTS © EXPERTLY
ENGINEERED * COMPETENTLY PRODUCED

CONDENSERS THAT WILL STAND PULSE
VOLTAGES—Sprague engineers have
made a special study of this field.

PAPER CONDENSERS TO READ ""OFF SCALE"
ON MEGOHM BRIDGES — Sprague
Produces a special type that reads

“off scale” on megohm meters. *

SATISFACTORY MICA CONDENSER SUB-
STITUTES—Sprague makes them—in
Paper condenser types—proved be-
yond all question of doubt in dozens
of applications where only mica units

were previously used. -
¥ e More than 200,000 megobms

s

SPRAGUE

SPECIALTIES COMPANY
North Adams, Mass.

Manvufacturers of a complete line of radio and
industrial capacitors and Koolohm Resistors. :’
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Hlustration shows typical application
of electromagnet actuating coil to
Vacuum Relay. In certain installa-
tions outside flash-overs are elimi-
nated by use of ball type connectors.

Manufactured by

EITEL- McCULLOUGH, INC.
San Bruno, California, U.S. A.

Electrical Problem

Handling 20,000 volts RF potential with this Eimac vacuum
relay is as easy as turning on your living room lights.

Over two years ago Eimac engineers developed this strange looking
vacuum tube which has been seeing service ever since. It is a single pole
double throw relay used for many high voltage switching applications.
Although the contact spacing is only 015", no arc-over is experienced
inside the tube. Changes in air pressure and humidity, such as encoun-
tered in aviation, have no effect on the breakdown within the relay, be-
cause the contacts are in vacuum. Actually a flash-over will occur across
the outside terminals before breaking down within. A tribute to the high
degree of vacuum attained on Eimac pumps.

This development is a direct outcome of the far-reaching advance-
ments made possible through the Eimac technique of vacuum tube con-
struction. A typical example of why Eimac transmitting tubes are first
choice of leading engineers throughout the world.

Follow the leaders to Eimac Tubes

®
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Export Agents: FRAZAR & CO., LTD., 301 Clay St., San Francisco, California, U.S. A.
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Gruelling tests make certaln of performance
capabilities. This test places an RF potential of
20,000 vaolts across the coutacts spaced at only
013" from the grounded pole piece. Close-up
shows corona which occurs externally when ex-
treme voltage is applied although no arc-over
is experienced on internal contacts,



Electroneering
is our business!

ELECTRONEERING is the word
we have coined to symbolize
the part we are playing in the
conquest of the stirring new
world of Electronics.

Behind the closed doors of
the RAULAND laboratories, new
visions, new ideas, newdiscov-
eriesare unfolding themselves.
Here, scores of new vacuum
devices are blazing new trails
in the fields of Television,
Broadcasting, Communica-
tions, and Sound.

But first and foremost, we at
RAULAND are at war—along
with 130,000,000 other fight-
ing Americans. All of our
energies, experience, engi-
neering ingenuity, and manu-
facturing resources are at work
on military communications,
building the vital sinews of

modern warfare. Electroneer-
ing for American victory is our
main business.

We are not unmindful, how-
ever, that since 1922 we have
been at the service cf the radio
industry. We feel, therefore,
that it is our obligation to tell
you something about our pres-
ent activities. It is our plan to
give you, from time to time,
worthwhile information (with-
in the limits of government

RADIO « SOUND -

e T

Baagm

regulations)describing unique
advances in electronic design
and in techniques of manu-
facture that symbolize the RAU-
LAND ideal in Electroneering.
We hope to make these mes-
sages interesting and informa-
tive —to keep you posted on
the scope of RAULAND'S engi-
neering and manufacturing
activities—against the day
when we can once again share
these resources with you.

COMMUNICATIONS

The Rauland Corporation

Chicago, Illinois

The new laboratories and
plant of the RAULAND
Corporation—a superb
setting for forward-look-
ing research and pre-
cision manufacturing,

Proceedings of the I.R.E. October.
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* THE ALCO PLANT WAS ON THE FIRST LIST OF 43 AWARDS FOR ¥
- EXCELLENCE IN QUALITY AND QUANTITY OF WAR PRODUCTION

4 J AWARDED JULY 27, 1942 \

yN THE SHADOW of war-historic Lookout Mountain, within gun shot of America’s bloodiest
battlefield at Chickamauga, on soil hallowed by the best blood of North and South — there

proudly flies the Army-Navy burgee.

Nearly a hundred years ago in the Mexican War of 1846, when Tennessee exceeded its quota
by supplying 30,000 troops instead of 2,800, it earned, and has retained, its title as the
“Volunteer State.”” Perhaps there is significance in the fact that this area was one of the
first in the land to receive an Army-Navy combination award for excellence in quality and
quantity of war production. A star is offered by the Army-Navy for every period of six
months in which the record of high production is maintained.

Our employees, whose achievements in the production of ALSIMAG steatite' ceramic insulation
constitute the real glory of the award, wish to publicly record their determination to earn
a Service Star every 180 days. This is not at all for our aggrandizement, but as evidence
of a stern resolution: “That our brave fighting forces on the water, on the land, in the air
or under the seas shall never suffer from the lack of what we can supply.” That shall be
our goal and our pledge. This is our slogan:

WHILE AMERICA IS AT WAR,
AMERICAN LAVA IS AT WORK

Excerpts from Acceptance of the joint Army-Navy Burgee by Paul . Kruesi, President

= MERICAN LAVA CORPORATION
@5 AMERICAN LAVA COR

D
CHATTANOOGA, TENNESSEE

Proceedings of the I.R.E. October, 1942
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. in a Flying Fortress. . . in_d Génércl Grant ... fn a hattieship or a shell hole
* - « . when the Microphori

Millions of lives’ may dep
Shure Brothers are in a
Phones pass this supreme
ﬁm‘\ tests more destructiy
‘Fighting Mik e do their

e switch is pressed —the ‘message must get through! .
end on it. This is the su
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test becays
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'pgeme test. Microphones made by

SHURE BROTHERS

225 West Huron Street, Chicago, U. S. A.
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Abandon hope . . . all Germs who enter here

CIENTISTS HAVE LONG KNOWN that

certain wave lengths in the ultra-

violet spectrum are true ‘“death rays” to
the world of bacteria.

The rays in the narrow region of 2500-
2600 Angstrom units. ..ahout 1/100,000
of an inch in length . . . were found to
have the greatest bacteria-killing power.

The problem was to devise a practical
and eflicient device for transmitting se-
lected ultraviolet radiations within a
given bactericidal range.

The device must not generate a lot of
heat. It should have long life. It should
be inexpensive and easy to install and
operate. Most of its radiation must be in
the region of peak bactericidal effective-
ness. It must produce only a limited
amount of ozone.

Some years ago one of the scientists of
the Westinghouse (Lamp Division) Re-

a
~
\d
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searchi Laboratory, which is under the
direction of Dr. Harvey C. Rentschler,
produced an ultraviolet generator meet-
ing these difficult requirements.

Further research and patient effort
brought about a commercial ultraviolet
bactericidal lamp that emitted about
849, of its ultraviolet at 2537 Angstrom
units . . . a lamp that was efhicient and
relatively cool during operation . . . that
produced an amount of ozone sufficient
to correct odors and protect areas not
directly irradiated, but insufficient to
cause taste change or detrimentally
affect food products. This lamp was
marketed under the trade mark, Steri-
lamp.*

In hospitals, the Sterilamp* stops air-
borne infections from entering wounds
and incisions. .. by providing a protective
zone of sterile, bacteria-free air around

'TAn-EeiMurk Reg iJ 8 'l;ut on

the patient on the operating table.

When properly installed in air-condi-
tioning systems in hospitals, schools, and
nurseries, the Sterilamp* is the most
effective agent known for reducing cross-
infection . . . the spread of air-borne
contagious diseases.

The commercial applications of the
Sterilamp* are practically endless. It is
used in the ‘““Tenderay’’ process for ten-
derizing meat . . . and in bakeries, brew-
eries, wineries, canneries, restaurants,
hiological laboratories, lavatories . . .
wherever air-borne bacteria be
killed or controlled.

must

In the Sterilamp*, Westinghouse “knowv
how”’ has scored a notable victory o-cr
the invisible encmies of mankind. To
day, Westinghouse scientists are hard at
work developing weapons that will score
the same kind of victory in our wur
against the Axis.

