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High -Gain Amplifier for 150 Megacycles*
G. RODWINt, MEMBER, I.R.E., AND L. M. KLENKt, NONMEMBER, I.R.E.

Summary-An ultra -high -frequency amplifying system is de-
scribed which operates at about 150 megacycles with an over-all gain
of 114 decibels and transmitted band of over 2 megacycles. An output
Power of 2.5 watts is available with a signal -to -distortion ratio of 60
decibels. By a frequency -shifting modulator in the amplifier chain the
input and output are made to differ by 10 megacycles. A filter -type
circuit is used as the interstage coupling to give the necessary band
width.
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amplifying systems. The requirements for these
amplifiers are that they provide substantial gain for
frequency band widths on the order of those required
for television, frequency modulation, multiplex teleph-
ony, etc., and that the distortion be low.

An amplifier of this type is described below. It oper-
ates at 150 megacycles, has a gain of about 115 decibels
over a band 2 megacycles wide and the signal -to -dis-
tortion ratio is 60 decibels at an output of 2.5 watts.

I. GENERAL THEORY AND CIRCUITS

The tubes chosen as best meeting the requirements
were of two types: An acorn -type receiving tube of the
pentode variety, and a medium -powered experimental
tube (Western Electric type 240HH).' This latter tube
is a push-pull pentode with an operating plate dissipa-
tion of 30 watts. The choice was determined by the
desire to keep the power requirements as low as possi-
ble and yet meet the distortion limits at 2.5 watts of
radio -frequency output. There were five stages using
the smaller tube and a modulator and five stages using
the larger tube.

Without neutralization the maximum gain per stage
is limited by the plate -to -grid capacitance in the
tubes.' In a practical amplifier the gain must be re-
duced well below the limit set by considerations of
stability and band width. At low frequencies the gain
per stage is determined by the impedance of the circuit
associated with the plate of the tube. The impedance of
this circuit is shunted by the input impedance of the
following stage and when the frequency is high this
may be important. It has been found that the imped-
ance of a tube at ultra -high frequencies varies to some
extent with input and this variation is one of the causes
of distortion. In order to minimize this effect, it was
necessary to make the circuit impedance low compared
with the tube input impedance.

As a matter of fact the stage gain, tuning capaci-
tance, and band width are intimately related. This can

* Decimal classification: R363.1. Original manuscript received
by the Institute, January 16, 1940.

t Bell Telephone Laboratories, New York, N. Y.
1 A. L. Samuel and N. E. Sowers, "A power amplifier for ultra-

high frequencies," PROC. I.R.E., vol. 24, pp. 1464-1483; November,
1936.

2 A. W. Hull, "Measurement of high -frequency amplification
with shielded grid pliotrons," Phys. Rev., vol. 27, pp. 439-454;
April, 1926.

be shown very simply by the following reasoning: For
a given tube of the pentode variety in which the plate -
load impedance is small compared with the tube im-
pedance, the gain per stage is given by the product of
the grid -to -plate transconductance and the load im-
pedance, i.e., gain =G,,Z. If the load circuit is made up
of a coil and condenser in parallel, the gain may be
stated as G.QX, where Q is the ratio of the inductive
reactance of the coil to its resistance and X is the reac-
tance of either the inductive or capacitative branches
of the circuit. Q is also a measure of the band width of
the circuit and it can readily be shown that Q is defi-
nitely defined by the ratio of the operating frequency f
to the frequency width of the resonance curve at points
0.707 of the maximum. If A is this band width, the
gain per stage can be stated as

1
gain =

f 1 =
2RIC Gm 2rAC

Band width and capacitance then vary inversely
with one another. This same derivation can be applied
to filter circuits composed of a series of elements. The
capacitance involved in the interstage circuit is made
up of the circuit capacitance, the plate -to -ground ca-
pacitance of the amplifier tube, and the grid -to -ground
capacitance of the succeeding tube. It is desirable to
keep these as low as possible. Practical limitations are
imposed by the relationship given above. For the
acorn type of tube, a band width of 2 megacycles and
a gain of 16 decibels per stage for a simple tuned circuit
are obtained. If it is desired to obtain twice the band
width, we must be satisfied with one half the gain.
The practical usable band width is considerably less
than A when the amplifier contains a number of stages.
This reasoning shows the fallacy of assuming that
greater and greater band widths are obtainable by the
simple method of increasing the frequency.

In order to obtain a band width of 2 megacycles with
an amplitude distortion of 0.5 decibel or less, it was
necessary to use a filter circuit rather than a simple
parallel coil and condenser arrangement. The circuit
used was based on an arrangement consisting of a
parallel circuit made up of a coil tuned by the tube
capacitances and a terminating circuit of series ele-
ments. The high -frequency circuits involved are shown
in Fig. 1(a). The size of the elements required in the
series -terminating branch and the need for a variable
element gave rise to the use of the equivalent circuit
shown in Fig. 1(b). The capacitance of the condenser
in series with the plate inductance was made large
compared with the tube capacitances and this con-
denser was the variable tuning element. The amplifier
was considerably easier to tune than a corresponding

June, 1940 Proceedings of the I.R.E. 257
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amplifier using the ordinary coupled circuits. The low
circuit capacitances involved made it almost a neces-

(a)

Fig. 1
(b)

sity to tune the system by watching the indicator at
the output, since it was impossible to insert a portable
voltmeter on an interstage circuit without materially
changing the tuning constants.

Fig. 2 shows a general schematic of the complete
amplifying system. Each amplifier had a load circuit
of the type described. The transmission -line input was

GAIN -CONTROL
AMPLIFIER

from a crystal oscillator through an amplifier. The
voltage gain through the modulator stage was found to
be 1.6:1 measured from the parallel input to the push-
pull output.

II. MECHANICAL ARRANGEMENTS

The apparatus with the power supplies necessary for
its operation was mounted on a seven -foot relay rack.
Figs. 3 and 4 show the front and rear views. In the
front view of the rack the box on the right end contains
the metering apparatus, potentiometers for bias ad-
justment, and switches and fuses. The cover on this
box was removable from the right end and a view with
the cover removed is shown in Fig. 8. The central por-
tion contained five stages of amplification at 155 mega-
cycles, a frequency -changing modulator, and five stages
of amplification at 145 megacycles. A view with the
central cover removed is shown in Fig. 6. The box at

11.-.-

HETERODYNE
OSCILLATOR

11

I
T

T T T

Fig. 2

brought in through a circuit similar to the interstage
circuits. The five early stages were tuned to 155 mega-
cycles. The modulator changed the frequency by ap-
proximately 10 megacycles and the last five stages
amplified the signal at approximately 145 megacycles.

The signal voltage was applied to the modulator
grids in parallel and the heterodyne voltage was ap-
plied to the grids in push-pull through two grid chokes.
In this manner the ultra -high -frequency circuits were
kept simple. It was necessary to tap the modulator
input down on the amplifier plate coil in order to main-
tain the band width. The heterodyne voltage, which was
at a frequency of about 10 megacycles, was obtained

the left contained a test oscillator, the heterodyne os-
scillator, and gain -controlling apparatus. The cover of
this box was removable from the left side and a view
with the cover removed is shown in Fig. 7.

The wiring and power equipment were mounted on
the rear of the rack. Fig. 5 gives a view with the back
covers removed.

The amplifier and modulator stages were built up as
single units which were inserted one above the other.
The power leads were brought out on the back end of
each unit and were terminated in jacks which con-
nected with plugs as the amplifier stage was inserted.
As each stage was pushed in, the tube leads engaged
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Fig. 3 Fig. 4

Fig. 7

Fig. 5

Fig. 8
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clips on the preceding and following stages. In this
manner, any stage could be removed without unsolder-
ing leads. Tube changes and testing on the individual
stages could then be made. Fig. 9 shows a view of one

Fig. 9

of the higher -power -amplifier panels. This type of con-
struction gave a number of .advantages. Plate and grid
leads were kept extremely short. Tubes could be
changed quickly. In case of electrical trouble, a new
stage unit could be plugged in and the stage in trouble
tested with a minimum of interruption. The shielding
problem was simplified, and by building up stages in
this manner the input and output circuits were placed
at a maximum distance from one another, thus reduc-
ing undesirable feedback. The cooling problem was
readily taken care of by bringing in a stream of air at
the bottom of the repeater, carrying it up along the
back through a duct, and circulating it around a shell
surrounding each of the larger -sized tubes.

The heterodyne oscillator and gain -controlling cir-
cuits operated at a relatively low frequency and the
general construction and arrangement of parts were
made similar to broadcast -receiver practice.

The filament circuits were arranged for alternating -

or direct -current operation. Plate -and grid -supply volt-
ages were obtained from three rectifiers located at the
rear of the rack. Safety switches placed in series with
the primary supply circuit to all transformers removed
the plate and grid voltages when any cover was lifted.

III. ,GAIN MEASUREMENTS

For the measurement of gain there was built up a
signal generator having a resistance attenuator, the
output of which was brought out on a low -impedance
transmission line correctly terminated. The termina-
tion was mounted in a plug with a blocking condenser
and a flexible feeler which could be plugged directly
into any stage of the amplifier preceding the modula-

tor. The input was thus applied directly to any of the
grids. A pair of high -impedance voltmeters was perma-
nently connected to the plates of the final stages. By
moving the input from stage to stage the gain of the
various sections could be measured. In making over-all
measurements the system was operated with about 100
peak volts of radio -frequency output across the plates
of the last stage. The voltage necessary at the repeater
input was thus of the order of 1 millivolt, which was
readily measurable. Over-all measurements checked
the sum of the stage measurements, showing the re-
generation to be low. The early stages showed a gain
of 12 decibels per stage and the later stages 10 decibels
per stage. The over-all gain from the grid of the first
stage to the plates of the last stage was 114 decibels.
A field check of the over-all gain was made by con-
necting a half -wave antenna to the input through a
transmission line and setting up a known field from an
oscillator at the antenna. Taking into account the
transmission -line loss and the transformation ratio in
the first circuit, measurements taken in this manner
checked the previous gain measurements to within
3 decibels.

Over-all band -width measurements were made.
These are shown in Fig. 10. A visual setup was

110

100

90

Lk, 80
5

z 70

60

50

40
142 146 150 154 158

FREQUENCY IN MEGACYCLES

Fig. 10

162 166

used employing a sweep oscillator and cathode-ray
tube to show the effect of the variation of band with
tuning of the load and terminating circuits and change
of coupling.

Control of the amplifier gain in the eatly stages was
obtained by applying a negative bias to the suppressor
grids. This method of control was found to vary the
tuning considerably less than control of the grid or
screen bias. The negative bias for automatic control
was obtained from the usual type of rectifier and di-
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rect-current amplifier. This rectifier obtained its input,
through an amplifier, from a beat between the output
and a harmonic of the heterodyne oscillator. The band
width of this amplifier was about 20 kilocycles, so that
in operation the system gain could be held at its proper
value by a single or a narrow group of control frequen-
cies. The effect of a variation of gain of 30 decibels on
the band was to shift the band about 0.1 megacycle
in absolute frequency. This is small compared with the
actual band width and can be compensated for by
making the band width 0.1 megaycle wider than speci-
fied. A small amount of amplitude distortion was pro-
duced by the variation in gain.

IV. NOISE MEASUREMENTS

With the high gain and wide transmitted band, con-
siderable noise was noticed at the output. It was
thought desirable to calculate how closely the gen-
erated noise approached that which would be expected
from theoretical considerations. Nyquist3 has shown
that the noise due to thermal agitation of the charges
in a conductor is given by

E2 =
2

kTi RI GI2c1co
7

Co

where E2 is the mean -square noise voltage
k is Boltzmann's constant (1.372 X 10-2' joules

per degree)
T is the temperature in degrees Kelvin
R is the resistance across the input circuit
G is the voltage gain in the amplifier.

From the selectivity curve, the quantity fG2dco was
obtained by breaking the area up under the curve and
summing up the products of the square of the gain and
the frequency width for each small sectional area. The
completed noise calculation gave a result 7 decibels
lower than the actual measured noise after allowance
for the plate noise of the first amplifier stage.

Numerous other noise measurements were matte for
gains lower than the maximum. The limiting signal-to-
noise ratios for medium and low gains were found to be
about 67 decibels for a measured band of 5000 cycles.
These last measurements were for direct current in the
filament circuits. With alternating current on the fila-
ments, the limiting signal-to-noise ratios were about
15 decibels poorer.

V. DISTORTION* MEASUREMENTS

For an amplifier in which the transmitted band is
small compared with the mean frequency, the worst

3 H. Nyquist, "Thermal agitation of electric charge in conduc-
tors," Plays. Rev., vol. 32, pp. 110-113; July, 1928.

distortion products which fall within the band are of

the third order. A measure of these can be obtained by

the use of two-tone tests similar to the tests ordinarily
carried out on low -frequency amplifiers. Tests of this
kind were made by applying two inputs spaced by 50
to 100 kilocycles. The analyzer for picking out the vari-

ous components consisted of a double -detection re-
ceiver with an intermediate -frequency band width of
3000 cycles and a calibrated attenuator in the inter-
mediate -frequency amplifier. The receiver was tuned
in turn to the fundamentals and the third -order dis-
tortion products and the attenuator set each time for
constant output. The difference in attenuator settings
gave the signal -to-distortion ratio. The principal dis-
tortion was found to arise in the last two stages. Ratios
of the order of 60 decibels for a radio -frequency output
of 2.5 watts at the plates of the last stage were ob-
tained.

No detrimental effects were noted due to the appli-
cation of negative voltages to the suppresscirs of the
small acorn tubes. However, the presence of the simple
rectifiers which were used as voltmeters at the output
were found to increase the distortion considerably. It
was found practicable to leave these rectifier tubes in
place and open their heater circuits, in which case the
signal -to -distortion ratio was not affected by their
presence.

VI. STABILITY

One of the principal difficulties experienced with the
amplifying system was the change in the over-all band-
width characteristic on starting up from a cold condi-
tion. It was found that a warmup period of about 15
minutes was necessary to bring the selectivity charac-
teristic back to its original form. If allowance for the
warmup period is not made in the operation, an ampli-
tude distortion of 2 to 3 decibels would have to be
tolerated for this time. The effect could not be traced
to a change in the circuits with temperature and could
not be attributed to any measurable shift in the tube
elements. A change in the space -charge distribution
in the tubes would account for it.

It was found that a tube change would necessitate
retuning the plate circuit. This retuning could be made
rapidly with the aid of the visual selectivity indicator
described previously.

This equipment has been used considerably for
measurements of atmospheric noise in the ultra -high -
frequency ranges. Some of the data obtained was given
in a recent paper by Schafer and Goodall.4

4 J. P. Schafer and W. M. Goodall, "Peak field strength of at-
mospherics due to local thunderstorms at 150 megacycles," PROC.
I.R.E., vol. 27, pp. 202-207; March, 1939.



Radio -Frequency Spark -Over in Air*
P. A. EKSTRANDt, ASSOCIATE, I.R.E.

Summary-.Measurements of spark -over voltage were made at700 and 1800 kilocycles using needle points, blunt electrodes, andspheres. By impressing the voltage across a shielded capacitance ofknown value, then measuring the current which flows and the frequency,the voltage was calculated. Ultraviolet irradiation of the spark gap wasrequired for consistent results. When spheres were used, the radio -frequency spark -over voltage was 17 to 20 per cent below the 60 -cyclevoltage. The air -density correction factor at 700 kilocycles was foundto be nearly proportional to the air density. Measurements of radio -frequency spark -over voltage were made on a number of air condensersand a plate thickness of one half to one third the air gap was found tobe the most satisfactory.

INTRODUCTION

irHE trend in radio transmitters is toward higher
power. This means that transmitters must oper-
ate at high voltages, so there is a need for a

better knowledge of the dielectric strength of air at
radio frequencies.

In 1927, Reukema1 presented curves of spark-over
for 6.25 -centimeter spheres for frequencies between 60
cycles and 425 kilocycles. He found that above 60 kilo-
cycles, a single curve holds to 425 kilocycles, and that
the curve was 13 per cent below the 60 -cycle curve.
Flooding the spheres with ultraviolet reduced the
spark -over an additional 3.5 per cent. He predicted
from theory that the 425 -kilocycle curve will hold to
at least 6.megacycles.