V\/éstinghouse

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY, PITTSBURGH, PENNSYLVANIA

PLANTS IN 25 CITIES—OFFICES EVERYWHERE

vh




He's firing telephone
at a Zero!

wire

Tus fighter planc. with its six wing guns spitting
fire, uses up enongh copper every minute to make
several miles of telephone line.

That’s the right use for copper now — and it’s
the reason why we can’t continue to expand our
facilities to take care of the expanding Long Dis-
tance telephone traffic.

Right now, our lines are flooded with Long
Distanee calls. Most of them have to do with the
war — they must have the right of way.

Will you help us keep the wires clear for war call

-industrial calls that send a plane down the assembly

line militarv ealls that send it into the air against
the enemy?

You can do it by keeping your own calls as few
and as brief as possible. And you’ll be bringing
Victory that mnch nearer.

Bell Telephone System

Sy

LY




[ TRIPIEIT

INSTRUMENTS

Full size of Instrument. Note deep shroud This molded case contains full size
for glass prou-clion—:nd *Quick-Look"”’ Triplett Mechanism. Rugged Con-
Scale. struction—Compact Convenience.

IS THE INSIDE STORY

\52
2

/

Four-point Rigid Magnet

1 Four-point Core 3 Bezel Shroud Eliminates Balanced Frame Con-
Clamping

Support Unwanted Glare struction

2 Full Metat Bridges on - 4 One-piece Formed Spring Solid Balance Cross with Separate Dial Mounting
Top and Bottom Zero Adjustment Screw-type Balance \ndependent of Top Bridge
Weights

Thin-Line Instruments also have Standard Larkce Coil
Triplett Movements. Furnished with Osmium pivots for
special requirements. All thesc features make for greater
rigidity under vibrauon: greater permanence of cahibra-
tion; Rreater user satisfacuion.

oN TO.-° /
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strial npp\icmions.

r many indu For full
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MINOR ASSEMBLY OPERATIONS
YOUR BOTTLENECK ?

On parts that require steatite
Isolantite furnishes complete assemblies

N THE manufacture of war equipment, nothing
l iS SO annoying, or costly, as having to perform
the minor assembly operations. On parts in which
steatite is combined with metal in various forms,
this burden can be avoided. When such assemblies
are furnished by Isolantite Inc., it enables you to
reserve your production facilities and trained per-
sonnel for major assembly tasks.

Among the insulators illustrated are several de.
veloped for aircraft. These offer convincing evi-
dence of Isolantite’s ability to supply assemblies
that meet the most exacting demands. And point up
a fact second in importance only to speed of pro-
duction—the combination of advantages found in
Isolantite™.

Uniformity of product, high mechanical strength,
electrical efficiency, non-absorption of moisture—all

contribute to depcndable insulation performance,

X

and make Isolantite’s adaptability to the production
of intricate shapes to accurate dimensions unusu.
ally significant.

Equipment manufacturers who can attribute their
difficulties in meeting war production schedules
to the necessity of performing a number of minor
assembly operations may find welcome relief in
Isolantite’s service, and enjoy, in addition, all the
advantages resulting from the use of high-grade

insulation in their products.

v
ey

CERAMIC INSULATORS
ISOLANTITE INC., BELLEVILLE, NEw JERSEY

*Registered trade-name for the products of Isolantite Inc.
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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 PROCEEDINGS. 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

The Institute of Radio Engineers
Incorporated

charge. The four current reports 330 West 42nd Street, New York, N.Y.

are on Electroacoustics, Elec-

tronics Radio Receivers, and Ra-

dio Transmitters and were pub-
lished in 1938 1 hgreby r_nake 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

To the Board of Directors

Gentlemen:

familiar with my work.
MEMBERSHI.P has grown from ! certify that the statements made in the record of my training and pro-
a few dozen 1n 1912 to about {)ess;]ong experience afre coxirect, and agree if elected, that I shall be governed
. y the Constitution o the Institute as long as I continue a member. Further-
SCyer thpusand. Pra'ctlcal'ly every more I agree to promote the objects of the Institute so far as shall be in my
country in the world in which radio power.

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- L s for mail)
ber without further payment.

N neRE e AR F (City and ‘State)
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 SPONSORS

this issue. (Signatures not required here)

SUBSCRIPTIONS are accepted NIy ocro qe fae v oo mdg s SARA B 3o s savs §8 RN O ab :
for the ProceepiNGs at $10.00 per
year in the United States of Address ..... & wnid o DG4 eEK 398 B ISR S 0 of 73 1 o
America, its possessions, and
Canada; when college and public
libraries order direct from the In- NEE s e errdg R L - 5

stitute, the subscription price is

$5.00. For other countries there is Address .......oooiiieieiniees . T R YT Py 5 1 0 L oL o gt

City and State

! o1 (
an additional charge of $1.00 Oty B0 BHRUE + oar oas oo ordghomin s wbésdsaswonnests con SUNER
: : . NP ool Ssdeanssabannsabh coves e s ags s har Sel-wi S8 PSS SRS LN
The Institute of Radio Engineers, Inc.
Harold P. Westman, Secretary ADBLOEE! « . gooervipd Heoas - sbany s we ilapghe i flocsrna S
330 West 42nd Street
New York, N.Y. City and State .. L ETUPIT e | B o o BT o b s, g e o
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REMITTANCE SCHEDULE
MonTtn Dusino
S AMOUNT or RemiTrancE (=EnTuanct Frr-FDuas)

ArrricaTion
Reacurs |.R.E. Wiien SuouLp Accomeany Arrrication

HrzavQuantaes

Gaabz —3 AssoCiat P'B‘l',o!'; (}g\v:::':,,“
Jan., Feb. $7.-SOT=_$J-+-;4.SO') l Apr.-Dec. (9 mo. of current
Mar, Apr., May 6.00 (= 34 3.00°) Jur;Bzz (6 mo. of current
June, July, Aug. 4.50 (= 3+ 1.50%) Oc’:eﬂl)rgc' (3 mo. of current

Sept., Oct., Nov. 9.00 (= 34 6.00*) Jar’;.e-aDrIc. {entire next
Dec. 7.50 (= 34 4.50°) A;realr))ec (9 mo. of next

year)t

t You can obtain the Proceenings for the entire year by including with
your application a request to that effect and a remittance of $9.00.

* Associate dues include the price of the ProceepINos, as follows: | year,
5.00; 9 months, $3.75; 6 months, $2.50; 3 months, ‘1.25. This may not
e deducted from the dues payment.

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL

EXPERIENCE

Name ............. ... Neihis £l AT LSO R
Present Occupation .. .. Cimie e W oodsseraitasii,
Business Address ............................. Rt a
SIOGE NGRS Y rmanug e mpwssnvn raisabinss sud dssmasstonca s
Placeof Birth .................. .. . Date of Birth ... .. ..

Baication . gyxa. e sermsim. o446 . br.bovs et e oo .
Degree ...oooooiee oo

TRAINING AND PROFESSIONAL EXPERIENCE

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

4111

Receipt Acknowledged ........ ... Blected ... s, Notified

TO APPLY FOR ASSOCIATE MEMBERSHIP

To Qualify for Associate membership, an applicant must be *
at least 21 years of age, of good chnr:gcte_r, and be interested
in or connected with the study or application of radio science
or the radio arts,

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section. If more convenient, howcvqr, 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 explained in the accompanying remittance
schedule.

Remittance: Even though the IR.E.
Constitution does not require it, you
will benefit by enclosing a remittance with
your application. We can then avoid de-
laying the start of your PRroCEEDINGS.

+

I}

i Your Proceepings will start with the
i next issue after your election, if you en-
: close your entrance fee and dues as shown
H by the totals in the accompanying remit-
H tance schedule. Any extra copies sent in
i 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-
i tire remittance will be returned.

1

1

]

[l

OTHER GRADES are available to
qualified applicants. Those wlio 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 PROCEEDINGS
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 blye 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
s_tam?ed in gold for fifty cents addi-
tional,

INSTITUTE EMBLEMS of fourteen-
carat gold with gold lettering on an
enameled background are available.
The lapel button is $2.75; the lapel pin
with safety catch js $3.00; and the
watch charm is $5.00, All of these are
mailed postpaid.
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(radition into a cocked hat

BY DOING THE JOBS CONVENTIONAL W!RE-WOUND RESISTORS COULDN'T HANDLE

THE unique and exclusive construction of KOOLOHM
resistors has completely revolutionized previous conceptions
of wire-wound resistor design. It has freed engineers from
use limitations which a few years ago they regarded as “nec-
essary evils.”

KOOLOHMS are the only resistors made with wire that is
ceramic insulated BEFORE it is wound. This one feature alone
provides you with advantages that no other wire-wound re-
sistor can give you. It furnishes absolute protection against
shorts and changed values. It makes possible extremely high
resistance values in amazingly small-size units. It permits the
use of larger, safer wire sizes. It permits full-rated wattage
dissipation regardless of resistance value. This ceramic insu-
lation oo KOOLOHM wire is heat-proof to 1000° C. It is

M_&’.ﬁi
Section of KOOLOHM

wire with ceramic insula-

Turnscan't 'swim’’ or
short, when wound
with KOOLOHM cer-
amic-insulated wire.
Insulation has a di-
electric strengeh of 350
volts per mil at 400°C./

KOOLOHM construc-
tion permitspetfect
Ayrton-Perry wind-
ings, As a result, resis-
tors are available hav-
ing negligible induct-
ance, even at 50 10 100

tion removed to show con-
trast between bare and in-
sulated wire. This flexible,
I;eat-;}roo/ insulation is
actually applied to wire at
atemperature of 1000°C.!

moisture-proof and flexible and can either be layer wound or
progressively wound in high density patterns. It allows per-
fect Ayrton-Perry windings, thus reducing inductance to
negligible values, and also permits the design of units with
predetermined inductance values. It makes possible the use of
an extra outer protection in the form of chip-proof ceramic or
shock-proof sealed glass casing. Thus doubly protected they
can be easily and cheaply mounted directly to or against metal
or grounded parts with complete resistor circuit insulation.

Thus, KOOLOHM superiority is not a matter of hair-
splitting differences—it is conspicuously evident in any test
you care to name.

Send for free samples and catalog—today!
SPRAGUE SPECIALTIES COMPANY (Reslstor Division), North Adams, Mass.

KO

WIRE-WOUND RESISTORS
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For more complete information write direct to the factory, Technical data will be furnished without obligation,

Write today ... don't delay!

HEWLETT () PACKARD

BOX 135,

xiv

COMPANY
STATION A, PALO ALTO, CALIFORNIA

s

xi Section Meetings

BaLTiMokE

“Telephone Equipment for the Remote
Control of Radio Apparatus,” by C. }.
Dorr, Engineer, Automatic Electric
Sales Company, May 15.

CINCINNATI

“Patents in the War Program and Future
Possibilities,” by Alden D. Redfield
Legal Department, Crosley Corpora
tion, June 23.

CLEVELAND

“Radio Reminiscences,” by Ralph M
Heintz, Jack and Heintz, Inc,, May 28.

“K Carrier Systems,” by Charles E. Dut-
ton, American Telephone and Tele-
graph Company, June 18.

DETROIT

“The Application of Inductive Tuning to
Ultra High Frequencies” by B. V. K
French, Engineer, P. R. Mallory Com-
pany, May 15,

Air-Raid-Warning Systems,” by Edwin
C. Denstadt, Controller, Air Raid Con
trol Center, Detroit, June 19,

ST1. Louls

“Emergency Telephone Communication
Equipment,” by Newton B. Fowler
American Telephone and Telegraph
Company, May 15.

Membership

The following indicated admissions and
transfers of memberships have been ap-
proved by the Admissions Committece.
Objections to any of these should reach
the Institute office by not later than
October 31, 1942.

Transfer to Member

Atwood, John B., R.C.A. Communications,
Riverhead, L. 1., N. Y.

Becker, Stewart, 611 S. Gilpin St., Denver
Colo.

Johnson, J. F., 4316 Whitman Ave.,
Seattle, Wash

Maser, Harold T., General Electric Co.
Schenectady, N. Y.

McFarlane, Maynard D., Massachusetts
Institute of Technology, Cam.-
bridge, Mass.

Piore, E. R., 325 Central Park West, New
York, N. Y.

Wysotzky, Michael Z., 3355—16 St.,
N. W,, Washington, D. C.

Admission to Member

Bramhall, F. B., Western Union Tele-
graph Co., 60 Hudson St., New
York, N. Y.

Carpenter, D. D., 269 Somerset V.,
Ottawa, Ont., Canada

Dubinin, Alexei V., 1026—17 St.,

N. W, Washington, D. C.

(Continued on page xvi)
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They work together
because they can talk together

Proceedings of the I.R.E.

better .

IT:T

October, 1942

In both the Coral Sea battle

And at Midway,

The Japs were robbed of a sneak attack
By scouting U. 8. fliers,

Who reported back by radlo

Then Uncle Sam’s carrier-based planes,
And land-based bombers

With perfect team work

Plastered the Jap task forces . . .
Giving special attention to

The enemy carriers.

And over the radiotelephones
Of our planes and ships

Came the phrase, "'Scratch oneflat top!”

InTernaTionaL TeLepHoNE AND TELEGRAPH CORPORATION 67 Broud Si, New York, N.Y.

The young American fliers
Were telling the world
Another Jap carrier

Had gone to the bottom!

Modern communications equipment
Designed and manufactured

By I. T. &T. associate companies

Is helping Uncle Sam

Coordinate his fighting forces

On land, sea and in the air.

The broad peacetime experience
Of . T.&T.

In the field of communications

Is proving its value in time of war.

Associate Manufacturing Companies in the United States
International Telephone & Radio Manufacturing Corporarion

Federal Telegraph Company
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N ot so long ago American industry was putting up a
heroic defense . . . a defense against time.

Today that picture has changed. Production “ahead of
schedule” of vital equipment is making it possible fof
our boys to take the offensive. Thordarson is proud of
the part it is playing in producing transformers so vital
to our armed forces in launching a “Terrific Offense.”

THORDARSON

ELECTRIC MFG. CO.
500 WEST HURON STREET, CHICAGO, ILLINOIS

Pransformen Sreccelests Seice /575

Omeial Photographs
U. S. Marine Corps

Membership

Continued from page xiv)

Marathe, D. H., Radio Electric, Ltd.
Laminton Chambers, Bombay,
No. 4, India

McArthur, E. D., General Electric Co.,
Schenectady, N. Y.

Neiman, M. 1026—17 St., N. W
Washington, D. C.

Scully, C. T., 59 Sevenoako Way, St

Pauls Cray, Kent, England

Simons, A. H., 54 Western Elms Ave
Reading, Berks., England

van Dissel, G. F., 30 Fifth Ave.,, New
York, N. Y.

Wallis, Clifford M., University of Mi
souri, Columbia, Mo.

Admission to Associate

The following indicated admissions (or
transfers where indicated as such) to
Associate grade were approved on Sep
tember 1, 1942,

Albee, Charles, Lecomey Plaza, 58 and
Hoffman Ave., Philadelphia, Pa

Anzjon, Arne E., KPFA, Helena, Mont

Austin, Frank M., 3103 Ambherst St
Houston, Texas

Aviles-Brunet  Jesus M., Box 1331
Mayaguez, P. R.

Barber, William H., 201 Barnsdale, Gar
denville, N. Y

Bond, Conrad F. 7804 Linden Rd
Wyndmoor, Pa.

Borgstrom, Howard P>. M., Elcock Ave
Boonton, N. J

Bosman, Elmer H., 140-10 Franklin Ave
Flushing, N. Y.

Brown, Harold A., Box 238, State College
N. M.

Butz, A. Nelson, Jr., 7 Irving Ter., Cam
bridge; Mass.

Carrillo, Efren A., 1301 D. Guerra St., C
Juarez, Chih., Mexico

Cotty, William F_, 36 Innes St., Kimberly,
South Africa

Cranger, Peter, 7285 Sunset Blvd., Holly
wood, Calif.

Curry, William F., 418 E. Bennett St
Springfield, Mo.

Dahl, A. Donald, 215 N. Tenth St
Brainerd, Minn

Davids, Hugh H., 834 Hampton Ave.
Schenectady, N. Y

Den Breems, A., 10 Rockefeller Plaza
New York, N. Y.

Dervishian, Edward, 1440 N. Dearborn
St., Chicago, 11

Dougherty, Raleigh G., 786 Broad St.,
Newark, N. J

Easton, Allan, 32-15—35 St., Astoria
LI,NY

Engh, Dick F., 5001 N. Tenth St., Ta-
coma, Wash

Ewing, Edward » Admiralty Signal
Establishment, G. P. O., London
England

Feyerherm, Marvin P., RCA Manufac-
turing Co., Harrison, N. J.