Recently Seward' made some studies of spark -over
at radio frequencies. His data show a reduction of 6
to 7 per cent at 700 kilocycles from the 50 -cycle value
for both 0.5- and 1.4 -centimeter spheres.

The present paper presents data of spark -over at 700
and 1800 kilocycles both for spheres and for needle
points as well as intermediate -shaped electrodes. All
of these data were taken with one electrode grounded.
Measurements were made both with and without
ultraviolet irradiation. The ultraviolet was generated
by an electric arc using 60 -cycle alternating -current
power and carbon electrodes.

VOLTAGE GENERATION

The circuit used to obtain the radio -frequency volt-
age was either the tuned-plate-tuned-grid oscillator
shown in Fig. 1 or a Hartley oscillator. Shunt feed was
used to remove the direct current from the plate tank
circuit, so this circuit, the measuring condenser, and
electrodes under test were at ground potential for di-
rect current. The plate of the 1500-watt air-cooled

* Decimal classification: R243.2. Original manuscript received
by the Institute, March 21, 1940. Presented, Pacific Coast Conven-
tion, San Francisco, Calif., June 28, 1939.

Formerly, Heintz and Kaufman, Ltd., South San Francisco,
Calif. Now, Navy Yard, Mare Island, Calif.

I L. E. Reukema, "The relation between frequency and spark-
over voltage in a sphere -gap voltmeter," Trans. A.I.E.E., vol. 47,
pp. 38-48; January, 1928.

2 E. W. Seward, "The electric strength of air at high frequen-
cies," Jour. I.E.E. (London) , vol. 84, pp. 288-292; February,
1939.

tube was tapped down on the tank coil so a large step-
up in voltage was obtained. The tank coil was approxi-
mately 28 inches long, 14 inches in diameter, and
wound with 26 turns of ff-inch copper tubing. The ra-
dio -frequency voltage developed across the tank coil
was brought to the shielded measuring condenser,
which is described in the next section, and then the
lead was continued to the electrode under test. The
measuring condenser shielded the test electrodes from

Fig. 1-Voltage generator.

the field of the tank coil. The plate voltage could only
be varied in large steps, so a variable cathode resistor
was used for fine voltage control. At 1800 kilocycles
the measuring capacitance and stray capacitances gave
sufficient tank -circuit capacitance, while at 700 kilo-
cycles an additional compressed-gas condenser was
connected across the tank coil. The circuit described
was capable of generating a voltage of over 50 kilo-
volts peak between 700 and 1800 kilocycles.

VOLTAGE MEASUREMENT

The voltage was measured by impressing the radio-
frequency voltage across a known capacitance and
measuring the current which flows. Then, knowing the
capacitance, the current, and the frequency, the volt-
age was easily calculated by

E=
1/2 irfC

where E = voltage in peak volts
_I= root -mean-square current in amperes
f = frequency in cycles per second
C= effective capacitance of the measuring con.

denser in farads.
For accurate voltage measurements, the stray in-

ductances and capacitances must be reduced or con-trolled. The stray inductances were reduced to a
minimum by the use of short leads, especially from the
measuring condenser to the electrodes under test. Thestray capacitances were controlled by the use of the
shielded measuring condenser.

262 Proceedings of the I.R.E.
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The measuring condenser is shown in Fig. 2 in cross-
sectional view. The outer box A shielded the unit and
supported the high -voltage electrode B by means of
the two bowl insulators D. The electrode B was ap-
proximately 31- inches in diameter and 15 inches long.

Fig. 2-Capacitance voltmeter.

The cylinder C which surrounds electrode B was sup-
ported by insulators from the bottom, and was 10
inches in diameter. The measuring ammeter was con-
nected between cylinder C and the grounded outer
case. The outer shielding box was approximately 3 feet
square by 4 feet high.

As shown in Fig. 2, there are three capacitances in

this arrangement, as follows:
C1 between cylinders B and C. This is the effective

measuring capacitance
C2 between cylinder C and ground
C3 between electrode B and ground.

The capacitance C1 determined making three
capacitive measurements between the electrode B and
ground at the point where the voltage was applied,
marked ER.F.. For the first measurement ammeter A
was removed. Then

1

C = ,C3
1 1

E+F2
Next capacitance C1 was short-circuited

C -= C3 + C2.

Then capacitance C2 was short-circuited

Cc = C3 + C1.

Solving for C1

Cl = Cc - CA + \/(Cc CA)(CB - CA).

Then C2 and C3 were calculated by substituting C1 into
the preceding expressions.

By making the capacitive measurements as indi-
cated above, one side of the capacitance -measuring
circuit was always grounded, and by using a capaci-
tance substitution method the capacitance was accu-
rately Measured, either at low or, at radio frequencies.
For the measuring condenser used

C1=24.5 micromicrofarads
C2 = 59.5 micromicrofarads
C3 = 9.5 micromicrofarads

The measuring condenser C1 had only air dielectric,
so there could be no changes in capacitance with fre-
quency due to possible changes in the dielectric con-
stant of an insulator with frequency. The measuring
condenser was completely shielded and the measuring
ammeter was shielded and at ground potential. The
capacitance C2 was high enough in impedance so there
was not an appreciable shunting effect on the ammeter
A at the frequencies used.

All of the radio -frequency ammeters were calibrated
at 60 cycles against an ammeter of known accuracy.
The frequency -correction factor of the ammeters used
was applied when required.

NEEDLE POINTS SPARK -OVER

The curves in Figs. 3 and 4 show spark -over of

needle points at 700 and 1800 kilocycles for gap spac-
ings up to 1 inch. The lower needle point was grounded
and located 12 inches above a ground plane. These
curves as well as the others shown were all corrected
to standard air density of 760 millimeters of mercury
and 25 degrees centigrade. For small changes in air
density from standard conditions, it is shown later in
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the paper that the correction factor is closely propor-
tional to air density. The crosses show the values of
spark -over voltage obtained when the points were not
irradiated with ultraviolet light. The points were very
erratic and scattered, and at small spacings up to 0.25
inch the radio -frequency spark -over voltage often ex-
ceeded the 60 -cycle value. The dots show the spark -
over voltage obtained when the needle points were
irradiated with ultraviolet light. As can be seen the
dots fall on a smooth curve. They also gave the lowest
value of spark -over voltage, and all data taken without
ultraviolet irradiation fell above this curve. When the
gap was over about 0.2 inch, corona occurred before
spark -over. With ultraviolet irradiation, corona formed
at a definite voltage, and for the upper electrode this



264 Proceedings of Ihe I.R.E. June

voltage did not increase much as the spacing was in-
creased. Without ultraviolet, corona formed at a higher
voltage, as indicated by the crosses inclosed in circles.
At 700 kilocycles, after corona formed on the upper
electrode the voltage was raised and then corona
formed on both electrodes; then at a slightly higher
voltage spark-over took place. After corona formed
the spark -over voltage was definite, as the corona fur -
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nished the initial ionization. At 1800 kilocycles the
spark -over voltage was not obtained above 0.5 -inch
spacing as the corona current caused heating and even
melting of the point electrodes. At 1800 kilocycles
corona formed on the upper electrode at a lower volt-
age than at 700 kilocycles. The curves in Figs. 3 and 4
show that needle points are not suitable for voltage
measurements at radio frequencies.

BLUNT POINTS

Measurements of spark -over voltage were made at
700 kilocycles using blunt points. The results are
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shown in Fig. 5. The blunt ,points were formed by
rounding the ends of round rods into approximately
the shape of a hemisphere. For the 0.05 -inch rods, the

spark -over voltage was somewhat scattered when no
ultraviolet irradiation was used, while the smooth
curve shows the spark -over voltage obtained with
ultraviolet. For the 0.25 -inch rods, the curve shows
the spark -over voltage obtained with ultraviolet ir-
radiation. When ultraviolet light was not used, the
spark -over voltage was on the average 0.4 per cent
higher. Thus as the points were made more blunt, the
effect of ultraviolet light became less pronounced.

SPHERE GAPS

The spark -over voltage of 2.0 -centimeter sphere
gaps is shown in Fig. 6. The spheres were mounted as
in the standard American Institute of Electrical
Engineers sphere -gap arrangement with one sphere
grounded,' except that Mycalex insulation was used
to support the upper sphere and additional precau-
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tions were taken to prevent corona around the shank
of the upper sphere at the support. In Fig. 6, the upper
curve is the standard 60 -cycle spark -over curve, while
the lower curve shows the spark-over curve obtained
at radio frequencies when the spheres were irradiated
with ultraviolet light. A single curve held for both 700
and 1800 kilocycles. The dots show the actual meas-
ured points. The data were corrected to standard at-
mospheric conditions. Without ultraviolet light, it was
found that the points were on the average 1 per cent
higher at 700 kilocycles and 0.6 per cent higher at
1800 kilocycles. The radio -frequency spark -over curve
is approximately 20 per cent below the 60 -cycle curve.

Spark -over measurements were also taken for 5.08 -
centimeter spheres at 700 kilocycles; these results are
shown in Fig. 7. The dots show the experimental
points. With no ultraviolet the spark-over voltage was
approximately 0.5 per cent higher than the curve
shown. Without ultraviolet, the spark-over voltage
was always as great or greater than with ultraviolet
and the points were somewhat erratic. However, for
spheres the difference was only a few per cent at most.
The 700 -kilocycle spark -over curve lies approximately
17 per cent below the 60 -cycle curve.

3 American Institute of Electrical Engineers Standards No. 4, on
"The Measurement of Test Voltages in_Dielectric Tests," May,1928. The shank holding the sphere was less than s the diameterof the sphere; the center of the lower sphere was 5 diameters
from the ground plane; and the clearance to insulating members
was greater than 2 diameters from the sphere.
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The curves in Figs. 6 and 7 give calibrations of
sphere gaps at radio frequencies up to nearly 50 kilo-
volts peak.

AIR -DENSITY CORRECTION FACTOR

For accurate measurements it is necessary to know
how spark -over voltage varies with the air density so
that the proper correction factor for air density may
be applied.
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Measurements were made of the air -density correc-
tion factor by placing the 2.0 -centimeter spheres at
0.25 -inch spacing in a compressed -gas condenser case
and then making spark -over measurements at various
pressures. The data are shown in Fig. 8. The crosses
show the correction factor obtained when the voltage
was raised rapidly, while the dots show the factor ob-
tained when the voltage was raised slowly over a
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period of one minute. The dots fall on a fairly smooth
curve, as shown by the dashed line. The irregularity
was probably due to the fact that no ultraviolet irradi-
ation could be used due to the condenser case. The
correction factor with air density was linear between
0.2 and 1.3 times standard air density. These data for
700 kilocycles may be compared with the published
60 -cycle correction curve," which is the solid line. The
curves have practically the same slope. Therefore, for
most purposes, the standard 60 -cycle air -density cor-
rection factor may be used. For air densities close to

unity the correction factor may be taken as equal to
the air density.

This curve also shows that at high altitudes where
the air density is low, the ratings of air -dielectric con-
densers must be reduced due to the lower dielectric
strength of air at low pressures. Also, above about 1.3
times normal air density, the dielectric strength of air
increases more slowly with increase in air density.

At an air density of 1.0 the spark -over voltage for
the spheres was 21.4 kilovolts instead of 17.3 kilovolts
as measured in the open air. This was probably due to
the cylinder which inclosed the sphere gaps in this test.
This metal cylinder would change the flux distribution
somewhat from that of two spheres in the open air.
Also, as previously pointed out, no ultraviolet irradia-
tion could be supplied.

COMPARISON OF SPARK -OVER CURVES

' The curves in Fig. 9 show a comparison of spark -
over voltages of various electrodes with gap spacing
up to 3 inches. These curves show that with small
spacings the spark -over voltages are nearly the same
for various types of electrodes and that the curve
flattens out depending upon the diameter of the elec-
trodes used. When the spacing is about twice the di -
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ameter of the electrode, the curves have flattened out,
and there is not much further increase in voltage with
spacing. This indicates that air condensers should be
built with thick plates. It is apparent from the curves
that. with well-rounded plates the plate thickness
should be one half to one third the condenser spacing
(air gap). This is discussed further in the next section.

SPARK -OVER OF AIR CONDENSERS

Measurements were made of the spark -over voltage
of a number of air condensers. The results are sum-
marized in Table 1. Measurements were made at 700
and 1500 kilocycles both with and without ultraviolet
irradiation. The reduction of spark -over voltage with
ultraviolet varied from 0 to 10 per cent, with the

American Institute Of Electrical Engineers Standards No. 4 on
"The Measurement: of Test Voltages in Dielectric Tests," May,
1928.
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larger reductions at the smaller spacings. The con-
densers A and B with small spacings held the voltage
quite well and their measured spark -over voltages
were well above their ratings. Condenser C just ex-
ceeded its voltage rating. Condenser D was a condenser
with thin plates and large spacing, and had a rating
of 20 kilovolts peak. At 60 cycles it sparked over at
24 kilovolts peak, but at radio frequencies the spark -
over voltage was low. Condenser E had twice the plate
thickness and less than one third the plate spacing of
condenser D, but condenser E would stand approxi-
mately the same radio -frequency voltage as D. There-
fore the plates of a condenser should not be made too
thin in comparison with the spacing.

TABLE I
MEASUREMENT OF SPARK -OVER OF VARIOUS AIR CONDENSERS

Condenser A B C D E

Plate thickness, inches 0.0225 0.025 0.040 0.064 0.128
Air -gap spacing, inches 0.0245 0.080 0.192 0.719 0.218
Condition of plates Sharp Sharp Rounded, Rounded, Rounded,

edges edges Polished Polished Polished
Voltage rating in kilo-

volts peak
0.707 2.0 6.5 20.0 10.0

Spark -over in kilovolts
peak, 60 cycles

2.72 4.2 8.4 24. 14.

Reduction with ultra-
violet, 60 cycles

0 0 0 0 0

Spark -over in kilovolts
peak, 700 kilocycles

2.47 3.78 7.59 14.28 13.5

Reduction with ultra-
violet, 700 kilocycles

4.5% 0 1.8% 1% 0.4%

Spark -over in kilovolts
peak, 1500 kilocycles

2.46 - 6.82 11.7 13.7

Reduction with ultra-
violet, 1500 kilocycles

5% - 10% 1% 0

REDUCTION OF SPARK -OVER VOLTAGE
AT RADIO FREQUENCIES

The reduction in spark -over voltage at radio fre-
quency seems to be due to the fact that some ionization
by collision takes place at voltages before spark -over.
The negative ions have great mobility and so are re-

moved from the field each half cycle. However, the
positive ions are not swept out of the field each half
cycle as they are too heavy. The positive ions remain-
ing add to the field, and thus spark -over takes place
at a lower voltage than at 60 cycles, as at power fre-
quencies both the positive and the negative ions are
swept out of the field each half cycle.'

CONCLUSIONS

1. A capacitive voltmeter suitable for measuring
voltages up to 50 kilovolts peak was developed, and
used at frequencies between 500 and 2000 kilocycles.

2. Ultraviolet irradiation is desirable when making
spark -over measurements at radio frequencies to ob-
tain consistent results.

3. When using sphere gaps, the 60 -cycle voltage
calibration must be reduced 20 per cent for 2 -centi-
meter spheres and 17 per cent for 5.08 -centimeter
spheres  for frequencies between 700 and 1800 kilo-
cycles.

4. The air -density correction factor may be taken
as proportional to the air density for small changes in
air density from standard conditions.

5. For air condensers suitable for high radio -fre-
quency voltages, a plate thickness of one half to one
third the air gap should be satisfactory.
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Oscillographic Method of Measuring Positive -
Grid Characteristics*

0. W. LIVINGSTONt, NONMEMBER, I.R.E.

Summary-In testing large high -vacuum tubes it is difficult to
take positive -grid characteristic data usingordinary voltmeters and am-
meters since the heat dissipated would destroy the tube before readings
could be taken. This article describes a method of applying the desired
voltages for a very short time so that overheating of the tube under test
is not excessive. Readings of voltage and current are taken oscillograph-
ically.

INTRODUCTION

ONSIDERABLE difficulty has been experienced
in obtaining positive -grid characteristics of large
high -vacuum triodes since the tube dissipation,

while these points are being taken, is so high that the
destruction of the tube is likely to take place if the
power is left on sufficiently long to read a conventional
meter.