Fisher, Weston C., No. 3 Wireless School
RCAF,Winnipeg, Manit.,Canada

Fitzhugh, J. V., 1203 Breeden Ave., San
Antonio, Texas

Flockencier, Walter E., 508 N. Columbus
St., Crestline, Ohio

‘Continued on page xviii)
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“GET THE

MESSAGE
THROUGI;;:’

The troops who carry the
crossed-flags-and-torch of
the Signal Corps into combat
are devoted to one essential task —‘'Get the mes-
sage through!”

GAMMATRON tubes, with the same primary mis-
sion, are engineered to maintain communications
under the most trying conditions.

el 20" -

Their sturdy mechanical construction prevents
breakage from handling. Tantalum grids and plates

.. .the absence of internal insulators and ‘‘getter”’ é
... plus improved pumping methods give positive
assurance that these transmitting tubes will not
fail due to accidental or intentional overload.

GAMMATRON tubes improve the efficiency of
any circuit. They require @ minimum of grid ex-
citation, producing an extremely high power gain ’

—_

with few transmitter stages.

Today the unique performance, absolute conti-
nuity of operation, and the long life of GAMMA-

TRON tubes are especially imperative. HK 1054 PLATE DISS. 750 WATTS
MAX. POWER OUTPUT 3000 WATTS

)

e

Write for free booklet **13 Ways to Prolong Tube

Life.” It contains many helpful suggesﬁons—and m"ﬂzm<m’ KAUFMANJ
no advertising except on page 11. GO SAH TRARGICO\_LTO. / CALVORNIA U S A

GAMMATRONS or cousE!

Proceedings of the I.R.E October, 1942 xvii




INDUSTHIAL CONDENSER CORP.
through a new distribution plan enables you to secure small
lots of condensers locally. Conta
district office nearest you:

ct the Industrial Condenser

ADDRESS TELEPHONE NO
Rox 1052

Dallas, Texas Logan 6-1685
117 Water St.

Boston, Mass. Hancock 0200

2024 W. Eleventh St
Los Angeles, Calif.

Box 1202
Asheville, N.C

27 Park Place
New York, N.Y Barclay 7-4977

Rm. 220—Medical

Arts Bldg.

J4th & Broadway

Kansas City, Mo. Westport 5323

1456 Waterbury Road
Lakewood (Cleveland),
Ohio Academy 4932

2434 W. 22nd St.
Minneapolis, Minn
Kenwood 2633

1135 Lincoln Tower
Ft. Wayne, Ind. Anthony 5278

2016 Third Ave.
Seattle, Wash,

Lutz (Tampa), Fla.

6432 Cass Ave
Detroit, Mich.

401 N. Broad St.
Philadelphia, Pa.

Drexel 7163

7149-)

Seneca 1088
99-144

Madison 6300

Walnut 4163

Engineers Attention! Condensers immediately available
from distributors stocks meet Army and Navy requirements

. . . Industrial Condensers are s
vital . . . Capacitors to 150,000 vol
NEW CATALOG.

pecified where precision is
ts—WRITE FOR COMPLETE

INDUSTRIAL CONDENSER CORP.

1725 W. NORTH AVE.

]‘! gz\

CHICAGO, US.A.

Manufacturers of Quality Oil, Wax and
Electrolytic Capacitors

xviii

Membership

Continued from page xvi)

Gittelson, Frank, 118 W. 69 St., New
York, N. Y.

Godscy, Marvin S., Box 232, Culpeper
Va

Goldstein, Joseph E., 110 Belshaw Ave.
Eatontown, N. J

Greenough, Leighton, RCA Laboratories
Princeton, N. |

Hagen, Harold M., 407 W. South St.,

Angola, Ind
Harmon, William R., WMVA, Martins
ville, Va.

Holbrook, R. A., 146 Lawrenceville Rd.,
Decatur, Ga.

Holmes, Leonard O., 9581 Hillhaven Ave
Tujunga, Calif.

Holt, Albert C., 385 Elm St; Oradell
N.J

Hoover, Merle V., 302 \V. Alexandria

Ave., Alexandria, Va

John A., 206 Park St., West

Springfield, Mass.

Javna, Stephen L., 590 Fort \Washington
Ave.,, New York, N. Y

Julian, Charles N., 4914 Holder Ave
Baltimore, Md

Kennedy, William A., 517 Seventh St
Bremerton, Wash

Kerr, George O., 30 Pansy Ave., Ottawa
Ont., Canada

Klahn, Richard H., Radio Laboratories
PPS.N.Y., Bremerton, Wash,

Krieger, Isadore, 2201 \W. 15 Ave., Gary
Ind

Lebenbaum, Matthew T., Radio Research
Laboratories, Harvard Univer
sity, Cambridge, Mass.

Lee, Parkman, c¢/o G. & H. Tailor, 47
Mott Street, New York, N. Y.

Levine, Samuel, 2406 Ballentine Blvd
Norfolk, Va.

Liebson, Sidney H., 2005 O St., N. W,
Washington, D. C.

Lind, David A., 1910—15 N., Secatt!

Houser,

\Wash.

Madsen, R Box 211, Mountain View
Calif

Mecllvaine, Douglas K., Box 292, Short
Hills, N. |

Herbert W., Naval Rescarch
Laboratory, Anacostia, DD. C.
Meilander, Willard 412 W. Gilmore
Ave., Angola, Ind
Miller, Edward A., Acme Electric and
Manufacturing Co., Cuba, N. }
Mumma, Harries A, Jr., 8 Hawthorne
Rd., Bronxville, N. Y.
Newcomb, George O., 142 W\ ilmington P!
S. E., Washington, D. C.
Palimes, Albert 1., 5 Dutton \ve., Catons

McKee,

ville, Md

PPang, Daniel I.., 3321 Martha St., Hono-
lulu, T. H

Patterson, Thomas C., 22 Dryburn Rd.,
Durham Moor, Nr. Durham
England

Place, Roger, 212 Murray St., Ann Arbor,
Mich.

Polster, Norman E., Leeds and Northrup
Co., 4901 Stenton Ave., Phila-
delphia, Pa. (transfer)

Price, William J., 64 Ettrick Ter., Ruther-
ford, N. J.

Continued on page xrit)
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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 coetficient.
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 1.R.E, October, 1942

CENTRALAB: Div. of Globe-Union Inc., Milwaukee,

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 to3000 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.

Wis., U.S. A.




Acoustic
Design
Charts

By
FRANK MASSA, B.Sc., M.Sc.

In Charge, Acoustic Division, Brush
Development Co., Cleveland

THIS VOLUME provides a new

type of handbook containing
an easy to use source of quantita-
tive information on the design of
electrical, mechanical and acousti-
cal apparatus. Several thousand
hours of laborious computations
are reduced to a system of accurate-
ly prepared charts giving the exact
quantitative value.

The book covers the fields of
electro-acoustics, sound transmis-
sion, sound proofing, loud speaker
and horn design, electromagnetic
and permanent magnet horn and
speaker design, mechanical vibra-
tions and isolation of vibrating
machinery, electric circuit and field
coil data, etc. It contains 107 full
page charts with over 750 accurate-
ly plotted curves. About 100 sam-
ple problems illustrate the use of
each chart.

228 Pages. $4.00 (1942)

OLSON AND MASSA

Applied Acoustics

2nd Edition
By H. F. OLsoN and FRANK Massa
278 lllus. 494 Pages. $5.50 (1939)

THE
BLAKISTON COMPANY
Philadelphia

xx

. ... Accuracy and
dependability are

built into every
Bliley Crystal Unit.

Specify BLILEY for

assured. performance.

— ' QUARNVZ

-~

e ¢ RIS TAIIIS

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING ERIE, PA.

BINDERS FOR THE PROCEEDINGS

Protect your file of copies
against damage and loss

Binders are available for those who desire to protect their copies
of the PROCEEDINGS with stiff covers. Each binder will accommo-
date 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 bind-
ers. They are so constructed that each individual copy of the Pro-
CEEDINGS 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: $1.50, either size (specify which)

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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Q_//ANY of you now engaged in vital

war work have long been familiar with
the dependability of Ohmite Products.