To obviate this difficulty various methods have been
devised.1,2 In general, these consist of means for ap-
plying proper voltages to the tube for very short times
and for recording actual voltages and currents oscil-
lographically. In the case of very large tubes that draw
high currents, the method described by Kozanowski
and Mouromtseff requires a rather large anode capaci-
tor to maintain voltage or a very low regulation sup-
ply of anode power. If the anode voltage varies
somewhat, it is still possible to obtain the desired data
but the amount of calculating from the oscillograms
is increased greatly.

It is felt that the method to be described overcomes
many of the difficulties of previous methods and pro-
vides an accurate means of obtaining the characteristic
of relatively large tubes with a minimum of apparatus,
"setup," and labor.

FUNDAMENTAL CIRCUIT

Fig. 1 shows a schematic diagram of the setup used
for these tests. The operation is essentially as follows:
The capacitors C1 and C2 are charged from trans-
formers T1 and T2 through current -limiting resistors
R1 and R2 and tubes VT1 and VT2 to a predetermined
voltage. The switch S1 is then thrown to such a position
as to open the supply to the rectifier grid transformers,
leaving the thyratrons VT1 and VT2 biased off, and to
close a direct -current circuit in series with the grid
transformer T8. An impulse flows through the primary
of the transformer until the series capacitor C3 is
charged. This action causes a voltage transient in the

* Decimal classification: R253. Original manuscript received by
the Institute, December 23, 1939.

f Vacuum Tube Engineering Department, General Electric
Company, Schenectady, N. Y.

1 H. N. Kozanowski and I. E. Mouromtseff, "Vacuum tube
characteristics in the positive grid region by an oscillographic
method," Pnoc. I.R.E., vol. 21, pp. 1082-1096; August, 1933.

2 R. W. Porter, "Positive grid characteristics of triodes," Elec.
Eng., vol. 57, pp. 693-696; December, 1938.

two secondaries of the transformer and throws the
grids of thyratrons VT3 and VT4 simultaneously posi-
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Fig. 1-Schematic diagram of circuit.
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tive. These tubes simultaneously connect the pre -
charged capacitors C1 and C2 to the grid and anode,
respectively, of the tube under test. Fig. 2(a) shows the
general shape of the voltage waves applied to both grid
and anode. At the first instant after conduction starts,
the grid and anode have essentially the same instan-
taneous voltage to which the capacitors have been
charged.

(a)

lc)
Fig. 2-Typical voltage and current curves.

If, at this same instant, the instantaneous grid and
anode currents are read by means of a cathode-ray
oscillograph and a suitable direct -current amplifier is
connected across the shunts R7 and R8 for successive
shots, the grid and anode currents for the particular
grid and anode voltage setting may be obtained im-
mediately.
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The po tent ionic let's R;,-lit, and Rs permit the
use of a cathode-ray oscillograph to determine the ac-tual peal: voltage applied to the I tibe. While it is pos-sib in ( he setup used to switch the oscillograph and
amplifier across either Re RH, R7, or RH it was found
desirable first to prepare a voltage calibration curve so
that: by setting the alternating -current voltmeters Va
and 172 the desired voltage is obtained without further
oscillographic measurement. Thus it is necessary to
measure only the grid and anode current for any par-
ticular voltage combination.

A direct -coupled amplifier and calibration circuit is
used with the oscillograph and permits an accuracy of
at least plus or minus volt. Maximum voltage drop
of 30 volts is permitted across the shunts. When a read-
ing is taken sufficient negative bias is introduced in
series with the grid of the amplifier so that the peak
of the voltage wave just reaches a horizontal mark on
the oscillograph screen. A quick -throw switch then in-
troduces a variable direct voltage in place of the signal.
This voltage is then varied until the oscillograph trace
coincides with the horizontal line previously men-
tioned. A direct -current voltmeter connected across
this voltage then reads directly the peak voltage of
the applied signal. Since this voltmeter is read for each
point, calibration errors in the amplifier and oscillo-
graph are minimized.

In the case of the anode current, the wave shape is
invariably similar to Fig. 2(a) and it is necessary to
read only the peak. In the case of the grid current,
however, the wave shape may take either this form or
the form of one of the shapes shown in Fig. 2(b) or
Fig. 2(c) (as the grid current becomes negative). In
each of these cases the voltage at the start of the ca-
pacitor discharge should be the value measured.

When the current through the shunt causes a volt-
age drop which is appreciable with respect to the volt-
age applied to the electrode it is desirable to compensate
for this in setting the capacitor voltage. This was done
for the grid -voltage settings in the tests made, but it
was not felt necessary to correct the anode voltage.

In the event that the leads in the circuit of the tube
under test are too long, high -frequency oscillations
may take place. These oscillations are immediately de-
tected on the oscillograph by the fuzzy trace and may

generally be corrected either by shortening the leads or
by shunting a small capacitor frifin grid or anode to
cathode.

Fig. 3 shows a typical set. of characteristic curves ob-
tained with this method. The actual points are plotted
showing the accuracy obtained Withoutexcessive pre-
cautions.

1000

Fig. 3-GL-892 plate characteristics.

CONCLUSIONS.

The method of obtaining positive -grid characteris-
tics described has the following advantages over previ-
vious systems:

1. Accuracy: Since results can be plotted as soon as
taken, errors are quickly noticed and points can be re-
checked immediately. Oscillations can be detected at
once whereas when "string" oscillographs are used
these are not immediately apparent and are not gen-
erally detected until the films have been developed and
computation started.

2. Economy: Expensive apparatus is not required.
For example, both grid and anode transformers are 100
volt-ampere instrument transformers. In general, suit-able cathode-ray oscillographs are inexpensive and
readily used by unskilled operators whereas multiele-
ment string oscillographs are expensive and require
skilled operators. The method described, while taking
somewhat longer to obtain readings, does not require
further calculations from oscillograms.



A Direct-Current and Audio -Frequency Amplifier*

L. J. BLACK t, ASSOCIATE, I.R.E. AND H. J. SCOTT t, ASSOCIATE, I.R.E.

Summary-An amplifier suitable for the amplification of small
direct -current and low -frequency transient potentials to a usable level
is described. In this amplifier two multielement tubes are used as bal-
anced modulators. A carrier voltage is applied in push-pull to two of
the grids of these modulators. The plates of these modulator tubes, oper-
ating in parallel, are connected to a high -gain amplifier designed for
the carrier frequency. Any carrier unbalance appearing in the modula-
tor is amplified to a sufficient level in the carrier -frequency amplifier
and applied to a linear detector. The amount of carrier unbalance is
determined by the magnitude of the direct-current or low audio -fre-
quency voltage applied to the control grid of one of the modulator tubes.

By proper choice of operating conditions a linear relationship between
impressed signal voltage and detector output voltage can be obtained.
The amplifier is quite stable in its operation and is capable of amplify-
ing signal voltages of the order of a few microvolts.

INTRODUCTION

THE application of amplifiers outside the field of
communications, such as in the measurement of

mechanical stress and strain, illumination, and
nerve -action currents, has greatly stimulated an inter-
est in direct -current amplifiers. The periodicity of
nerve -action potentials, which are essentially unidi-
rectional low. -frequency pulses, ranges from several
seconds to several milliseconds, and the magnitude
ranges from about ten microvolts to several millivolts.
In the study of nerve physiology by means of these ac-
tion potentials it is essential that the wave form of a
pulse be faithfully reproduced. This necessitates the
use of an amplifier which is capable of amplifying di-
rect -current pulses and which is free from phase distor-
tion at the low frequencies.

The difficulty of maintaining stable operation is fa-
miliar to everyone who has had occasion to work with
high -gain direct -current amplifiers. In these amplifiers
minor variations in supply voltages are amplified and
appear as an output voltage of such magnitude as may
completely mask the desired signal. In addition, these
amplified variations of supply voltage change -the di-
rect -current operating potentials of the tubes and
hence change the desired amplifier characteristics. Se.7.-
eral experimenters' have suggested circuits in which
the effect of minor changes in battery supply voltages
is compensated for by proper choice of circuit con-
stants. Another approach towards stability is to mini-
mize the effect of these variations through the use of
symmetrical circuits. Illustrative of this is the push-
pull amplifier. For perfectly matched tubes, small vari-
ations in supply voltages have no effect upon its opera-
tion. A direct -coupled push-pull amplifier that obtains
additional stability by means of a degenerative circuit

* Decimal classification: R363.2. Original manuscript received
by the InStitute, November 20, 1939. Presented, Pacific Coast Con-
vention, San Francisco, Calif., June 28, 1939.

t University of California, Berkeley, California.
1 D. B. Penick, "Direct -current amplifier circuits for use with

the electrometer tube," Rev. Sci. Inst., vol. 6, pp. 115-120; April,
1935. (This article contains an extended bibliography on the sub-
ject.)

has recently been described.' The amplifier to be de-

scribed in the following paper differs in principle of
operation from any of those previously mentioned.

PRINCIPLE OF OPERATION

The amplifier constitutes essentially a controlled -
carrier system. A carrier voltage is applied to two tubes
in a balanced bridge or modulator circuit. The signal
voltage controls the degree of balance and hence the
magnitude of the carrier voltage that appears in the
output of the balanced modulator. In Fig. 1 is shown a

BALANCE
UNIT

MODULATOR
UNIT
6L7

g Iva
6 L.7

Fig. 1.

schematic diagram of such a system. The carrier is
applied in push-pull to the number 3 grids of a pair
of 6L7's: The plates of the two tubes are connected in
parallel to the output circuit. When the proper balance
adjustments are made, the carrier voltage in the out-
put circuit is reduced to zero. In order to obtain this
zero balance, it is necessary to control not only the
magnitude but also the phase of the carrier voltage
applied to each grid. If the impedance of the phase -
balancing circuit is made high with respect to that of
the magnitude -balancing circuit, the adjustments are
relatively independent of each other.

If, after balance conditions are attained, a signal
voltage is applied to the number 1 grid of tube A, the
balance is changed and a carrier voltage appears in the
output circuit. The signal voltage is indicated by E in
Fig. 1. The magnitude of the carrier voltage appearing
across the output circuit is proportional to the signal
voltage.

In using the amplifier to record a signal voltage, the
modulator unit is first adjusted for balanced condi-
tions. A small amount of unbalance is then introduced
by means of the variable battery shown in the number
1 grid circuit of tube B. The magnitude of this unbal-
ancing voltage should be somewhat greater than the
peak value of the signal voltage. This adjustment: will

2 PI. Goldberg, "A high -gain d -c amplifier for bioclectric record-
ing," American Institute of Electrical Engineers. Technical Paper
39-124, May, 1939. Presented, American Institute of Electrical
Engineers. Pacific Coast Convention, San Francisco, Calif., June
27, 1939.
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give a carrier Output voltage modulated approxi-mately 100 per cent. The wave form of the carrier
envelope is a replica of the signal voltage.

The relation between the carrier output voltage andthe signal voltage can be expressed in terms of the tubeand circuit constants as shown in the following devel-opment:

Ip = IpA + Ipn

= the carrier -frequency current in the output
= [gsEc]A - [gpgaEda

where the subscripts A and B refer to tubes A and B,
respectively.

gpos is the transconductance from grid number 3 toplate.
Ec is the carrier voltage applied to grid number 3

al,
= Ec

agpg3

aE. aE,

= ge the control conductance

change in peak
value of carrier -frequency plate current

change in signal voltage
(This is twice the value of the conventional conversion
conductance.)

AE0= gc.E.RL
= the maximum change in the peak value of the

carrier output voltage.
E8 = the peak value of the signal voltage.

The quantity ge has been termed the control conduct-
ance for convenience. This is equal to twice the value
of the conventional conversion conductance encoun-
tered in converter operation if the signal from the beat-
ing oscillator of the converter is small. The control
conductance can be readily computed from the char-
acteristic curves for the tube and the values so ob-
tained agree well with the measured values.

The modulated -carrier voltage E0 can be amplified
by any suitable amplifier. The envelope of the carrier
can be studied directly by means of a cathode-ray os-
cillograph or a linear detector can be used to obtain
the amplified signal voltage.

OPERATING CHARACTERISTICS

Two sets of suitable operating conditions for the
6L7's are listed in Table I.

TABLE I

Plate
voltage

Screen-
grid.

voltage

No. 1 grid
bias

voltage

No. 3 grid
bias

voltage

Carrier
voltage
(peak)

Plate
current

.per tube
milliamperes

Control
conductance
micromhos

155
85

115
45

-6
-3 -6

-3 3.5
2

2.2
0.5

185
115

With a load resistance of 20,000 ohms in the output
circuit of the modulator tubes and the set of operating
conditions corresponding to a conversion conductance

of 185 micromhos, a change of 1 volt direct-current
signal voltage resulted in a change of 3.7 volts in the
peak value of the carrier output voltage.

Since the conversion conductance is proportional to
the carrier voltage it might seem that improved opera-
tion would be obtained if a larger carrier voltage, say
of the order of 10 or 15 volts peak, such as is met with

PRE -AMPLIFIER MOOULATOR

CATHODE
RAY

CARRIER

AMPLIFIER

OUTPUT
METER

Fig. 2.

in normal converter operation, were used. With such
magnitudes of carrier voltage, however, it was foundthat the usable sensitivity of the amplifier was not in-
creased since the modulator became more sensitive to
small direct supply voltage fluctuations.

The even harmonics of the carrier frequency gen-erated in the modulator tubes add directly in the out-put circuit. Provision must, therefore, be made in thecarrier amplifier so that these undesired harmonics ofthe carrier frequency do not appear in the final output.For the measurement of small signals the modulatorunit should be battery -operated and the carrier-fre-quency oscillator should apply an essentially constantvoltage to the modulator tubes. The carrier amplifier,however, can be of the usual alternating-current-oper-

Fig. 3.

ated type. With the modulator battery operated theoperation was quite stable. The complete amplifiersystem, however, did exhibit a slow undulatory drift,the magnitude of which was quite small. The maxi-mum value of this drift measured over a three -minutetime interval was less than that which would be pro -ducted by a 50 microvolt direct-current signal. Theamplifier as described is quite suitable for the measure-ment of voltages down to the level of 50 microvolt&



In order to measure signals of a lower level a pre-
amplifier consisting of a single balanced stage was
added. The complete amplifier is shown in Fig. 2. The
stabilizing effects of resistance R are described in foot-
note reference 2. The addition of the preamplifier did
not decrease the stability of the modulator unit but
did increase the sensitivity of the amplifier as a whole.
The preamplifier had a voltage gain of 20 and increased
the sensivitity so that signal voltages of the order of a
few microvolts could be measured.

The carrier -input circuit consisting of the balance
unit and the carrier -input transformer are shown in
Fig. 2. In the balance unit provision is made for fine
and coarse adjustment of both magnitude and phase.

The fine adjustment of phase is accomplished with the

35-micromicrofarad condenser. The carrier input is
supplied through a balanced shielded transformer.

Fig. 3 is an oscillogram showing the carrier envelope
resulting from the application of a 50 -microvolt alter-
nating -current signal. The noise level of the amplifier,
expressed in terms of the equivalent voltage applied to
the input to produce an output voltage equal to the
noise voltage, is of the order of 2 microvolts. This noise
voltage appears as small irregularities on the contour
of the 50 -microvolt signal.

The complete amplifier showed linear operation over
the range for which it was designed, that is, for input
signals up to 30 millivolts.

Current Distribution and Radiation Properties
of a Shunt -Excited Antenna*

PIERRE BAUDOUXt, NONMEMBER, I.R.E.

Summary- The shunt -excited antenna, first described and ex-
perimented with by Morrison and Smith,' was found to have a current
distribution similar to that of the classical insulated -base antenna, ex-
cept near the grounded base. Therefore, the shunt -excited antenna
should have nearly the same radiation properties as an insulated -base
antenna having the same length and radiating at the same wavelength.

The present work is an attempt to investigate theoretically whether
and to what extent these predictions are justified. The current distribu-
tion is, therefore, calculated according to the ordinary simplified line
theory.

The radiation pattern is thereafter derived and a formula for the
radiation resistance is found. The radiation resistance is calculated

It seems to be in many cases very different for a shunt -excited antenna
than for an insulated -base antenna.

I. POTENTIAL AND CURRENT DISTRIBUTION ALONG A

SHUNT -EXCITED ANTENNA

ET us consider the antenna as a nonresistive
wire, excited by an inclined conductor (Fig. 1).
The latter can be neglected, since it has but a

small influence on the current distribution and, con-
sequently, on the radiation pattern.

Fig. 1-Schematic disposition of a shunt -excited antenna.

The antenna being grounded at its base, the poten-
tial at its base point will be null. The potential ampli-

* Decimal classification: R120. Original manuscript received by
the Institute, January 29,1940.

f Institute of Telecommunications, University of Brussels,
Brussels, Belgium.

J. F. Morrison and P. H. Smith, "The shunt -excited antenna,"
PRoc. I.R.E., vol. 25, pp. 673-696; June, 1937.

tude at the tap point is fixed by the source and the
value of this amplitude is another limiting condition
of our problem.

Finally, a third condition is given at the top point,
where the current is zero under all conditions.

Notations used

L= antenna height
it= height of tap point above earth plane
z =height of an arbitrary section above earth plane
/0= self-inductance per unit length of wire
co = capacitance per unit length of wire
w= angular frequency of radiated wave
a= portion of antenna above tap point
b = portion of antenna below tap point
V= potential amplitude at an arbitrary point
I= current amplitude at an arbitrary point

c = 1/-00c0 propagation velocity in the wire

wL
= angular height of antenna

wh
x = angular height of tap point

Assuming a sine -wave distribution of potential and
current, let us write

wz wz
Va = A sin - B cos - for a region.

wz wz
V b = C sin - D cos - for b region.

Introducing the relation -dV/dz=jwloI we get, for
the a region, -T. =jgoc(A cos coz/c-B sin on/c) and
for the b region, _To =j//oc(C cos wz/c-D sin wz/c).
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In order to determine the constants, we have(1) top section : z=1,  I(L) =0(2) base section : z =0 lT,(0) = 0(3) tap point: z =h V(11)= Vb(h)= Vh.Introducing these conditions, we find the potential dis-tribution

(a region)

(b region) Vh

Going further

cos 4/(l - z/L)

cos OP - x)

sin i(1 - z/L)
sin x

jVh

loc cos x)
=

We have for the current distribution

(a region)

(b region)

IA

= sin &(1 - z/L)I in

(1)
or

(2)

(3)

/b cos - x)
cos ¢z/L. (4)_rain Sin X

It should be noted that in the a region the current
distribution does not depend upon the height h of thetap point (or from its angular height x).

Further, in the same portion of antenna, the dis-tribution is exactly the same as in an insulated -baseantenna.
However, in the usually much shorter portion b, be-tween earth and tap point, we find a quite different

distribution than that of a classical antenna.It should be noted also that for a quarter -wave an-tenna, the distribution is exactly the same as in thecase of an insulated -base antenna, along the wholelength the feeding height h having no more influence.
Base current. Making z =0 in (4), we get

./b° cos (IP - x)
/am sin x

Excitation current. Making z= --h in (3) and (4),
jah

= sin (IP -
ianz

/bh
= cos (Si - x) cotan x.ram

The difference between these two values is obviouslyequal to the current in the feeder. The excitation cur-rent is thus

hence

If=Iah Ibh

ram

cos IP

=sin x

II. IMPEDANCE AT THE TAP POINT OF A

SIIUNT-EXCITED ANTENNA

The impedance at the tap point is

z=

Writing

zo =

Vh

II

CO

Vh sin x

I"' cos IP

sin x cos (V/ -
cos t/i

x)

characteristic impedance of wire)

we may write also

Z sin x cos (fr - x)-
Zo cos qi

Fig. 2 shows the variation of the ratio Z/Z0 as a
function of the angular height of antenna ;I/ =&.)L/c

i

1 / '

---- .- _, -
30 60 90 , X20 150 180 210 210°

4 = (i-' L.

I -TAP POINT AT h . LA2

-TAP POINT AT h. L/6
3 -TAP POINT AT h. L/4

/
, i

,
,

I I1

I

.2

.4

.6

timpedance at tap pointFig. 2-Ratio
as a function ofcharacteristic impedance of wire

;G=coL/c (angular height of antenna).

for three values of the feeding height, namely, =L/12(or x =1P/12), h= L/6 (x =1P/6), and h.L/4(x=1P/4).

III. RADIATION PATTERN OF A
SHUNT -EXCITED ANTENNA

The vertical component of the radiated electric field,taken at the point P(R, 0) of polar co-ordinates whereR =distance of P from the antenna base and0 =angle of R above a horizontal plane,is noted by H(R, 0).
The ratio

H(R, 0)h=
H(R, 0)

is a function of 0 only.
If we plot h versus 0 in a system of polar co-ordinates(h, 0) we obtain the vertical radiation pattern of theantenna.
It is well known that if the current distribution is
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given by the arbitrary function f(z/L) the radiation
pattern h is then furnished by the expression2.3.4

folf (0 cos (t' sin 0)4
h = cos

fol.i(0 4
where =z/L.

Here, with the current distribution derived above,
we have (see Appendix I)

cos''
cos (lib sin 0) sin 0 sin (x sin 0)

sin x
h=

cos 0
2 H. E. Gihring and G. H. Brown, "General considerations of

tower antennas for broadcast use," PROC. I.R.E., vol. 23, p. 342;
April, 1935.

' P. 0. Pedersen, "Radiation from a vertical antenna over flat
perfectly conducting earth," Copenhagen, 1935.

4 P. Baudoux, "L'Antenne rayonnante," Paris, p. 170, 1938.

IA;

h. L/4

I .2

h,

h L42

tp.120°

2  4

Figs. 3 to 8 show the current distributions and radia-
tion patterns of a shunt-excited antenna for several
values of tp, i.e., for several values of the ratio L/X
(X = wavelength).

IV. RADIATION RESISTANCE OF A
SHUNT -EXCITED ANTENNA

When the radiation diagram is known, the radiation
resistance can be calculated as follows:

Let us take

2

1/ran

Ira = f f(Od-
o

a/2

(I) = h2(0) cos 0d0.
0

..L

.2

h,y4

.4 .6

'.2 4 .4
I 3)

I 11.114

fi L/6
_ -1

in
h a L/12

.8 'A_

198°

.13 i-I4
Io

Figs. 3-8-Current distribution and radiation patterns of a shunt -excited antenna for several values of %G.
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Rr° = kr
cos' - x)

6 K.Tani, "Tables of si(x) and ci(X) for the range x=0 to x=50,"Tokyo, 1931.

Then the radiation resistance is given by

Rr =60i,1'17024) ohms.
Here we have 110

thus Rr =60 4) ohms

and the function 4) has to be calculated. This deriva-
tion, which is rather complicated, will be found in Ap-
pendix II. The result is

(I)
cos tp cos

/11(0 + N(x)2 sinx 2 sin x

+ cos (IP + x)Si2(VJ - cos (4/ - x)Si2OP -
+ sin ( x)G2( - sin - X)G2(Vi - x)

where

sin 21,// cos 21//M(0)
G411'4

4

N(x) = cos 2x G4x - sin 2xSi4x - 2
(1

sin 2x

2x

OHMS

40

30

20

10

oo 60" 90° 120"
1

I I I I I 1 1 I I 1 105 .10 .15 .20 25 .30 .35 .40 .45 .50 .55
L4

Fig. 9 -Radiation resistance of the shunt -excited antenna as a

function of the ratio antenna height
wavelength

G(x) = C log x - Cix Referring to the current in the feeder
the symbols Si and Ci representing, as usual, the sine
integral and the cosine integral..

The constant C, called Euler's constant, has thevalue

.

The functions Si and Ci have been tabulated byJahnke and Emde, and more accurately, by Tani.5
TABLE I

NUMERIC VALUES OF THE RADIATION RESISTANCE

Angular
height of
antenna

30°
36°
45°
60°
720
90°

120°
135°
150°
180°
192°

ratio
Cantenna height \

wavelength

1/12 =0.0825
1/10 =0.1000
1/8 =0.1250
1/6 =0.1667
1/5 =0.2000
1/4 =0.2500
1/3 =0.3333
3/8 =0.3750
5/12 =0.4167
1/2 =0.5000
8/15 =0.5325

sin' x
RrI =

cost

In most cases, the radiation resistance appears to be
very different from that of the corresponding insu-
lated -base antenna.

APPENDIX I

Derivation of Radiation Pattern
We have to derive the function

Radiation resistance in ohms Y(0)
-0h cos

Yo
h =L/12 h =L/6 h =L/4
42.81 35.88 40.4440.80
41.10
38.10
38.46

39.84
40.08
40.02
38.46

39.66
39.84
39.36
38.34

where Y(0) = f cos (14. sin OW
036.48 36.48 36.4831.02 31.14 30.3027.54

25.56
27.60
24.18 Yo = f f( n4*.19.62 19.50

18.00 19.66

The radiation resistance calculated above refers to
the current at the current loop (i.e., /0"1).

In any other section the radiation resistance can be
found immediately by multiplying the figure stated
before by

(1'am/1'2)2

I, being the current in the arbitrary section.
Referring to the current at the base point

sin' x

In our case, the current -distribution function AO is

from z = 0 to z = h:

from z h to z = L:

We have thus

Ib

=

cos (ip - x)
cos IR'

sin x

sin ig1 -

IbY(0) = f -
o ram

cos (C' sin 6)4

cos sin 0)4
Iam

= Yb +11 Yai:
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The integrals are easy to evaluate

x)11/ f 1.1
cos 0i- cos (c. sin 0)4. 0-1. =Yb =

cos (

sin x o

cos (1p - x)
Developing, we obtain

=--_.

sin x
cos 2/ii 2 1 - cos 21,bV

= dv

sin 0 cos (x sin 0) - sin 0 cos x sin (x sin 0) 4 J 0 v

0 cos2 0
sin 20 r 2 sin 20v

+
0 v

dv

f I sin ,,G(10- cos (t'r sin 0)4'
4 i

+ cos
a2

2x
Ya = 2 1 -cos 2xv

ri dv

cos (0 sin 0) + sin 0 sin OP - x) sin (x sin 0)
4 fo v

we get
1 2

csin

dv

11/ L) 4)=-2- fo
1) 1) sin x(v - 1)1

v2-xP ( v
[cos gv-

- cos (' - x) cos (x sin 0)

cos2 0

Making the sum of Yb and Ya, we obtain

cos 0
cos (0 sin 0) sin 0 sin (x sin 0)

sin x
Y=

cos2

But, making 0= 0, we have

thus

cos 0
cos (0 sin 0) sin 0 sin (x sin 6)

sin x

cos 0

a2 sin 2xv
i dv- - sin 2xf

o2 v4

- cos (0 X)
a

o

2 sin (0

v

+ x)v
dv+

2
+

-
2

cos (IP - x)
2 sin (IPv - x)v

dv
a-o

- - i sn (0 - x)
2 1 -cos(- x)

dv
a

2 0 v

+ - sin (IP + X)
' a 2 1 - cos (IP ± x)v

dv
2 o v

a2 2

± - cos 2xf v cos 2xvdv
4 0

a2 2

+ - sin 2x
4 o

v sin 2xvdv

APPENDIX II a2

Derivation of Function 1) 2

The function we have to derive is given by where a =

7r/2

(I) = f h2 cos Od0

or

Putting

cos 0
[cos (ip sin 0) sin 0 sin (0 sin 0)] 2

sin x
dO.

cos 0

sin 0-=-v-1

cos 0

sin x

These integrations provide the results stated in the
text.
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Characteristics of the Ionosphere at Washington, D.C.,
April, 1940, with Predictions for July, 1940*

T. R. GILLILANDL ASSOCIATE, I.R.E., S. S. KIRBYt, ASSOCIATE, I.R.E.,
AND N. SM1Tlit, NONMEMBER, I.R.E.

ATA on the ordinary-wave critical frequencies
and virtual heights of the ionospheric layers
during April are given in Fig. 1. Fig. 2 gives

the monthly average values of the maximum usable
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Fig. 1-Virtual heights and criticalfrequencies of the ionospheric
layers, April, 1940.

frequencies for undisturbed days, for radio trans-
mission by way of the regular layers. The maximum
usable frequencies were determined by the F layer at
night and by the E, F1, and F2 layers during the day.

* Decimal classification: R113.61. Original manuscript receivedby the Institute, May 13, 1940. These reports have appearedmonthly in the PROCEEDINGS starting in vol. 25, September, 1937.See also vol. 25, pp. 823-840; July, 1937. Publication approvedby the Director of the National Bureau of Standards of the U. S.Department of Commerce.
t National Bureau of Standards, Washington, D. C.

Fig. 3 gives the distribution of hourly values of F and
F2 critical -frequency data about the undisturbed aver -
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Fig. 2-Maximum usable frequencies for dependable radio trans-mission via the regular layers, average for undisturbed days forApril, 1940. For information on use in practical radio trans-mission problems, see Letter Circular 575 obtainable from theNational Bureau of Standards, Washington D. C., on request.
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Fig. 3-Distribution of F- and F2 -layer ordinary -wave critical fre-quencies (and also approximately of maximum usable fre-quencies) about monthly average. Abscissas show percentages oftime for which the ratio of the critical frequency to the undis-turbed average exceeded the values given by the ordinates. Thesolid -line graph is for 440 undisturbed hours of observation; thedotted graph is for 211 disturbed hours of observation listed inTable I.
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age for the month. The variations from the average
were greater than usual. Fig. 4 gives the expected
values of the maximum usable frequencies for radio
transmission by way of the regular layers, average for
undisturbed days, for July, 1940.

Ionospheric storms and sudden ionospheric disturb-
ances are listed in Tables I and II, respectively. Strong
vertical -incidence sporadic -E reflections were observed
above 6 megacycles only one hour during the month,
and above 4.5 megacycles only six hours.
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Fig. 4 -Predicted maximum usable frequencies for dependable
radio transmission via the regular layers, average for undis-
turbed days, for July, 1940. The values shown will be consider-
ably exceeded during irregular periods by reflections from clouds
of sporadic -E layer. For information on use in practical radio
transmission problems, see Letter Circular 575 obtainable from
the National Bureau of Standards, Washington, D. C., on re-
quest.

TABLE I
IONOSPHERIC STORMS (APPROXIMATELY IN ORDER OF SEVERITY)

Day and hour
E.S.T.

hp before
s unrise
(km)

Minimum
fop before

sunrise
(kc)

Noon
PF2
(kc)

Magnetic
character' Iono-

spheric
char -
acter2em -14,. d.234-2.1..

April
25 (after 1400) - - - 1.4 1.4 1.3

26 418 diffuse 4700 1.1 0.4 1.6

27 (until 1200) 350 2600 6300 0.2 0.2 0.6

2 (after 1300) - - - 0.4 1.1 1.5

3 372 diffuse .5700 1.6 1.2 1.3

4 3 <1600 6400 0.6 0.5 1.1

5 (until 0500) 304 3300 - 0.4 0.0 0.1

1 352 diffuse 6400 1.5 1.0 1.0
2 (until 1300) 334 2600 5900 0.4 1.1 1.0

20 (after 2000) - - - 0.4 0.7 0.2
21 332 2800 no data 0.8 0.5 0.5
22 330 3100 no data 0.6 0.2 0.6
23 (until 0600) 316 diffuse - 0.0 0.0 0.3

24 (after 2200) - - - 0.0 0.0 0.3
25 (until 1400) 340 3100 7700 1.4 1.4 0.6

16 (after 0900) - - 7600 0.6 0.2 0.2
17 (until 0500) 304 3900 - 0.3 0.0 0.2

14 (until 0500) 316 4500 - 0.5 0.2 0.1

For comparison:
average for un-
disturbed days 292 4090 8420 0.1 . 0.2 0.0

1 American magnetic character figure, based on observations of seven ob-
servatories.

2 An estimate of the severity of the ionospheric storm at Washington on an
arbitrary scale of 0 to 2, the character 2 representing the most severe disturbance.

a No measurement because fin was less than 1600 kilocycles.

TABLE II
SUDDEN IONOSPHERIC DISTURBANCES

G.M.T.
Locations of

Relative
intensity Other

DayBegin- transmitters at mini- phenomena
ning End mum'

April
2 2037 2052 Ohio 0.05

15 1616 1635 Ohio, Cuba, D. C. 0.0
16 1506 1520 Ohio, Cuba, D. C. 0.0 Ter. mag. pulse,'

1504 to 1513
20 1505 1540 Ohio, Cuba 0.1
28 1753

1 Ratio of received field intensity during fade-out to average field intensity
before and after,,for station WLWO, 6060 kilocycles, 650 kilometers distant.