Their wide use in planes, tanks and ships,

in walkie-talkies and field. units, in com- /
munications, test apparatus and other // fa %
electronic equipment, gives you added / : 3 A ‘
assurance in dealing with today’s resis- 4 Ay

tance-control problems. It is also the
best assurance for their application in
the development of new devices to defeat
the enemy and build for tomorrow’s

peace. Units produced to Government

.......
e

specifications or engineered for you.
\

1 \
G\m 7 LRI AT ¥
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Contams us’eful rqf*bqte tableﬂ me

OHMITE MANUFACTURING COMPANY L4

4860 Flournoy Street  *  Chicago, U. S. A
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Tl{ Jhis sn ¥ a
éx One - Man b/

Never has there been a time demanding more teamwork and coopera-
tion—not only within one’'s own organization but also between
consumer and supplier.

Our hearts and resources are in this job one hundred percent to a
victorious finish!

Call on us for ELECTRICAL, CORROSION, and HEAT-RESISTING
ALLOYS®, also ""BERALOY 25" {beryllium-copper}—and find out what

teamwork really means!

*Avoiloble in rod, wire, ribbon ond strip—both hot ond cold rolled.

) WILBUR B.DRIVER CO.
NEWARK, NEW JERSEY
Manufacturers of “TOPHET"'* the Nickel-Chrome Resistance Wire

®TRADE MARK REG. U. 5. PAT. OFF.

Membership

Continued from page rviii)

Reade, Ralph B., R 3 Laboratory, Inter-
national Telephone and Radio
Laboratories, 67 Broad St., New
York, N. Y

Riegger, W. Joseph, 1136 Neal St., N. E.
Washington, D. C.

Roberts, Charles E., 4235 Huntley Aqe
Culver City, Calif.

Rodenburg, John R., Midland Radio and
Television Schools, Inc., Athens,
Ga.

Sastry, N. S, T. S. Adyar, Madras, India

Saylor, William R., 119 Holden Green
Cambridge, Mass

Schmitz, Maurice W., 536 N. Hayworth
Ave., Los Angeles, Calif.

Shanck, Roy B., 134 Manor Rd., Doug-
laston, I.. 1 Y

Sholand, Steve 0., 1422 Foster Ave.
Chicago, 111

Shreve, Leonard, 3217 N. E. Everett St
Portland, Ore.

Shufer, Max, 939 Longfellow St., N. W
Washington, D. C.

Singleton, Julius K., Seville Apt. Hotel,
Sioux Falls, S. D.

Smith, F. A. B, 4215 Alton Place, N. W.
Washington, D

Stelzenmuller, G Jr., Box 142, Grand
Island, Neb.

Stephens, Helen, 179 Maple Ave., Red
Bank, N. |

Steppler, Robert V., 1122 Catalina Bivd.
San Diego, Calif.
Tague, William T., 42 Ferguson Place
Box 174, Ramsey, N. |
Taschner, Vern M., 6347 Ivarene Ave.,
Hollywood, Calif.

Thaler, Samuel, 4933 Pulaski St.. Phila
delphia, Pa

hompson, James F., 2423 S. 27 St,,

Arlington, Va

T'horson, Harry L., General Electric Co.,
Schenectady, N, Y.

Tirrell, Clyde \V., 3128 Newton Ave., San
Diego, Calif.

Travis, Edward F., 147 Sacandaga Rd
Scotia, N. Y.

Voelpel, John, 248 E. Jamaica Ave., Val-
ley Stream, N. }

Webb, Haywood E., Jr., Box 468, Tuske-
gee Institute, Ala

Weiss, Milton L., 60 Lithgow St., Dor-
chester, Mass.

Wesenberg, Corbit M., 120 N. Forest
Ave., Rockville Center, L. I.,
N. Y

Whittier, Carl 1., 31 Summer St., Nahant
Mass,

Williams, Arthur D., 2725 Inglewood Ave.
Baltimore, NMd

Williams, John R., 4042 First St., N. W,
Washington, D. C.

Witt, Marcus K., Jr., 106 Cedar St.,
Hempstead, L. 1., N. Y

Wright, David I., 257 Nassau St., Prince-
ton, N. J. (transfer

Yelsky, Benjamin, 1004 Eastern Pkw
Brooklyn, N. Y.

Young, Earl S, 2908 Beaumont Rd
Louisville, Ky

Zimet, Burt L., 2540 E. 24 Sr., Brooklyn,
N. Y.
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ince the curtailment of civilian radio
production, RAYTHEON engineers and
scientists are devoting all their energies to
designing and building special tubes for to-
day’s important electronic developments.
It has long been the opinion of our research
engineers that special electronic services
required tubes designed for their individual
application. RAYTHEON'Snew development
work is going forward with amazing speed.

This new challenge for special tubes of
intricate design to meet the rapidly expand-
ing use of electronic devices is being met
by our engineers in the same manner with
which we, in the past, produced tubes for
civilian use.

Our laboratories will, when this conflict
is past, produce the latest design in tubes,
incorporating many new principles in elec-
tronic engineering.

For military reasons, the tube shown is not a new development

— <y
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Raytheon Manufacturing
Company

Waltham and Newton, Massachusetts

DEVOTED TO RESEARCH AND THE MANUFACTURING
OF TUBES FOR THE NEW ERA OF ELECTRONICS
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TELICON

o e czle iz

Design, Development and Manufacture

of

SUPERSONIC

INSTRUMENTS
jot all a/a/a/ication.‘! in

Defense, Industry, Science,

Medicine, Short Time Measurements.

.gngm'tiu Welcomed
305 East 63rd Street, New York City

xxiy

SOLAR MANUFACTURING CORP., BAYONNE, N. J.

Q“% above ofl..

Solar's latest complete presentation.
laid out and edited to save time for
busy engineers and techniclans. Your

copy available upon letterhead request.

CAPACITORS

CATALOG 12 - SECTION ¢
4

TELESCOPING
ADJUSTABLE
ANTENNAS

That Meet the Specifications
Of All Branches of the

Armed Service

For convenience, durability

| and satisfactory performance

under most trying conditions,
Premax Telescoping Adjustable
Antennas are meeting every
test in the service of the Armed
forces.

Standard designs and mount-
ings or special equipment to
meet specifications.

Let Premax help you with
your antenna problems. Get the
Bulletin of Standard Antennas
and Mountings.

/%IIIUX ﬂﬂ%lﬂ)é’

DIVISION OF

CHISHOLM-RYDER CO., INC.

4301 Highland Ave., Niagara Falls, N.Y.
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Standard units: 600, 1000
and 1500 v. D.C.W., 1 and
2 mfd. Also 2000, 2500 and
3000 v. DCW. 1 and 2

mfd
o

Can sizes: 2, 2V and 3" dia.
by 234 10 5Y4" 1all.

Unusual requirements can he
met by special types made to
your particular specifications

or needs
[ ]

Type 05 is one of several
types of Hyvol or high-vol-
tage oil-filled capacitors in
round and rectangular con-
tainers, and in working voli-
ages up to 7500 D.C.W.

Also the high-voltage 20"
eries in wvoltages up 1o
50,000 D.C.W

BEDFORD, MASS.,
NEW P s A

Sales Offices in Al
principal Cities

® This popular round-can oil-filled
transmitting capacitor has donned
fighting clothes “for the duration.”
Gone is the shiny aluminum can, for
aluminum is a premium war metal
that must be conserved. In its place
is the fighting touch of gray paint pro-
tecting the ribbed and reinforced steel
can.

It’s a still tougher capacitor, this war-

time Type 05. The high-voltage ce-
ramic insulators slip over screw-stud

assemblies including rubber bakelite
washers and lock nuts for a perfect
electrical and mechanical construc-
tion. The three-point support of the
adjustable mounting ring means rigid
upright or inverted mounting with
terminals at top or bottom, any height
above or below chassis. In its fighting
togs this Type 05 is a tougher capaci-
tor indeed for the toughest wartime
applications. And it is typical of other
Aerovox “Victory” or wartime types.

fiave you our Transmitting Capacltor Catalog listing
and describing the heavy-duty types? If not, write on
business stationery for your copy. Submit your capaci-

tor problems.
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FIGHTING FRONTS OF FREEDOM

The men and women of the Remler Company
are greatly honored to be named in the first list
of firms to receive the new Army-Navy Produc-
tion Award for “high achievement in the
production of war equipment.” e This recogni-
tion by our War and Navy Departments is a
source of inspiration and a challenge for the
future. ® To our armed forces on far-flung
battle lines, we send this message: “"We pledge
ourselves to our tasks at desk and bench
in order that we may be worthy of your gallant
bravery on the fighting fronts of freedom.”