2 As observed on Cheltenham magnetogram of United States Coast and
Geodetic Survey.

Correction

Sergei A. Schelkunoff has brought to the attention of the editors an error in
his paper, "A General Radiation Formula," which appeared in the October,
1939, issue of the PROCEEDINGS on pages 660 to 666. In equation 21 on page
665 the factor "4" in the denominators should be "2."
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What the Institute Does for Its Members*
R. A. HEISING, PRESIDENT, 1939

itWANT to talk to you today about the Institute.I have discovered that there is a wide variety of
ideas extant as to what the Institute is for. I havealso discovered many widely divergent ideas as towhat the Institute accomplishes. There is a largenumber of engineers who do not seem to be aware of

the material benefits which the Institute has been in-strumental in conferring upon them personally, and
upon society. They do not think that the world wouldbe any different without the Institute. I wish thereforeto talk to you about what the Institute means to us.Thirty years ago, radio was in its
infancy. Radiotelegraphy was in
commercial and military use, while
radiotelephony, though accomplished
technically, had not developed to a
practical stage. Engineers and others
interested in radio technical develop-
ment felt the need of means of discus-
sion and of publication. A number of
small clubs or societies were formed
for these purposes. The extant engi-
neering and technical societies of the
time catered to the technical fields
which had had extensive development
and seemed unable or unwilling to
supply the needs of the handful of men
who were pushing the development of
a new and uncertain field. In 1912 two
of these small radio organizations, feeling that their
small size hindered their efforts, united and the In-
stitute of Radio Engineers was formed.

One of the best ways of estimating what the Insti-
tute is doing for its members and_ for society is to look
over its early history and see what it has done in the
past. Reasonable extrapolation can give some indica-
tion of what it can do in the future. During the early
years of the life of the Institute, a considerable number
of important papers were delivered at Institute meet-
ings and published in its PROCEEDINGS. These papers
covered a number of phases of radio technology and
were of such basic character as to form the foundation
of most of the developments of later years. It is of
interest to mention a few so as to show their impor-
tance.

To begin with, a paper by J. V. L. Hogan on "Hetero-
dyne Reception" in 1913 described in a technical fashion

* Part of the opening addresses delivered before Pacific Coast
Convention, San Francisco, June 27, 1939, and the Fourteenth An-
nual Convention, New York, N. Y., September 20, 1939.

RAYMOND A. HEISING
President, 1939

the system of heterodyne reception invented by his co-
worker Fessenden. Heterodyne reception was an im-
portant improvement in telegraphic reception, and was
the forerunner of superheterodyne reception for both
telegraphy and telephony. Then a paper by F. A.
Kolster on "Effects of Distributed Capacity of Coils
Used in Radio Telegraphic Circuits" pointed out limi-
tations in tuned circuits that have never ceased to
trouble us. The study of the important subject of radio
propagation was advanced by Professor Kennelly in a
paper on "The Daylight Effect in Radio Telegraphy."

In 1914 de Forest published his famous
paper on "The Audion-Detector and
Amplifier" which outlined his ther-
mionic three -element vacuum tube and
some of the useful circuits in which it
would function. This paper on an
epoch-making invention can hardly be
surpassed in importance. This was fol-
lowed a year later by Major E. H.
Armstrong's paper entitled "Some Re-
cent Developments in the Audion Re-
ceiver" in which he explained more
about the unusual properties of the
new tool and described some amazing
new circuits and performances. This
paper stands as one of the foundation
stones of all subsequent radio develop-
ments. There followed a paper byLangmuir on "Pure Electron Discharge and Its Ap-

plications in Radio Telegraphy and Telephony." Therefollowed further important papers on Measurements,
Transmission, Apparatus and Material Constants and
Characteristics, Secondary Emission, and other phe-nomena. Professor L. A. Hazeltine published in 1918the first comprehensive paper on audion oscillators. Hedescribed numerous forms, explained dynamic charac-teristics and introduced to the radio world that indis-pensable measuring unit called "mutual conductance."Then there appeared van der Bijl's paper entitled"Theory and Operating Characteristics of the Ther-mionic Amplifier," which presented the vacuum tubeas a circuit element, both in theory and in numerouspractical circuits. This paper laid the foundation forquantitative engineering of tubes and circuits. Therefollowed in the next few years a paper on Modulationby the speaker, Superheterodyne by Mr. Armstrong,and papers by T. Johnson describing many radio-telephone and telegraph sets of the vacuum -tube typepresenting to the engineering world descriptions of

278 Proceedings of the I.R.E.
June, 1940
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actual radio equipment that had been developed for
government war use. There were numerous other im-

portant papers, but I mention only those that happen

to come to mind. The PROCEEDINGS in the first eight

years of its existence contains an amazing array of

papers on basic radio engineering technology, which

have laid the foundation for all the radio industry of
today.

One might ponder as to what the situation would
have been without the Institute or PROCEEDINGS in

those early days. We might ask ourselves a first ques-
tion, "Would broadcasting have begun?" Probably
not. A new industry can scarcely start without techni-
cal information being in the hands of a promoter.
Without the PROCEEDINGS those important early
papers would either not have been published, or would
have been published in radically abbreviated form to
conform to interests of other publishing channels.
Would not the trade magazines publish them? No.
Remember there were no radio trade or engineering
magazines in those days. Technical magazines were in

existence only for those industries which had devel-
oped to some size. They would publish only popular
abstracts on radio subjects. They would not publish
the more theoretical parts, very theoretical at that
time though commonplace to us now. The scientific
societies would not have been interested in most of

them and the engineering societies might not have
taken them all. Engineering societies at that time had
not arrived at the stage of development which pro-
vides for groupings of papers and meetings for engi-
neering specialists. In fact it was the unsatisfactory
meeting and publishing situation of thirty years ago
that led to the formation of the Institute.

Turning now from the pioneer stage we can consider
the second stage, that from 1920 to the present time.
During this time broadcasting stepped to the front and
developed with tremendous strides. For a number of
years it felt its way along using the simplest and cheap-
est apparatus possible, and in the course of six or eight
years utilized most of the technical principles pub-
lished during the pioneer stage. But its progress did
not stop. It continued to advance because of new dis-
coveries and inventions made by the increasing army
of technical men employed in its various organizations.

We may now ask ourselves a second question,
"Would broadcasting once begun have advanced as it
did without the Institute and the PROCEEDINGS?"
Again the answer is No, The advancement and de-
velopment of the art also required publication and dis-
cussion for the rate of growth that occurred. During
these nineteen years radio technique has advanced
enormously. Accomplishments which are common-
place today seemed only a few years ago to be too
much to expect. One might have wished many times
for what appeared impossible, and only the most op-
timistic could have believed there would have been
made the advances that actually occurred. These ac-

complishments however could not have attained their
present status without the interchange of technical in-

formation between the various engineers. In this inter-
change of information our Institute and its PROCEED-
INGS have played a most prominent part. Throughout
the pages of the PROCEEDINGS is spread a record of
these advances step by step as they were made. Their
publication enabled all engineers to profit by the work
of the various experimenters. The radio art, society,
and all engaged in the radio industry owe much in
their present position to the Institute and the PRO-
CEEDINGS.

It is however easy to ask if the radio industry could
not have advanced to its present position with the help
of the trade and engineering journals alone, without
the PROCEEDINGS. Again the answer is easily given and
it is No. It is to be remembered that the radio trade
and engineering journals did not exist before the radio
industry, but that the PROCEEDINGS did. It is to be
observed that trade and engineering journals arise only
after an industry grows enough to support them. The
journals never come first, as did the PROCEEDINGS. It
is also to be observed that the trade and engineering
journals do not publish the more highly technical
articles which do not appeal to the majority of their
subscribers. They publish only articles that have im-
mediate engineering appeal or technical news value,
and candidly say that there are many types of papers
that do not appeal to a sufficient number of their read-
ers to justify publishing them. However, such papers
often are small steps which each in itself does not seem
important, but when added together provide a chain
of developments which later become of great value.
Such papers appear in the PROCEEDINGS and are thus
available to all engineers when their importance is
recognized. The Institute and the PROCEEDINGS
thereby have provided for the radio art an avenue of
publication that would not have existed if the trade
and engineering journals had been depended upon
alone. It is therefore possible to say that the rate of
progress which radio has experienced in the last nine-
teen years would not have occurred without an avenue
of publication like that of the PROCEEDINGS.

As to the future, the value of the Institute to each
of us can be ascertained approximately by a little logi-
cal extrapolation. One might consider first what would
happen without any avenues of publication. That is,
one can assume as an extreme case that all publication
cease. Then our dissemination of knowledge ceases.
Progress would be very small.

Progress would be limited to the rate of progress of
the best technical organization alone. Many engineers
would have to acquire information about advances by
inspection of their competitor's apparatus. The best
technical organization would however make much
slower progress than under present conditions where
many ideas and suggestions come from outside. Lack
of avenues of dissemination of technical information
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would reduce the rate of progress so much that accord-ing to present standards, the art would be practically
standing still.

lf one considers a milder case and assumes only the
absence of the Institute and kindred organizations,
there would still be the trade and engineering journalsto disseminate information. Under their publishing
policies, only articles appealing to large numbers of
their readers would be published and a radical differ-
ence in progress would be observed. The more theoreti-
cal papers would not be welcome. The young develop-
ing ideas would be ignored unless everyone was think-
ing of them. Any policy that limits publication to ma-terial of interest to the majority of engineers will
effectively stifle most new ideas. Few ideas develop
fully in one mind. Stimulation and suggestion come to
one mind when communicating with another, so that
for new ideas in the formative stage the restricted and
controlled publication policy is deadly.

The paper and publishing policy of the Institute
however does not come under such a classification. The
Institute follows a policy which enables all with new
ideas to present them whether they seem of utility or
not. It has a policy which spreads ideas throughout the
world hoping that somewhere they may fall upon fer-
tile ground. It has a policy which is necessary for the
full development of any subject that may be useful to
the art and society.

To recapitulate; first, observed that the
Institute has been instrumental in disseminating scien-
tific and technical information that forms the founda-
tion of the radio enterprises of today. Second, it has
been indispensable in providing a world wide avenue
of discussion and publication that has assisted the
rapid development of radio in the last nineteen years.
Third, it continues and will continue to handle publi-
cations upon matters of current interest together with

articles upon new and untried ideas without censor-
ship so that the art may develop technically to the
fullest: extent.

With this picture of what the Institute does, it now
becomes possible to say something about what the
Institute means to us members. Not only can this be
expressed in a lofty idealistic fashion, but it can be
expressed in simple everyday materialistic fashion. It
can be expressed so that even the least philosophic
mind can comprehend the major facts. We may not
only say that the Institute has been instrumental in
providing a new and useful service to society through
radio, but we may say it has been instrumental in pro-
viding jobs for most of us. We may not only say that
the Institute has taken an important part in the im-
provement of radio services for the people of the na-
tion, but we may say that it has likewise been an im-
portant factor in improving the lot of those of us asso-
ciated with radio enterprises. We may not only say
that the Institute will continue to take an essential
part in the future development of radio for mankind,
but we can also say that it will continue to play a vital
part in insuring the economic well-being of those in
radio. Briefly the Institute is a useful and valuable
institution to society, and is also an institution that
returns to the radio engineer dividends of a material
kind.

In presenting this picture of what the Institute
means to us, I have a definite object in mind. I would
like to see all engineers and scientists engaged in radio
work as members of the Institute. I would like to have
you keep this picture of the Institute in mind so as to
interest new engineers who enter radio work. I would
like to see those who are eligible to full membership
to become full Members if they are not so at present.
In short, I want to encourage fuller support of the In-
stitute by members of the radio engineering profession.

FOURTH PACIFIC COAST CONVENTION
Los. Angeles, California-August 28-30

For the fourth consecutive year, our Pacific Coast
Sections have joined together in arranging for a con-
vention. The previous meetings having been held in
Portland, San Francisco, and Seattle, it is now the
pleasure of our Los Angeles group to play host. Head-
quarters will be in the Ambassador Hotel.

As in the past, this Convention will be held coin-
cidentally with the Pacific Coast Convention of the
American Institute of Electrical Engineers which is
scheduled for August 27-30. The facilities and location
are such as to allow participation in both meetings.
Material of interest to radio engineers included in their
program is scheduled for Tuesday afternoon, August
27, the day before our Convention opens. Institute
members are invited to attend this and other meet-
ings of the American Institute of Electrical Engi-
neers.

There will be two seminars or informal discussion
meetings at our Convention. The first of these will beheld on Wednesday afternoon, August 28, after the
technical papers session and will be devoted to high-
fidelity audio -frequency systems. The second will beon the next afternoon and will consider developmentsin frequency -modulated-wave systems.

On Friday afternoon, August 30, four inspectiontrips have been arranged to the following places:
1. California Institute of Technology (200 -inch mir-ror)
2. Studios of the National Broadcasting Company3. KNX transmitter
4. Huntington Library
Summaries of all but three of the papers are given

immediately following the program and are arranged
alphabetically by the names of the authors.
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Wednesday, August 28

MORNING SESSION

1. "Causes of Frequency Variations in Klystron
Oscillators," by E. L. Ginzton, W. W. Hansen,
R. H. Varian, and J. R. Woodyard, Stanford
University, Stanford University, Calif.

2. "Ultrahigh -Frequency Tubes," by A. V. Haeff,
RCA Manufacturing Company, Inc.,' Harrison,
N. J.

3. "Rectilinear Electron Flow in Beams," by J. R.
Pierce, Bell Telephone Laboratories, Inc., New
York, N. Y.

4. "Propagation of Electromagnetic Waves Inside a
Cylindrical Metal Tube and Along Other Types
of Guides," by C. P. Hsu, California Institute
of Technology, Pasadena, Calif.

AFTERNOON SESSION

5. "Measurements of Noise and Vibration," by H. H.
Scott, General Radio Company, Cambridge,
Mass.

6. "Distortion Measurements by Fundamental -Sup-
pression Methods," by W. K. Hewlett and
David Packard, Hewlett-Packard Company,
Palo Alto, Calif.

7. "A Resistance -Capacitance Audio -Frequency Os-
cillator," by G. A. Brettell, California Institute
of Technology, Pasadena, Calif.

8. "Generation of Square -Wave Voltages at High
Frequencies," by W. H. Fenn, University of
California, Berkeley, Calif.

9. "Design and Test of Sound Equipment by the In-
termodulation Method," by J. K. Hilliard,
Metro -Goldwyn -Mayer Pictures, Culver City,
Calif.

10. "Building the World's Farthest -North Commer-
cial Broadcast Station," by J. W. Wp.11ace,
Puget Sound Broadcasting Company, Inc.,
Seattle, Wash.

Thursday, August 29
MORNING SESSION

11. "Frequency Modulation," by E. H. Armstrong,
Columbia University, New York, N. Y.
(Address before joint meeting with A.I.E.E.)

12. "Frequency -Modulated -Wave Broadcast Trans-
mitters," by W. R. David, Radio and Television
Department, General Electric Company, Sche-
nectady, N. Y.

1 3. "Performance Characteristics of Frequency Mod-
ulation in Ultrahigh -Frequency Sound Broad-
casting," by R. F. Guy, National Broadcasting
Company, New York, N. Y.

AD"I'ERNOON SESSION

14. "Frequency -Modulation Tests and Experience,"

by M. V. Kiebert, Jr., Jansky and Bailey, Wash-
ington, D. C.

15. "Frequency Modulation Versus Phase Modula-
tion," by C. J. Breitwieser, Lee de Forest Lab-
oratories, Los Angeles, Calif.

16. "Loktal-Tube Design and Manufacture," by R. M.
Wise, Hygrade Sylvania Corporation, Empo-
rium, Pa.

17. "Vacuum Tubes in Chemical Research," by C. J.
Penther and D. J. Pompeo, Shell Development
Company, Emeryville, Calif.

18. "A Proposal for Reduction of Polarization Errors
in Loop Direction Finders," by F. E. Terman,
Stanford University, Stanford University, Calif.,
and J. M. Pettit, University of California,
Berkeley, Calif.

19. "Radio Direction Finding for Meteorological Bal-
loons at 1.67 Meters," by L. C. Yuan and S. S.
Mackeown, California Institute of Technology,
Pasadena, Calif.

Friday, August 30

MORNING SESSION

20. "Some Notes on Linear and Grid -Modulated Ra-
dio -Frequency Amplifiers," by F. E. Terman,
Stanford University, Stanford University, Calif.,
and R. R. Buss, Heintz and Kaufman, Ltd.,
South San Francisco, Calif.

21. "A 500 -Kilowatt High -Efficiency Broadcast Trans-
mitter," by J. 0. Weldon, Weldon Engineering
Company, Del Rio, Texas.

22. "RCA Portable Television Pickup Equipment,"
by G. L. Beers, RCA Manufacturing Company,
Inc., Camden, N. J.

23. "Television Receiver Characteristics," by C. F.
Wolcott, Gilfillan Brothers, Inc., Los Angeles,
Calif.

24. "Mutual Acoustic Impedance in Multiple -Speaker
Systems," by H. S. Knowles, Jensen Radio
Manufacturing Company, Chicago, Ill.

25. "Portable Television Broadcasting," by H. R.
Lubcke, Don Lee Broadcasting System, Los
Angeles, Calif.

SUMMARIES OF TECHNICAL PAPERS
22. RCA PORTABLE TELEVISION

PICKUP EQUIPMENT

G. L. BEERS
(RCA Manufacturing Company, Inc., Camden, N. J.)

In 1938, a mobile television pickup equipment was
developed. This equipment was mounted in two units,
each unit being about the size and shape of a 25 -
passenger bus and weighing 10 tons. This paper de-
scribes a new, lightweight portable television pickup
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equipment which does not have the limitations of size,
weight, and power requirements of the earlier equip-
ment. This new equipment uses suitcase type of con-
struction and weighs (exclusive of cable) 550, 850, and
1050 pounds for one, two, and three cameras, respec-
tively.

A description of the general characteristics of the
equipment is given together with the function of each
unit. The relay transmitter has a peak output of 25
watts at any frequency from 280 to 340 megacycles.

It is possible to carry the complete pickup apparatus
into any building, amusement park, theater, etc., in
order to televise events which are inaccessible to
pickup equipment mounted permanently in a truck.

15. FREQUENCY MODULATION VERSUS
PHASE MODULATION

C. J. BREITWIESER
(Lee de Forest Laboratories, Los Angeles, Calif.)

The fundamental properties of amplitude, phase,
and frequency modulation are discussed and defined.
The sideband constitution and the advantages of phase
modulation over frequency modulation are then dis-
cussed. The optimum modulation index is shown to
be K/6. A practical transmission and reception system
is described and a new method of demodulating a
phase -modulated wave is given. The distortional char-
acteristics of the system are analyzed and optimum
conditions shown. Two transmitter circuits are given,
one for ordinary frequencies and one for the ultrahigh
frequencies. The paper concludes with a summary of
the chief advantages of phase modulation over other
systems.

7. A RESISTANCE -CAPACITANCE AUDIO-
FREQUENCY OSCILLATOR

G. A. BRETTELL
(California Institute of Technology, Pasadena, California)

A single -tube oscillator is described which utilizes
resistive and capacitive elements- only. A normal de-
sign leads to harmonic contents of less than / per cent
and a frequency stability of better than 1 part of
10,000 for a 10 per cent supply -voltage variation. The
design criteria are derived and distortion and stability
measurements presented for various operating condi-
tions.

12. FREQUENCY -MODULATED -WAVE
BROADCAST TRANSMITTERS

W. R. DAVID
(General Electric Company, Schenectady, N. Y.)

This paper presents the relative merits of phase
modulation and direct frequency modulation. Prob-
lems of circuit design are discussed. These problems
include frequency -modulation methods, frequency sta-
bility, low noise level, low distortion, and linearity.

Detailed description of the circuit used in the Gen-
eral Electric transmitter is presented, together with
the performance characteristics of a 1 -kilowatt fre-
quency -modulated broadcast transmitter.

Other problems of high -power transmitters, mechan-
ical design, relay transmitters and receivers, and serv-
ice area are also considered.

8. GENERATION OF SQUARE -WAVE VOLTAGES
, AT HIGH FREQUENCIES

W. H. FENN
(University of California, Berkeley, Calif.)

Three methods are described for the generation of
alternating voltages having a square wave shape and
covering a wide range of frequencies. The first method
is based on a previously developed system and uses an
overloaded direct -coupled degenerative vacuum -tube
amplifier. The second method uses a special pulse gen-
erator followed by a vacuum -tube trigger circuit. The
third method is a combination of the first two and pro-
duces waves which are squarer than those produced by
the individual systems.

Very square waves are obtained with all systems at
frequencies up to 200 kilocycles per second and with
loading capacitances up to 100 micromicrofarads. The
applications of these waves are considered, as well as
the importance of the circuits for other purposes.

1. CAUSES OF FREQUENCY VARIATIONS
IN KYLSTRON OSCILLATORS

E. L. GINZTON, W. W. HANSEN, R. H. VARIAN,
AND J. R. WOODYARD

(Stanford University, Stanford University, Calif.)

Fundamental causes of frequency variation in Kly-
stron oscillators will be discussed quantitatively.
Variation of frequency with voltage is treated along
the general lines laid down by Webster but using more -
customary engineering terminology. Variation of fre-
quency with current is due to change of resonator
frequency arising from the dielectric constant of the
electrons inside the resonators. The theory of this will
be developed in some detail. Various representative
practical cases of frequency variations due to both
cases will be discussed.

13. PERFORMANCE CHARACTERISTICS OF
FREQUENCY MODULATION IN ULTRA-

HIGH -FREQUENCY SOUND
BROADCASTING

R. F. GUY
(National Broadcasting Company, Inc., New York, N. Y.)

During the last year the National Broadcasting
Company completed an investigation of the perform-
ance characteristics of frequency modulation, building
for the purpose a 1 -kilowatt transmitter W2XWG,
four special receivers, and other equipment. The trans-
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mitter and receivers were specially built for either am-
plitude modulation or frequency modulation with
various frequency swings. Comprehensive measure-
ments of the relative performance of these types of
modulation were made at eleven scattered receiving
locations. The paper will describe the equipment, the
measurements, and the field observations. By a series
of figures ,it will show the relative performance of the
various types of modulation and analyzes the reasons
for the differences. These differences result from the
use of high -frequency pre-emphasis, the triangular
noise spectrum of frequency modulation, and the devi-
ation ratio, or index.

Considerable data will be shown on the frequency -
modulation noise threshold. Measurements of fluctua-
tion and impulse noise will be shown under a variety
of conditions and data will also be presented covering
the operation of frequency -modulated -wave stations
on the same channel and adjacent channels. There will
be a discussion of methods of calculating the advan-
tage under various conditions of frequency modulation
over amplitude modulation in the suppression of noise.

6. DISTORTION MEASUREMENTS BY FUNDA-
MENTAL -SUPPRESSION METHODS

W. R. HEWLETT AND DAVID PACKARD
(Hewlett-Packard Company, Palo Alto, Calif.)

Two methods are discussed for the measurement of
harmonic distortion by suppressing the fundamental.

The first method may be used to estimate closely the
percentage of distortion in an amplifier and at the same
time determine the type and character of the distor-
tion. This method uses a filter for eliminating the fun-
damental and a cathode-ray oscilloscope for observa-
tions and measurements.

The second method makes use of a local synchro-
nized oscillator and a resistance bridge for suppressing
the fundamental. The percentage of distortion is then
read on a total 'root -mean -square -type meter. This sys-
tem has the advantage that it will cover the entire
audio -frequency range even though the source of signal
is remotely located.

9. THE DESIGN AND TEST OF EQUIPMENT
BY THE INTERMODULATION METHOD

J. K. HILLIARD
(Metro -Goldwyn -Mayer Pictures, Culver City, Calif.)

This paper discusses the fundamental difference be-
tween the single -frequency method as compared to the
two -frequency method of testing electrical equipment.
Comparison between the harmonic method and the
intermodulation method is discussed and advantages
outlined. The apparatus used to make the measure-
ments is described and a summary of the dynamic
tests of various electrical and acoustic equipment is
presented.

4. PROPAGATION OF ELECTROMAGNETIC
WAVES INSIDE A CYLINDRICAL METAL

TUBE AND ALONG OTHER TYPES
OF GUIDES

C. P. Hsu
(California Institute of Technology, Pasadena, Calif.)

The prime purpose of this paper is to base the dis-
cussion of the properties of propagation of electromag-
netic waves inside a metal tube upon the theory of
complex functions. The general expressions for the
field components for different types of excitation sys-
tems are obtained in a rigorous manner starting from

that of an electric and a magnetic dipole. The formal
mathematical generalization is achieved by means of
the transformation formulas of cylindrical functions
and the results of the theory of integral equations. The
integral equations thus obtained are expanded into
series by aid of residual calculus for actual numerical
calculation.

The residues at the poles of singularities give rise to
different "distinct modes" of propagation and thereby
a comprehensive discussion of all the important physi-
cal properties is made. At the same time, problems
arising in practical applications, say for long-distance
transmission for television purposes, are analyzed and
some interesting conclusions obtained. The unique and
rigorous analysis is made possible by the free use of the
results in the theory of complex functions.

A comparison of the properties of propagation with
regard especially to.the attenuations and the velocities
of propagation inside a hollow cylindrical metal tube
guide and that of a concentric system is made.

24. MUTUAL ACOUSTIC IMPEDANCE IN
MULTIPLE -SPEAKER SYSTEMS

H. S. KNOWLES
(Jensen Radio Manufacturing Company, Chicago, Ill.)

The efficiency and directional characteristics of
multiple speakers or sound sources depend on the total
acoustic impedance, including the mutual or interac-
tion impedance between the sources, seen by each
source.

By application of the principle of acoustic images the
radiation and mutual impedance for a number of spe-
cial boundary conditions are obtained. The relation
of these factors to "space phasing" is also discussed.

25. PORTABLE TELEVISION BROADCASTING

H. R. LUBCKE
(Don Lee Broadcasting System, Los Angeles, Calif.)

Portable television pickups form an important part
of the program service of the Don Lee television sta-
tion W6XAO in Los Angeles. From two to four port-
able pickups are made per week, each of several hours
duration.

An important step in our portable technique is the
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"r -f test;" a determination of the propagation condi-
tions from the portable transmitter W6XDU, operat-
ing on 324 megacycles, to the relay -link receiver
housed at W6XAO. This is made with a simplified
setup.

Thirty-nine portable pickups to date have empha-
sized the desirability of line -of -sight propagation and
maximum obtainable antenna heights. Feeder length
is immaterial in this regard. An exasperating idiosyn-
crasy was noted in a lake pickup; horizontal polariza-
tion being used. A "pitchfork" antenna has proved
most satisfactory. A portable 10 -kilowatt 60 -cycle
prime -mover power unit is used where required. Dia-
thermy interference has been experienced on weak
signal, pickups.

Permanent antenna and lighting installations are
made where repeat pickups are made, such as at base-
ball parks, boxing, and wrestling areas. The new loca-
tion of W6XAO, atop 1700 -feet Mt. Lee, Hollywood,
will expedite pickup work by providing an elevated
relay receiver location.

17. VACUUM TUBES IN CHEMICAL RESEARCH

C. J. PENTHER AND D. J. POMPEO
(Shell Development Company, Emeryville, Calif.)

This paper deals with the application of inexpensive
radio -receiving -type vacuum tubes to low -drain volt-
meters, engine -pressure indicators, apparatus for
measuring dielectric constant, timing devices, fric-
tion -measuring equipment, and valve controllers. In
several of these applications the tubes are used under
conditions quite different from those for which they
were originally designed.

3. RECTILINEAR ELECTRON FLOW IN BEAMS

J. R. PIERCE
(Bell Telephone Laboratories, Inc., New York, N. Y.)

It has been found possible to obtain rectilinear elec-
tron flow according to space -charge equations for
parallel planes and concentric cylinders and spheres in
the form of beams surrounded by charge -free space.
This has been accomplished by finding solutions of
Laplace's equation which match the space -charge
equations in potential and gradient over plane, cylin-
drical, or conical surfaces along the lines of flow. The
cathode and beam are then enclosed by electrodes in
the form of equipotentials of these solutions of La -

place's equation. For plane bounding surfaces and
two-dimensional flow, the appropriate solutions of
Laplace's equation have been obtained analytically.
For cylindrical and conical bounding surfaces and
axially symmetrical flow, the solutions have been ob-
tained by the use of an electrolytic tank representing a
sector of the axially symmetrical field. Utilizing such
rectilinear flow in beams, electron guns have been con-
structed which have desirable characteristics.

5. MEASUREMENTS OF NOISE AND
VIBRATION

H. H. SCOTT
(General Radio Company, Cambridge, Mass.)

The recent development of the sound -level meter
has produced a revolution in measuring technique in
many mechanical industries. Heretofore noise was a
matter of opinion and there was no definite basis for
measuring it in quantitative terms. A similar situation
has existed until comparatively recently in the field of
vibration measurement. Many mechanical devices
have been in use but they are generally characterized
by a restricted frequency range. While a device of this
type may provide accurate and reliable results when
used within its normal limitations, there is seldom any
satisfactory way of knowing that the characteristics
of the vibration actually fall within these limitations.
For instance, the higher -frequency components of
many vibrations are entirely suppressed in any meas-
urements made with many types of mechanical vibra-
tion -measuring equipment.

Sound -level measurements in general have become
so well known that it is no longer necessary to go into
any particular detail on this subject. Modern sound -

level meters are accurate and reliable and conform to
the American Standards Association standards. Such
instruments provide noise measurements within the
limitations imposed by the present state of the art and
have proved invaluable in many practical applications.
A more recent development, the degenerative sound
analyzer, has made practical the analysis of complex
sounds with frequency -modulated and unpitched com-
ponents with a high degree of accuracy and conveni-
ence. Recent developments in recording equipment
have further expanded the usefulness of this equip-
ment.

New developments have extended the field of sound
measurements to corresponding equipment developed
mainly for vibration measurements.

In chronological order, these developments have
been essentially: (1) the vibration pickup for attach-
ment to a standard sound -level meter; (2) a control
box allowing variation of the frequency characteristics
of the pickup-sound-meter combination to provide ac-
celeration, velocity, or displacement characteristics at
the will of the operator; (3) development of a special
instrument for vibration measurements, known as a
vibration meter, and covering a range down to 2 cycles
per second; (4) development of an analyzer similar to
the sound analyzer, but intended for the vibration -
frequency range; (5) development of a complete re-
cording assembly, consisting of vibration meter and
automatic -recording analyzer. Such a device provides
maximum convenience and furnishes completely inked
curves showing the analysis of practically any type of
vibration on the basis of vibration acceleration, veloc-ity, or displacement.
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Vibration measurements are now in the state where
noise measurements were six or eight years ago. The
present equipment is very useful but there are many
possibilities of improvement. These will be discussed
from the viewpoint of the user.

18. A PROPOSAL FOR REDUCTION OF
POLARIZATION ERRORS IN LOOP

DIRECTION FINDERS

F. E. TERMAN AND J. M. PETTIT
(Stanford University, Stanford University, Calif., and University

of California, Berkeley, Calif., respectively)

One of the serious limitations of the radio compass
has been the "night -effect" error caused by the hori-
zontally polarized component of the sky wave which
is picked up by the horizontal elements of the loop.
The Adcock antenna overcomes this limitation but in
proportion to size has low pickup to vertically polar-
ized waves and so is not suitable for most applications.

The remedy proposed in this paper is to employ the
conventional multiturn loop, with all its undesired
pickup of the horizontal component, and then by
means of additional horizontal pickup from an aux-
iliary antenna to neutralize the unwanted component
in the output circuit of the main loop.

The requirements of the system are that the auxil-
iary antenna provide a voltage which can be coupled
into the loop output circuit through a simple network,
and which will perform properly for the desired range
of wavelength, signal azimuth, angle of incidence of
the sky wave, etc. The analysis shows that when the
earth has a high reflection coefficient a horizontal di-
pole antenna, mounted on the main loop (and rotating
with it) and suitably coupled, is capable of providing
complete or nearly complete neutralization of the hori-
zontal pickup, with no tuning required other than an
initial adjustment.

20. SOME NOTES ON LINEAR AND GRID -
MODULATED RADIO -FREQUENCY

AMPLIFIERS

F. E. TERMAN AND R. R. Buss
(Stanford University, Stanford University, Calif., and Heintz and

Kaufman, Ltd., South San Francisco, Calif.)