-ﬁnnoanc[ny & éommam'cat[on fgu[pmmt
f/ectz[ca/ )-/]/afj . éormectou . -ﬁcceﬂoz[ej

*

REMLER
éom/adny. ,Zz‘/

19TH AT BRYANT ST. « SAN FRANCISCO, CALIF.

NXvi

Army-Navy “E” Honor Roll

History of the Army- Navy “E” Award
In 1906 the Navy instituted the “E”
pennant as an award for excellence in
gunnery, and later extended this to engi
neering and communications. Prior to
Pearl Harbor the Navy gave the award
to a few firms and organizations which
showed excellence in producing ships
weapons and equipment H(;r the Navy.

Since Pear] Harbor, the Army and Navy
have joincd together in making the award
to both plants and their employees, who
working as a team and given “‘excellent’’
performance in winning the production
battle and thus have proven their patriot
1sin and grim determination to serve their
country.

Manufacturers serving the radio industry
have ranked high in their war production
cffort. Sixteen of these irms have won the
honored Army-Navy “E’ Award, as com
pletely as the ProceepiNGs could com-
pile the information up to September 14th.
Following is a list of these firms, and some
detail about the presentation ceremonies.
We hope to be able to add to this list in
another month, and will welcome in
formation

American Lava Corporation received the
award flag on August 17, 1942 at Chat
tanooga, Tennessce. Col. Willis R. Lans-
ford represented the Army and Navy in
making the award, and Paul J. Kruesi
President, accepted the flag. I.t. Cecil F
Hackney, U. 8. Navy presented the pins
to each Alco employce.

Bell Telephone Laboratories held its cere
nony in the Bell Auditorium in New York
September 16, 1942. Col. Rex V. D. Corput
of the Signal Corps, Camp Evans, N. J.
presented the Award Flag to President
Oliver E. Buckley and Lt. John L. I.odge,

Navy awarded the ‘emplovee pins
which were accepted by Eric Weil, Presi
dent of the Bell Telephone Laboratories
Employees Association, and Franklin A
Korn of the technical staff.

Belmont Radio Corporation received the
award at Chicago, September 10, 1942
from Col. Thomas L. Clark, Chicago
Signal Corps, Procurcment District, and
I.t. Com. J. M. Ross, Commander 4th
Naval Reserve Arca. \W. L. Dunn ac
cepted for the company and Raymond
Kwidzinski and Albert Weise for the em
ployees. This firm is particularly proud
of the part played in winning the award
by 30 physicaliy handicapped employees
who have found at Belmont that they can
serve their country by energetic produc-

| tion.

Bendix Radio Division of Bendix Aviation
Corp. received the coveted Army-Navy
“E" at Towson, Md., August 10, 1942,
from Gen. Roger B. Colton, U. S. Army
and Lt. Com. George W, McCormick, U S.
Navy. Hugh Benet, Division Manager ac
cepted this pennant, one of the first

I awarded communications firms. Fred | loep-
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METERS ~ POTENTIOMETERS « RHEOSTATS

Nere fz:y/ana’ Aleneele-Men f};('(/ﬁ/ Jf(yaa’n.’

These modern “"minute-men” are the precision, dependable elec-
trical instruments designed and manufactured by the DeJur-Amsco

Corporation. They're serving America in our Armed Forces as well

as in hundreds of factories from coast-to-coast. Full-scale produc-

tion permits us to help you immediately with your war contracts.

If you have any special problems, let us hear from you.
Write, wire or phone for new Catalog 1-61, Dept. IR.

Army-Navy “E’’ Honor Roll

rich and John Cole accepted for Bendix
employees whose efforts have helped
Bendix reach the "million dollars a day”
mark in radio equipment production for
the government.

Henry L. Crowley & Co., Inc. of West
Orange, N. ]. received the Army-Navy
“E" pennant on September 4, 1942 from
Brig. Gen. A. A, Farmer, Commanding
Officer, Philadelphia Signal Depot. In his
acceptance of the honor, Henry L.. Crow-
ley, pledged his organization to the win-
ning of the addition of a star to the pen-
nant by the end of the next six months
“a practical token of appreciation for
what our armed forces are doing on many
battle fronts.”

Eitel-McCullough, Inc. San Bruno, Calif-
officially won the Army-Navy “E” on
September 4th but the award ceremony
took place September 10th, Eimac’s
eighth anniversary. Col. Ira H. Treest,
U. S. Army made the award to the firm,
and Capt. A. B. Court, U. S. Navy (Ret.)
presented the employee pins. W. W. Eitel
and J. A. McCullough accepted for the
company. Bill Eitel now manages the new
Eimac plant at Salt Lake City while Jack
McCullough handles the San Bruno or-
ganization.

Galvin Manufacturing Corp., Chicago,
Illinois won the Army-Navy “E” for pro-
duction of radio communications equiI{.)‘
ment in excess of quota expectations. The
award ceremony took place September 8,
1942 at the Motorola plant in the presence
of all employees and Paul V. Galvin,
President.

(Continued on page xxx)
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DeJug flsco’

SHELTON, CONNECTICUT

(rroration

All of us at the Hallicrafters
are both proud and humble to
have important assignments in
defeating America’s enemies.

That our efforts have justified
the award of the famous Army-
Navy “E” flag is a great honor.
We shall keep it proudly flying.

all of the hallicrafters
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An Unending|

CREI Courses in Practical Radio

Engineering Are Under Constant

Revision to Meet the Ever-New

Developments of the Radio Art

There will never be a “completed”
CREl home study course. We will
never be content to “let well enough
alone.” That is why our texts are pre-
sented in loose-leaf binders for con-
stant addition and revision. New ideas,
new equipment, new methods are con-
stantly changing the radio scene and
to keep pace with this progress CREI
is constantly revising and modernizing
its lesson material.

This is a never-ending task for our
competent staff of outstanding engi-
neer-instructors, headed by Mr. E. H.
Rietzke. Today, Mr. Rietzke is still
writing new lessons and revising older
ones, assisted by a highly qualified
staff of radio engineering specialists.
CRE!I training is built on 2 sound
knowledge of modern radio engineer-
ing practice. Behind the scenes, CREI
is making a constant effort to improve
that which already has proven good.
This is slow, exacting and arduous
work, but the results are far-reaching
in eftect, as shown by the accomplish-
ments of our students and graduates.

The entire CREI home study course
includes 120 complete lessons. Our
schedule requires a thorongh revision
and new primting of all lessons at
frequent intervals. Very rarely does a
CREI lesson, when issued, show a
copyright date older than two years.
ONLY by such methods can radiomen
be assured of adequate up-to-date les-
son material.,

“Since 1927"

CariToL RADIO
ENGINEERING INSTITUTE

E. H. RIETZKE, Presidens

Home Study Courses in Practical Radio FEngineer-

ing for Professional Self-Improvement

Dept. PR.10, 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

xXXviii

|

The following positions of interest to LR E.
members have been reported as open. Ap-
ply in writing, addressing reply to com-
pany mentioned or to Box

Qo sensvanses

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

INSTRUCTORS IN RADIO AND
ELECTRICITY

50 civilian instructors needed immedi-
ately for Army Air Forces Radio Instruc-
tor School. Subjects of instruction: Direct
current and alternating current electricity,
vacuum tubes, standard radio receivers and
transmitters; international Morse code,
telegraph and radiotelephone procedure.
Salaries follow Civil Service starting from
$2,000 per year. State experience, educa.
tion, code speed, personal data, IPositions
open immediately. Saint Louis University,
Army Air Forces Radio Instructor School,
221 N. Grand Boulevard, Saint Louis,
Mo. A. H. Weber, Technical Director.

PHYSICIST OR RADIO ENGINEER

Man to manage development group.
Knowledge and experience in design of
electrical measuring &quipment particularly
in ultra-high-frequency field essential. Per-
manent position. Write full particulars.
Boonton Radio Corporation, Boonton, N.]J.