By a system of balanced feedback, the performance
of linear and grid -modulated radio -frequency ampli-
fiers can be made to approach perfection without
changing the degree of modulation, reducing the gain,
or otherwise affecting the performance of the amplifier.
This improvement in performance is obtained by bal-
ancing a sample of the modulation obtained from the
output against a sample of the modulation obtained
from the input, and modulating the resulting difference
voltage (which consists of noise and distortion compo-
nents) on the carrier with such polarity as to tend to
cancel the original noise and distortion appearing in
the ouput. This "remodulation" system of feedback

unlike other systems can be applied to individual
stages of linear amplification.

An important source of distortion in a grid -modu-
lated amplifier results from the regulation of the source
of radio -frequency excitation, causing the radio -fre-
quency voltage applied to the grid of the amplifier to
vary over the modulation cycle because of the variable
loading of the grid when it is driven positive. It is
shown that by loading the exciter with a diode biased
approximately to carrier level of excitation, the varia-
tions in the radio -frequency voltage applied to the grid
of the amplifier are greatly reduced. In effect, the load
on the exciter is shifted from the diode to the grid cir-
cuit of the grid -modulated amplifier during the modu-
lation peaks and the load seen by the exciter remains
substantially constant. This arrangement makes it per-
missible to operate a grid -modulated amplifier in the
positive -grid region without objectionable distortion,
using an exciting source having only just enough power
capacity to supply the driving power required at the
peak of the modulation cycle.

10. BUILDING THE WORLD'S FARTHEST -
NORTH BROADCAST STATION

J. W. WALLACE
(Puget Sound Broadcasting Company, Inc., Seattle, Wash.)

Radio plays an important role in Alaska where wire
facilities are rare. This northern empire has few broad-
cast stations. The newest, KFAR, at Fairbanks in the
center of Alaska, is unique in its field. Where concrete
is more valuable than gold ore and temperatures go to
50 and 60 degrees below zero, good construction is a
problem.

The station was completed on schedule thousands of
miles from radio supply stores. Power and telephone
cable lines were installed, a 300 -foot vertical antenna
erected, and dual diversity reception used for interna-
tional broadcast pickup. Miles of flat "peat" land were
available for the rhombic antenna and ground system.

The service range seems only limited to the absolute
sensitivity of the receiver. Consistent listening at three
and four hundred miles daytime and a thousand miles
nighttime seems remarkable for 1000 watts on 610 kilo-
cycles. Such broadcasting has proved invaluable in
serving the growing territory of Alaska.

21. A 500 -KILOWATT HIGH -EFFICIENCY
BROADCAST TRANSMITTER

J. 0. WELDON
(Weldon Engineering Company, Del Rio, Texas)

A description is presented of a 500 -kilowatt broad-
cast transmitter which has been in operation in Mexico
for more than a year. It represents the first application
of the Doherty high -efficiency circuit in a transmitter
of over 100 kilowatts and the first commercial use of a
recently developed 250 -kilowatt transmitting vacuum
tube. A 50 -kilowatt, grid -bias -modulated driver stage
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is used. A description is given of a switching system
whereby either of two 250-kilowatt amplifiers may be
operated separately or the two may be operated in
parallel for a carrier output slightly greater than 500
kilowatts.

16. LOCKTAL-TUBE DESIGN AND
MANUFACTURE

R. M. WISE
(Hygrade Sylvania Corporation, Emporium, Pa.)

This paper presents a review of features embodied in
standard glass -tube press design as a result of years of
experience with this design. A description of changes
in stem introduced by shortening of flare to reduce
over-all length of "GT" types is given and also a re-
view of other types of headers or stems used commer-
cially in radio receiving tube design. A discussion of
glass -header design which utilizes solid pins suitable
in strength for direct insertion in socket contacts and
for connection to the tube element either directly or
by welding of "jumper" wire or other form of con-
nector is given.

A review of metals and alloys suitable for pins where
glass -metal seals are required is given. Expansion
curves and other data on a new alloy usable with the
commonly available types of soft glass are presented.
Superior features of the new alloy are described.

23. TELEVISION RECEIVER CHARACTERISTICS

C. F. WOLCOTT
(Gilfillan Brothers, Inc., Los Angeles, Calif.)

This paper presents some of the more important re-
quirements of a television receiver having good resolu-
tion, how these requirements are met in design, and an
evaluation of practical results achieved in a particular
model. The requirements for a wide -band radio -fre-
quency input circuit are given, with formulas for de-
sign, and curves showing results obtained. A simple
oscillator of adequate stability is discussed. The design
of intermediate -frequency band-pass networks with
traps at adjacent sound frequencies is presented to-
gether with performance curves and photographs of
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practical production units. The response characteris-
tics and design of video -frequency amplifiers are con-
sidered and performance shown. Stripping and the
derivation of synchronizing pulses from the video in-
formation are illustrated.

19. RADIO DIRECTION FINDING FOR
METEOROLOGICAL BALLOONS AT

1.67 METERS

L. C. YUAN AND S. S. MACKEOWN
(California Institute of Technology, Pasadena, Calif.)

Different antenna systems were tested for both hori-
zontal and vertical directivity on this wavelength at
distances of from 7 to 30 miles. The antennas used in
these experiments included parabolic, V, double V,
Adcock, etc.

Using an Adcock antenna the azimuth of the incom-
ing electromagnetic wave was determined within one-
half degree accuracy. With a slight modification of the
receiving elements to form a horizontal -H antenna, the
vertical angle of the incoming wave was also obtained
with the same degree of accuracy. One type antenna
could be converted into the other type by mechanical
means within a few seconds and thus both vertical and
horizontal angles could be measured with the same
antenna setup.

With the antenna one and a half wavelengths above
the ground and with the ground surface homogeneous
in the immediate vicinity of the receiving antenna, the
horizontal and vertical direction of the incoming elec-
tromagnetic wave coincided with that of the transmit-
ter emitting the wave, within the same accuracy of
one-half degree. No tests were made at a vertical angle
greater than 7-} degrees.

Deviations from the true directions at different loca-
tions and at different times were observed. These devi-
ations were primarily caused by irregularities and lack
of uniformity in the ground near the receiver.

The receiver used for this experiment is a super-
heterodyne specially designed for this purpose using
a resistance -coupled intermediate -frequency amplifier.
It is very stable in operation and has ample sensitivity.
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Books
The "Radio" Handbook.

Published by Radio, Ltd., 1300 Ken -
wood Rd., Santa Barbara, Calif. 640
pages+18-page index. 6'4><9} inches. Price
$1.50.

This handbook of nearly 550
pages of text (640 pages including ap-
pendix) presents broad cross sections of
theory and practice of radio communica-
tion directed primarily to radio amateurs
and those interested in becoming amateurs.
It is of interest, however, to all those in
the radio field interested in keeping up to
date in amateur practice.

The first chapter covers an introduc-
tion to amateur radio, for those interested
in becoming amateurs; how to obtain an
amateur license, how to learn the code,
and so on.

In simple language, the second chapter

covers the fundamentals of electricity and
illustrates calculations of circuit elements,
singly and in combination.

With the present importance of
vacuum tubes in radio, considerable effort
is given to presenting the theory of tubes,
emitters, conduction, electrons, and con-
trol.

Three chapters are devoted to re-
ceiver theory, receiving -tube character-
istics, and receiver construction. All funda-
mental component circuits are discussed,
from the simplest detectors on through to
automatic volume control, noise -limiter,
and noise -suppressor circuits. The con-
structional material is excellently pre-
sented, complete with detailed photo-
graphs, wiring diagrams and part lists.
Starting with a very simple "two -tuber,"
several receivers ranging up to advanced
superheterodynes are covered. Other
articles cover a long -wave plane or boat
receiver, an ultrahigh -frequency super-
heterodyne, and several models of high -
frequency converters.

Transmitter theory, practice, and con-
struction are covered in nine chapters.
Beginning with simple component circuits
such as tube and crystal oscillators, and
the various classes of amplifiers, the trans-
mitter theory is developed to cover modu-
lated waves. Many forms of component
modulator circuits are described with
emphasis on the power relationships in
carrier and modulator stages. Component
speech circuits and elements are discussed
including various types of microphones
and speech amplifiers from the simplest to
those including automatic peak limiting
and automatic modulation control. A very
complete list of transmitter tubes, cross-
indexed as to power capabilities, is in-
cluded.

In transmitter construction, designs
particularly suited to amateurs are
covered. The beginner's simple low -pow-
ered transmitter may be used as the exciter
of an expanded more elaborate transmitter
built later. Safety precautions are given,
but, while the material presented on this
topic is good, it is the reviewer's opinion
that it should receive much greater prom-
inence.

The constructional material is excel-
lently presented, with detailed photo-
graphs, wiring diagrams, and parts lists.
Several transmitters, or exciters, ranging
from a two -band unit of 15 watts up to a
semi -band -switching unit of 100 watts are
described. Power amplifiers, for use follow-
ing these, are described for powers from 200
to 800 watts. Power -supply units, with data
on choke and transformer design and con-
struction, are also covered. Four or five
complete transmitter assemblies are also
described, for those who wish to proceed
at once with the construction rather than
follow the step-by-step expansion pro-
gram. These range from a 250 -watt con-
tinuous -wave transmitter to a 400 -watt,
10- to 160 -meter phone transmitter.

A separate chapter is devoted to ultra-
high -frequency communication with spe-
cial attention paid to portable or mobile
applications and to power supplies.

A chapter is given on antennas, with a
discussion of radio wave propagation, and
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indicates the reasons for the directivities
for practical amateur communication.
Both horizontal and vertical directivity
patterns are considered, with the modifica-
tions in each caused by ground conditions.
Only those directive systems which are of
practical amateur interest, because of
space available or height above ground,
are considered. A few examples of rotatable
arrays are described.

The latter chapters are devoted to Test
and Measuring Equipment, (such as wave -
meters, frequency standards, vacuum -
tube voltmeters, modulation -test sets,
and so on) Workshop Practice (covering
suggestions in tools and their proper

. handling, for beginners), Diathermy Ma-
chines, Radio Mathematics, and the ama-
teur Radio Laws and Regulations.

The appendix includes a quick refer-
ence index of main subjects, a very com-
plete main index, and a miscellany of
useful items, including a list of the "Q"
signals, R -S -T signal -reporting system,
international amateur call prefixes. Federal
Communications Commission rules on
good practice and a buyer's guide for all
parts used in the model transmitters and
receivers described in the text.

This latest edition of a very popular
amateur handbook presents its mass of
theory and practic.: in a clear style well
adapted to the readers for which it is
mainly intended. The theoretical parts are
exceptionally well written, condensing and
summarizing into simple language with-
out any serious loss of accuracy.

J. K. CLAPP
General Radio Company

Cambridge, Mass.

The Victory of Television, by
Philip Kerby.
Published by Harper and Brothers,

49 East 33rd St., New York, N.Y. 115
pages+3-page index and 9 pages of illus-
trations. Price $1.00. 5IX 81 inches.

The jacket on this book says the
author ' . . . has been hard at work for
National Broadcasting Company keeping
the public informed of the hourly ad-
vances in television.'

That the public has kept up an in-
sistent demand for informatiOn on this
subject during more than ten years is
attested to by those associated with tele-
vision. However, it is doubtful if this book
really will satisfy this popular demand.
This is unfortunate because it would be
so very convenient to answer the many
requests from nontechnical persons, vary-
ing from high-school seniors to aged poets,
for general television information, by
simply referring them to a comprehensive
book.

"The Victory of Television" views
American television, as it was in 1939,
apparently through the eyes of a news
reporter connected with the studio pro-
duction of television programs. The first
two chapters touch briefly on early tele-
vision inventions and very sketchily on
how a television system works. The next
two chapters give the reader an excellent
idea of how a modern studio appears and

what goes on during a dramatic produc-
tion. This is the best and most interesting
part of the book.

The six remaining chapters give the
author's views on the future of commercial
television by discussing such subjects as:
Television vs. The Theatre, Sports and
News Broadcasts, Public Service Pro-
grams, Who Pays?, Sponsor's Problems,
Whither Television? These chapters, based
on well-known and often -discussed ideas
regarding the part television is going to
play in our lives (some day) paint a rather
highly colored picture of the future.

Two corrections:
1. The feeling of the Federal Com-

munications Commission toward televi-
sion is not entirely that mentioned in
Chapter IX. It is more far-reaching.

2. For several years the British broad-
cast clear, sharp pictures using 405 lines,
not 220 lines (p. 83).

ALBERT F. MURRAY
Haddonfield, N.J.

Der Kondensator in der Fern-
meldetechnik, by Dr.-Ing.
Georg Straimer.
Published by S. Hirzel, Leipzig. Paper

covers. 229 pages and 267 illustrations.
Price RM13.50.

This is a book on electrical condensers
with especial reference to their use in com-
munication circuits. It forms volume 6 of
the communications division of a series of
works issued under the general title,
"Physics and Engineering Practice of the
Present."

The book must be regarded as a most
thorough and exhaustive treatise on the
subject of its title and it makes clear how
manifold are the aspects of the problem of
adapting what appears, at first sight, to be
a simple type of circuit element to the
many different practical cases where it
finds a use.

The treatment is arranged under the
three main headings, fundamental theory,
physical data regarding different kinds of
dielectrics, and examples of different types
of condenser found in practice.

Beginning with the fundamental equa-
tions of the electrical field, formulas are
derived for the calculation of capacitance
in a number of different cases, and equa-
tions are given for the shapes of condenser
plates for different laws of variation of ca-
pacitance with the angle of displacement.
There follow solutions for various capaci-
tance -resistance networks, used in alter-
nating -current circuits. Attention is also
directed to the usual mathematical treat-
ment of charge and discharge transients.

In the second part of the book, there is
presented full information regarding the
dielectric strength, dielectric losses, and
leakage resistance, as functions of tem-
perature and frequency, of all sorts of di-
electric substances, both those occurring
naturally and fabricated insulating ma-
terials also.

The last third of the book is devoted to
methods of manufacture of condensers and
examples of condensers for all sorts of pur-

poses, such as air condensers, electrolytic
condensers, and condensers for the shield-
ing of radio circuits from electrical dis-
turbances caused by household appliances.
This part of the book is copiously illus-
trated with cuts of commercial condensers
from the _catalogs of (quite naturally)
German manufacturers. The bibliography
at the end of the book lists no less than 217
titles, but this is to be regarded more as an
indication of the volume of the existing
literature than as an evidence of complete-
ness, since it includes references to German
periodicals only.

FREDERICK W. GROVER
Union College

Schenectady, N. Y.

BBC Handbook 1940.
Published by the British Broadcasting

Corporation, Broadcasting House, Lon-
don, W.1, England. 112 pages+12-page
appendix+3-page index. 71 by 5 inches.
Price, 2 shillings.

The BBC Handbook is an annual pub-
lication which covers the activities of the
British Broadcasting Corporation for the
year preceding its publication. The basic
form of the book is much the same as in
the past, but it has particular interest this
year because of the conditions in Europe
which are being and will be met by special
procedures.

The section entitled "Notes of the
Year" comprises about one fourth of the
material in the book, and is a general sum-
mary of the operation of the various de-
partments in the British Broadcasting
Corporation, as well as a brief description
of the ground covered by programs pre-
sented during the year. There are several
references to the war conditions and the
changes which had to be effected by the
British Broadcasting Corporation when
war was declared. These comments on
changes, however, are restricted primarily
to generalities on the subject of technical
operations, although they are somewhat
more explicit in dealing with changes in
the program and production divisions.

The next part of the book makes up
about half of the material covered, and in-
cludes texts of speeches given by the Prime
Minister, the King, and the Queen as well
as several articles which tell in more detail
the stories behind some of the more in-
teresting events mentioned under Notes of
the Year. Some of the subjects were From
Peace to War, Au Revoir Television, Re-
ligion and Broadcasting, School Broad-
casting in Time of War, The Listener
Takes Part, and A War Diary. These
articles are designed primarily to be of
particular value and interest to persons in
other countries who are also in the broad-
cast industry.

The Reference Section consists of a
grouping of significant fFcts about the
British Broadcasting Corporation and its
operation as well as a simple, although
sufficient, guide to listeners which offers
several suggestions which might be of
assistance in improving the quality of re-
ception under normal operation. Included
also are instructions concerning radio oper-
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ation as to emergency calls and private
messages in an attempt to minimize un-
necessary use of message wires and radio
facilities.