RADIO ENGINEERS

Large New York City plant has excel-
lent opportunities and immediate employ-
ment for those who can qualify as fore-
men, leaders, or designers in the produc-
tion of aircraft radio equipment. Electrical
engineer's degree or equivalent, with ex-
perience in manufacture of electronic
equipment required, Lesser positions in
many other classifications available for
those lacking above qualifications. Send full
details to Box 277.

COMMUNICATIONS ENGINEERS
AND PHYSICISTS

The Stanolind Oil and Gas Company
maintains an extensive research and de-
velopment laboratory primarily devoted to
the research and development of instru.
ments and processes for geophysical pros-
pecting. A large staff of physicists and
communication engineers including men
experienced in radio is provided, Recently
this Laboratory has undertaken a number
of defense research contracts with the Na-
tional Defense Research Committee, Naval
Ordnance Laboratory and other defense
organizations, and is anxious to hire ad.
ditional personnel in order to utilize to the
full extent the facilities of the Lahoratory
in defense work., Men hired for this pur.
ose will immediately devote their time to
hoth defense and geophysical activities, al-
though as time goes on, it is expected their
work will become more and more com-
pletely defense research. Positions are
available for rescarch development and
supervisery activities. The positions avail-
able will in _most cases he considered per.
manent positions, Stanolind Oil and Gas
Co., P’hilcade Bldg., Tulsa, Okla.

CRYSTAL TECHNICIANS

An organization with crystal plants on
the \West Coast and in Middle West needs
capable hard working men hoth experi
enced and unexperienced to work in mak-
ing crystals, Excellent opportunity for men
to become associated with a smaller con-
cern that they will enjoy working for. Good
pay. Excellent opportunities with this con-
cern after the war. Robert E, Henry, 233§
Westwood Blvd., West Los Angeles, Calif.

*Micro-Dimensional

WIRE & RIBBON

for

VACUUM TUBES

In a complete range

of sizes and alloys
for Transmitting, Re-

ceiving, Battery and

Miniature Tubes

Melted and worked under
close supervision to assure
maximum uniformity and

tensile strength .

WIRES

drawn to .0005” diameter )

rolled to .0001” thick

SPECIAL ALLOYS

made to meet indi-
vidual specifications

Inquiries Invited

Write for list of stock alloys

SIGMUND COHN

44 GOLD ST. NEW YORK
A
SINCE @ 1901
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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 for 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, Electrical, 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.DD. 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 work 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. Moore, Naval Ordnance Laboratory,
Washington, D.C.

CRYSTAL ENGINEERS

A New England organization requires
the services of a highly experienced engi
neer on finishing and calibrating quartz
crystals, Also need several assistants. Box
272

Attention Employers . . .

Announcements for “Positions Open’ are
accepted without charge from employer
offering salaried employment of engineer
ing grade to I.R.E. members, Please supply
complete information and indicate which
details should he treated as confidential
Address: “POSITIONS OPEN,” Institute
of Radio Enginecrs, 330 West 42nd Street,
New York, N.Y.

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

Pr

eedings of the | .R.E October, 1942

Over 40 Standard and Many Special Designs.
... Resistance Range: 0.001 ohm to 10 meg-
ohms. . . . Accuracy: Tolerances as close as
0.05%. . . . Supplied on ceramic, metal or
synthetic forms. ... Inductive or Non-Inductive
windings. . . . Wound with the alloy you spe-
cify. . . . With any insulation commercially
available. . . . A variety of terminals and MEMBER
mounting facilities. . . . Impregnated against
moisture and high humidity. . . . Address
Dept. No. 23

HALLCROSS MFG. CO.

COLLINGDALE, PENNA.
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Tell us what you want the transformer

to do, and we'll supply a design with

outstanding performance features.
public address

‘ I systems and

other radio aprlications are preferred for
their serviceability under climatic variations
from below zero to 120° in the shade..

For
Example

Acme com-
pound filled
transformers for
short wave com-
munication,

or Maybe This Style

Here are a group of air-borne transformers.
Made to Acme quality standards for opera-
tions unginsﬁ!vom sea level to B miles plus
in the air. r such service there can be
no compromise with quality.

Space Saver

Long, flat and narrow. This is one of the
I5 different styles of Acme fluorescent lamp
ballasts. Do the physical dimensions of
your needs compare with this? Write Acme.

Heavy Duty
Transformers

Where ruggedness is an
asset. The Acme line of
air-cooled transformer
designs in & range from
1/10th to 50 KVA can
be used as a basis for
building your heavy
duty special purpose
transformers. What's
our transformer prob-
em?

;-LT!E ACME ELECTRIC'& MFG.'
Amm_ 4 Water Stroet T, Caba! New, York

o0.

;%

Acme<Btloctric

E R S

Army-Navy ‘“E’’ Honor Roll

(Continued from page xxvii)

Hallicrafter Company of Chicago received
the Army-Navy “E” citation on Septem-
ber 9, 1942 at the Hallicrafters Main
Plant. Col. Thomas L. Clark, Officer in
Charge, Chicago Signal Depot made the
award, W. J. Halligan, President accepted
for the company and Dolores Yager and
Robert Foss for the employees.

Philadelphia, Pa. is among the leading
radio and allied organizations to whom has
been awarded the coveted Army-Navy
Production Award. The symbolic “Army-
Navy “E” or excellence Lx-nnant, to be
flown over the plant, and the lapel buttons
for employees were formally presented on
September 15, 1942 at ceremonies at the
103rd Engineering Armory, attended by
{ 2000 IRC employees. Brig. Gen. A. A.
Farmer, U. S. Army and Lt. Com. Joseph
L. Tinney, U. S. Navy made the award.

Three Philco Corporation Plants win the
Army-Navy “E.” Brig. Gen. A. A,
Farmer, U. S. Army, made the award at a
ceremony attended by 7000 employees and
their families of the Philadelphia plant.
Similar awards will be made October 7th
to the Storage Battery Division at Tren-
ton, New Jersey and October 9th to the
Philco plant at Sandusky, Ohio.

Remler Company, Ltd., San Francisco,
Calif. was on the very first list of firms to
win the Army-Navy “E.” The award was
made August 8th and on September 4th
Remler employees took time between the
day and swing shifts for a ceremony at

them the official “E” buttons, while Col.
Ira H. Treest presented the pennant for
the plant to E. G. Danielson, president.
A dinner for the official guests and em-
ployees followed. The ceremony also
marked the opening of a new 20,000 sq.
ft. addition to the present manufacturing
facilities,

Western Electric Company has received
the Army-Navy “E” award for all its
plants, the Hawthorne Works in Chicago,
the Point Breeze Works in Baltimore, and
the Kearny Works at Kearny, N. J. At a
ceremony August 28th at the Point
Breeze Works Maj. Gen. Roger B. Colton
made the award to the workers and C. G.
Stool, company president. Just 25 years
before, in August 1917 Western Electric
demonstrated radio two-way communica-
tion between a ground station and aero-
plane at Langley Field, Va. So it was
fitting that a flight of combat planes cir-
cling the plant as the pennant was raised
dipped their wings in salute at a radio
command given by Cen. Colton.

Westinghouse Electric and Manufacturing
Co. received the Army-Navy “E” pennant

International Resistance Company of

[

which Lt. Com. L. L. Wardell awarded ‘

for five Pittsburgh area plants. Selected to |

receive the awards were the Transformer
Division at Sharon, Pa., and the East
Pittsburgh Division which includes the
porcelain plant at Derry, Pa., Nuttall
Gear Works, Pittsburgh and plants at East
Pittsburgh and Trafford, Pa. Rear Ad-
miral William Carleton Watts, U. S.
Navy, made the awards. The giant East
Pittsburgh Division is running 60 per cent
ahead of 1941. At Sharon, three 50-year
veterans represented the employees in re-
ceiving the “E” buttons, Henry C. Bert,
l James T. Burke and James R. Stevens.

' Weston Electric Instrument Co., of

Newark, N. J. received the Army-Navy
| “E” Award at a ceremony conducted on
| September 29th.

L.
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Available

Standards

KADIO WAVE PROVAGAT

-

)

3a)

3b)

4a)

4b)

5)

6)

7

9)

10)

cou

Prices are net and inc

(IR O TR

1942

Price

Standards on Electroacoustics,
Definitions of Terms, Letter and
Graphical Symbols, Methods of
Testing Loud Speakers, (vi+437
pages, 6X9 inches.)

Standards on Transmitters and

Antennas: Definitions of Terms,

1938 s e e e e s e . o
A Reprint (1942) of the like-
named section of *“‘Standards on
Transmitters and Antennas, 1938."
(vi48 pages, 8% X11 inches.)

Standards on Transmitters and

Antennas: Methods of Testing,

1938 . | e e R » o YiE a e oS $0.
A Reprint (1942) of the like-
named section of “Standards on
Transmitters and Antennas,
1938." (vi410 pages, 8% X1l
inches.)

Standards on Radio Receivers:

Definitions of Terms, 1 $0.

A reprint (1942) of the like-
named section of ‘‘Standards on
Radio Receivers, 1938." (vi46

pages, 8% X11 inches.)
Standards on Radio Receivers:
Methods of Testing Broadcast Ra-
dio Receivers, 1938
A reprint (1942) of the like-
named section of “Standards on’
Radio Receivers, 1938.” (vi420
pages, 8% X1l inches.)

Standards on Radio Wave Propa-

gation: Definitions of Terms, 1942.$0.20

(vi+8 pages, 8% X1l inches.)
Standards on Radio Wave Propa-

gation: Measuring Methods, 1942..$0.50

Methods of Measuring Radio
Field Intensity, Methods of
Measuring Power Radiated from
an Antenna, Methods of Measur-
ing Noise Field Intensity. (vi+16
pages, 8% X11 inches.)
Standards on Facsimile: Defini-
tions of Terms, 1942
(vi+6 pages, 8% X 11 inches.)
ASA STANDARDS
(Sponsored by the I. R. E.)
American  Standard: Standard
Vacuum-Tube Base and Socket Di-
mensiong $0.
(ASA C16.2—1939). (8 pages,
734X 1054 inches.) pages
American Standard: Manufactur-
ing Standards Applying to Broad-
cast Receivers .......
(ASA (C16.3—1939).
73X 1054 inches.)

(16 pages,

ntry. Include remitt
ress:

THE INSTITUTE OF

RADIO ENGINEERS, Inc.
330 West 42nd Street, New York, N.Y.

Proceedings of the I.R.E.

R.E. Standards

lude postage to any
ance with order and
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v: A decade ago the cathode-ray oscil-
lograph was a scientific curiosity. A
few such costly instruments were in
use, in leading laboratories, entrusted
to skilled technicians.

Then came the first DuMont cathode-
ray oscillograph, Simplicity, practica-
bility, economy—those were the car-
dinal features. And thcse very features
soon attracted universal attention.
Thus the DuMont cathode-ray oscil-
lograph became indispensable equip-
ment not only in laboratories but also
in factories and out in the field.
Today the DuMont name is synony-
mous with cathode-ray oscillography.
That name is your assurance of the
latest refinements in this firmly-estab-
lished technique.

% Write for literature . . .

aUMONy

ALLEN B. DU MONT LABORATORIES, INC.

Passaic, New Jersey

Ceble Address: &=
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Are you weak
on WAVES?

You don’t peed to be. Did you know
there is a new book on the Funda-
mentals of Electric Waves? Make a
study of this book, and you will de-
velop a concrete conception of electric
waves. You clear up any hazy notions,
and learn the subject thoroughly so that
you can apply your knowledge. Electric
waves have recently become of practical
importance to engineers and radio men
—not only physicists. Here is one book
which serves the engineers’ need.

The volume is arranged for those who
do not necessarily have any previous
knowledge of electromagnetic theory.
General college physics and mathe-
matics through calculus are enough. It
is a small book—186 pages. This is the
result of rigorous elimination of non-
essential material. If you want a book
to give you basic ideas, and help de-
velop your ability to work with electric
waves, this is your book.

By HUGH HILDRETH SKILLING

Professor of Electrical Engineering
Stanford University

FUNDAMENTALS
OF ELECTRIC

WAVES

JOHN WILEY & SONS, INC.
440 Fourth Avenue, New York, N.Y.

Please send me, on ten days’ approval, a
coeé of Skillin s FUNDAMENTALS OF

CTRIC WA rs At the end of that time,
if 1 decide to keep the book, I will remit
$2 75 plus postage; otherwise I will return
the book postpaid.
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RESTS DURING STANDBY PERIODS

Mean Longer Life For Your Transmitting Tubes

It pays to let transmitting tubes “'take it easy” during
standby periods! Even though such care might not be
considered normally, it now looms important in gaining
the last possible hour of operation from tubes that may
be difficult to replace.

HEATER-CATHODE TYPE TUBES —Where some oper-
ating delay can be tolerated, it is a good practice to drop
the heater voltage as much as 20% during long or fre-
quent standbys. This conserves the cathode and mini-
mizes contamination of the grid by active material
evaporated from the coating.

TUNGSTEN AND THORIATED-TUNGSTEN-FILAMENT TYPE
TUBES — Every time a filament is turned on or off, it
passes through a temperature range in which it has
reduced strength. This repeated action may cause warp-
ing and, eventually, grid-filament shorts. Rather than
turning off the filament during short standbys,
reduction of filament voltage to 80% of normal
will prevent warping, will enable the filament
to come up to operating temperature quickly,
and will avoid evaporation of emissive material.

During standby periods, tubes using thoriated-tungsten
filaments should have their filament voltage decreased to
80% of normal provided the periods are of less than 15
minutes' duration. For longer standby periods, the fila-
ment voltage should be turned off.

Tubes using tungsten filaments should have their fila-
ment voltage decreased to 80% of normal for standby
periods of less than two hours. For longer periods, the
tubes should be shut down. At reduced voltage, a tung-
sten-filament tube will last about ten times as long as at
normal voltage. Its hot filament also acts as a “getter” to
maintain a high vacuum within the tube.

Care should always be taken in starting up tungsten
filaments, and never should the filament current exceed,
even momentarily, a value of more than 150% of normal.
W herever possible, it is wise to operate the filaments of
all types of tubes on the low side—perhaps 5% down
when only light loads are involved. As previ-
ously explained, even this small reduction may
actually double tube life—a mark well worth
shooting at these days, even at the possible cost
of some slight decrease in station efficiency.

Tharnsmitting Tubes

Proceedings of the 1.R.E.



C-D's SERVE WITH THE NIGHT WATCH

TODAY'S ¢-D Capacitors Speed Victory. ..

TOMORROW’S ¢-D Capacitors assure more hours of use

per dollar for AMERICAN INDUSTRY. ..

Somewhere along the Coast, “giant
ears” pick up an approaching plane.
A calculator fixes the plane’s position.
Shafts of light stab the black, spotting
a perfect target for anti-aircraft gun-
ners. Here, as in a hundred other
electrical and electronic devices on
critical war duty, C-D Capacitors are
meeting the enemy challenge.

C-D extras — extra stamina, ex/ra
dependability, extra long life —have

made C-Ds the most widely used ca-
pacitors in the world. Today, cumula-
tive war-spurred “impossible” im-
provements and applications promise
measureless peacetime benefits; giv-
ing new and richer meaning to C-D’s
well-known pledge to industry of
“more hours of capacitor use per
dollar”. Cornell-Dubilier Electric Cor-
poration, South Plainfield, New Jersey.

* K *

 Cornell Dubilier Capacitors

“‘i?
Dykanel Transmitter Capaciters
copied * imitated
bus mever duplicated
Type TJ series filter capacitors
are the most dependable units
for use in transmitters and power

supply equipment.

These units are filled with non-.
explosive, non-inflammable Dyka.
nol and hermetically sealed. Con-
servative voltage rating permits
safe operation at 10% above rated
voltage. Available in DC
ing voltage ranges from 600 to
6000 volts.

Described in Catalog No. 160T
free on request.

MORE

IN USE TODAY THAN ANY OTHER MAKE
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Dependable Service

The maintenance of all types of radio communica-
tion systems requires accurate and reliable test equip-
ment. The General Radio Company has always
specialized in the design and manufacture of this
type of equipment.

The accuracy and rugged construction of General
Radio instruments have won for them particularly
wide acceptance among airlines—including the
world-wide Pan American Airways System—to
whom reliable radio communication is vitally im-
portant. Wartime conditions have given the airlines
an urgent and difficult transportation job, which
means that test equipment must often be used
“around the clock.” General Radio instruments are
built to stand up under these unusual demands.

GENERAL RADIO COMPANY

General Radio standard-signal generator and output meter in use
in radio test and repair shop at Pan American Airways’ hangar
at LaGuardia Field.