The illustrations which are included
picture many of the personnel of the Brit-
ish Broadcasting Corporation as well as
"action" pictures of programs in produc-
tion and personalities such as the King and
Queen. There are very few illustrations
showing any kind of equipment and what
few there are show studios and control
room or mobile equipment which is of
little or no military value.

On the whole, the BBC Handbook tells
the story of the operation of a business
subjected to the strains of suddenly changed
and adverse conditions, and the part it
plays in relieving the effects of these con-
ditions.

HOWARD A. CHINN
Columbia Broadcasting System, Inc.

New York, N. Y.

Rundfunksieb s chaltungen
(Radio Filters), by R. Feld-
keller.
Published by Verlag S. Hirzel, Leipzig,

1940. 168 pages. + 76 illustrations. Price,
RM 12.00.

With "Radio Filters," the director of
the Communication Institute at the Stutt-
gart Technical School continues the se-
quence of textbooks begun with "Trans-
ducer Theory" (Vierpoltheorie, 1938) and
"Filter Theory" (Siebschaltungstheorie,
1939). Here the interest is further special-
ized to narrow -band filters operating be-
tween capacitive terminations in a fre-
quency range so high that the parasitic
capacitance across inductances must be
considered a circuit element. That is, these
radio filters are coupling networks be-
tween pentode stages.

After a preliminary consideration of
the single -tuned -circuit, and the coupled -
tuned -circuit interstage, the author at-
tacks the problem of proportioning the
several networks of a multistage amplifier
for maximum gain with a prescribed dis-
tortion across the band. The Tschebyscheff
approximation to flat transmission in the
useful frequency range is used, the ele-
ments of the networks being determined
algebraically when the permissible distor-
tion and the terminating capacitances are
given. Important refinements to the
method are suggested by S. Darlington,
Journal of Mathematics and Physics, vol-
ume XVI I I, September, 1939, "Synthesis of
Reactance 4 -Poles."

The last chapter is a discussion of tran-
sient phenomena, following Heaviside.

The book is characterized by Feld-
keller's lucid style and realistic approach
to the engineering problem. Much in it is
perfectly applicable to wide -band cases,
but the control of the phase shift to meet
simultaneous gain and delay requirements
is not considered.

R. L. DIETZOLD
Bell Telephone Laboratories, Inc.

New York, N. Y.

Der Kurzwellensender (The
Short -Wave Transmitter),
by F. W. Behn and H.
Monn.
Published by Weidmannsche Verlags-

buchhandlung, Berlin, 1939. 269 pages and
191 illustrations. 6 X8i inches. Price,
RM 10.80.

This book considers the short-wave
transmitter only. That is, it devotes little
or no space to power supply, antenna, or
monitor. An introductory chapter men-
tions the more common types of trans-
mitters and basic components found in
them. This is followed by a chapter on the
fundamentals of vacuum tubes and one on
resonant circuits. Then there are three
chapters which take up vacuum -tube oper-
ation in some detail and four on frequency
stability, including crystal and line -
stabilized oscillators. The last third of the
book deals with apparatus arrangement
and construction and includes rather spe-
cific designs for eight transmitters ranging
from 7 to 200 watts. In this last section
there are no, dimensional mechanical lay-
outs, but the circuits are so drawn as to
indicate the proper relative positions of
parts. These, with numerous photographs,
probably carry the building instructions
as far as the average amateur set builder
desires.

A 30 -page table lists amateur trans-
mitting tubes. About one third of them are
American, but the modern tubes that con-
tribute so much to the ease of short-wave
construction are absent, as are some of the
important American suppliers.

This is a second edition of a book by
F. W. Behn. The treatment is nonmathe-
matical, but makes much use of curves to
show such relations as vacuum -tube or
resonant -circuit characteristics or the de-
pendence of frequency variation on plate
voltage.

For the amateur who prefers the Ger-
man language this is an excellent guide to
home construction. It might also be of
considerable use to the engineer who de-
sires to become familiar with the technical
German of radio engineering.

E. B. FERRELL
Bell Telephone Laboratories, Inc.

New York, N. Y.

Principles and Practice of
Radio Servicing, by H. J.
Hicks.
Published by the McGraw-Hill Book

Company, 330 West 42nd St., New York,
N. Y. 291 pages + 13 -page index and 212
figures. Price, $3.00.

In accordance with its title the book
treats both principles and practice. The
treatment of principles occupies about one-
half of the space, is well done, and can be
very useful to any service man who desires
a simple presentation of fundamental
theory. The treatment of practical servic-
ing is less systematic and thorough, but
this is necessarily so in any book which is

to have reasonable size. A chapter is de-
voted to public-address systems which is

especially useful since few previous publi-
cations have included them. Omissions are
few, perhaps the most important being
intermediate -frequency -interference elimi-
nation (image interference is treated) and
adequate emphasis on the ohmmeter
method of circuit testing. The book is a
worthy addition to the service man's li-

brary.
ARTHUR VAN DYCK

Radio Corporation of America
License Division Laboratory

New York, N. Y.

Ions, Electrons and Ionizing
Radiations (Seventh Edi-
tion), by J. A. Crowther.
Published by Longmans, Green and

Company, 55 Fifth Avenue, New York,
N. Y. 331 pages + 6 -page index and 117
figures. 51. X81 inches. Price, $4.00.

When the first edition of this excellent
book was published two decades ago, it
was intended, not as a compendious synop-
sis of the whole subject, but as a textbook
from which students who had already
gained knowledge of 'elementary physics
might gather a systematic understanding
of the important recent developments. The
author has kept consistently to this pur-
pose in the various revisions which have
been made, including this latest seventh
edition. The book, however, has neces-
sarily undergone many changes in keeping
apace with the tremendous increase in in-
formation resulting from the unusually
large and growing number of researches in
the fields included in the subject.

Most important among the changes in
this latest edition are those having to do
with the treatment of cosmic rays and of
the nucleus, these sections having been
rewritten and enlarged. These and other
minor additions in other chapters reflect
the progress of discovery during the five
years which have elapsed since the sixth
edition was published.

As in earlier editions, the author has
avoided the use of other than rather ele-
mentary mathematics, believing that com-
plicated mathematical derivations tend to
distract the attention more than to assist
in a real understanding of the physical
principles involved. This does not mean,
however, that the simple mathematics
necessary to explain fundamental proc-
esses and principles is avoided. In fact,
these definite relations are illustrated by a
group of problems (with answers) at the
end of the book which will be found very
useful to teachers and students.

Professor Crowther's book will con-
tinue to merit the popularity it has had in
the past, particularly as a second- or third -
year university textbook on the newer
physics and also as a reference where only
the more general facts and relations are
desired.

DAYTON ULREY
RCA Manufacturing Company, Inc.

Harrison, N. J.



Contributors
Pierre Baudoux was born on February

16, 1907, at Brussels, Belgium. He was
graduated from the mechanical and en-
gineering department of the University of
Brussels in 1929, and from the aircraft

LEONARD J. BLACK

engineering department in 1930. In 1931
M. Baudoux was appointed assistant in the
radio engineering department of the Uni-
versity and was also scientific secretary
of the Belgian Institute of Radio Scientific
Research. In 1935 he was promoted to Spe-
cial Doctor of radio electricity and in 1937,
"Agrege." M. Baudoux is also secretary
general of the Belgian Federation of Sci-
entific Societies.

Leonard J. Black (A'31) was born at
Santa Clara, California, on July 29, 1905.
He received the B.S. degree in electrical
engineering in 1928, the M.S. degree in
1930, and the Ph.D. degree in 1935 from
the University of California. From 1928
to 1929 Dr. Bla-ck was with the Pacific
Telephone and Telegraph Company. He
was instructor in electrical engineering at
the University of California from 1931 to
1940 when he became assistant professor.

Philip A. Ekstrand (S'32 -A'34) was
born at Loomis, Nebraska, on September
16, 1908. He received the B.S. degree1iom
Oregon State College in 1931 and the E.E.
degree from Stanford University in 1933.
From 1934, to July 1939, Mr. Ekstrand

PHILIP A. E. EKSTRAND

was employed as a radio engineer at Heintz
and Kaufman, Ltd., South San Francisco,
and since that time he has been at the
Navy Yard at Mare Island. He is a mem-
ber of Tau Beta Pi, Eta Kappa Nu, Sigma
Tau, Phi Kappa Phi, and an Associate
Member of Sigma Xi.

Lorenz Martin Klenk was born on
February 19, 1907, at Kearny, N. J. In
1929 he received the B.S. degree in electri-
cal engineering from the Newark College

LORENZ MARTIN KLENK

of Engineering. Since 1929 Mr. Klenk has
been doing research and development
work on short- and ultrashort-wave radio
transmitters for the Bell Telephone
Laboratories.

0. W. Livingston was born in Roselle,
N. J., on July 11, 1905. He received the
B.S. degree in electrical engineering from
Rutgers University in 1927 and since that

0. W. LIVINGSTON

date he has been in the Research Labora-
tory and Vacuum Tube Engineering De-
partment of the General Electric Com-
pany. He is a member of Phi Beta Kappa
and an Associate Member of the American
Institute of Electrical Engineers.

George Rodwin (A'25 -M'40) was born
in 1903 in New York City. He received
the A.B. degree from Columbia University

in 1923 and the E.E. degree in 1925. From
1925 to 1929 he was engaged in radio re-
search work for the Radio Corporation of
America in connection with receiver,
transmitter, and field -strength -measuring

GEORGE RODWIN

equipment. During part of 1929 and 1930
he was with the Engineering Department
of the Earle Radio Corporation developing
broadcast receivers. Since 1930 Mr. Rod -
win has been a member of the technical
staff of the Bell Telephone Laboratories
where he has beeri carrying on research
and development work on the trans-
atlantic radio receiving equipment and
general ultrashort-wave problems.

Herbert J. Scott (A'19) was born at
Baltimore, Maryland, on February 12,
1897. He received the B.S. degree in
electrical engineering in 1927 and the
E.E. degree in 1933 from the University
of Washington. From 1915 to 1923 Mr.
Scott was a ship and shore operator for
the American Marconi Company and the
RadioCorporation of America; from 1927
to 1934, engineer in radio research and
development at Bell Telephone Labora-
tories; and since 1934, assistant professor
of electrical engineering at the University
of California. He is a member of Sigma Xi.

For biographical sketches of T. R.
Gilliland, S. S. Kirby and N. Smith see
the PROCEEDINGS for January, 1940.

HERBERT J. SCOTT



 Introduced a year ago as a radio servicing instrument, the

AEROVOX L -C CHECKER has found equal acceptance
among radio engineers, laboratory workers, radio manufacturers
and others. Especially so since more and still more uses are
found for this instrument day after day.

The latest accessories greatly increase the scope of the L -C
CHECKER, the truly miracle tester, because it checks compo-

nents and circuits at their operating radio frequencies. Please

note that point, for in this respect the L -C CHECKER is abso-

lutely unique.

Ask to See It .

The local AEROVOX jobber will gladly show you the L -C
Checker and explain its operation. Ask to see it. Ask for latest
literature. Or write us direct .

What it does...
 The L -C Checker alone and in

combination with accessories al-
ready available, does the following
things:

CHECKS CONDENSERS . . .

Checks effective capacity of con-
densers at radio frequencies, with-
out removal from circuit. No
disconnecting, no unsoldering, no
loss of time. Checks for opens,
shorts, intermittents, as well as ef-
fective capacity.

CHECKS INDUCTANCES . . .

Tests combinations of inductance
and capacitance, thereby determin-
ing resonant frequency of combina-
tions and operating effectiveness of
circuits. Can be used to adjust cir-
cuit or system to proper operating
efficiency. Measures distributed
capacity of inductances.

CHECKS CIRCUITS .

Measures L to C ratio of transmit-
ting and receiving tuned circuits.
Aids preliminary tuning of trans-
mitters and receivers. Checks fre-
quency of r.f. amplifiers, r.f. chokes
and transmission circuits. Serves in
neutralization of transmitters.

CHECKS ALIGNMENT . . .

Simplifies alignment of r.f. circuits,
both broad and narrow band u.f.
amplifiers. Aids in tracking of
super -het. oscillator and tuning of
wave traps of image -rejection cir-
cuits. Checks frequency ranges of
receivers. Checks calibration of
wave meters. Checks identifying
harmonics of frequency standard in
precision frequency calibration of
radio equipment. Checks natural
resonant points of r.f. chokes mak-
ing sure they are beyond operating
range. Traces resonant absorption
trouble in all -wave receiver circuits,
locating dead spots, etc. Locates
resonant points in shorted windings
(unused coils) in multi -range oscil-
lators, etc.

CHECKS ANTENNAE . . .

Determines natural period of trans-
mission lines and antennae. Deter-
mines resonant peaks and current
loops. Determines impedance of
transmission lines and antennae.

CHECKS CRYSTALS .
Checks activity of quartz crystals.
Etc. Etc. The L -C Checker is,
beyond doubt, the most versatile
radio checker ever offered.

Yet it costs only
including
tubes.

$29.50 net

AEROVOX CORPORATION
New Bedb4ci, Ma/14.

Sales Offices in All Principal Cities
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BLILEY
CRYSTALS

HOLDERS
OVENS

for . . .

BROADCAST
SERVICE

for . . .

GENERAL
SERVICE

for
HIGH AND
ULTRA -HIGH
FREQUENCIES

f"
FREQUENCY
STANDARDS

Catalog G -I I contains complete information.
Ask for your copy.

BLILEY ELECTRIC CO.
UNION STATION BUILDING ERIE, PA.

POSITIONS
OPEN

The following positions of interest to
I.R.E. members have been reported as
open on July 10. Make your application
in writing and address to the company
mentioned or to

Box No.

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

Please be sure that the envelope
carries your name and address

TUBE ENGINEER

Electrical engineer with basic ability
in electronic work particularly tubes.
Should have about 5 years experi-
ence with development and manufac-
turing problems. Box No. 209.

ACOUSTICAL ENGINEER

Brush Development Company re-
quires acoustical engineer experi-
enced in theory and design practice
of microphones, speakers, phones,
etc. Mail full details, qualifications,
experience, salary required to Brush
Development Company, 3311 Perkins
Avenue, Cleveland, Ohio.

RADIO ENGINEERS FOR
GOVERNMENT SERVICE

The United States Civil Service
Commission has announced examin-
ations to fill engineering positions in
the Government in various special-
ized fields. Salaries range from
$2,600 to $4,600 a year, less a retire-
ment deduction of 31/2 per cent.

Applicants must have had study in
an engineering course in a recog-
nized college, and professional engi-
neering experience in the branch of
engineering for which application is
made.

Full information as to the closing
dates for applications, the require-
ments for the examinations, and the
appropriate application forms, may
be obtained from the Secretary of
the Board of U. S. Civil Service
Examiners, at any first- or second-
class post office, or from the U. S.
Civil Service Commission, Washing-
ton, D.C.

(Continued on page iv)

Promotions . . . advances . . .

salary increases . . . better radio-
men on the march! They are
the CREI students today . . .

men in the industry, fired with
ambition and the urge to suc-
ceed, who by utilizing their spare
moments to increase their knowl-
edge of radio are increasing their
worth to the industry. CREI men
are rewarded for their foresight
and effort. A survey of a typical
group reveals that 69% enjoyed
salary increases! CREI training
develops in the student that sure
confidence in his own ability
which enables him to go after
the better jobs-and get them!

Don't you have an associate
who would be interested?

May we send you our new
illustrated booklet?

This booklet tells in detail the com-
plete outline of our Home Study and
One -Year Residence courses in Prac-
tical Radio and Television Engineer-
ing. In writing please state briefly
your radio experience, education and
present position.

E. H. RIETZKE, Pres.

Dept. PR -6
3224 Sixteenth St., N.W.

Washington,
D.C.

et4...>.
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THE SAFEST GUIDE
TO THE BEST IN

INSULATION

AMERICAN LAVA 1S proud of the long list of
names on our books - famous names, many
of them, whom we have served for most of

our business life. We believe there is' no
reference in the field of insulation so powerful
as such a list of year -in, year -out customers.

Many orders for AlSiMag custom-tailored
parts started with one, with a dozen or a
hundred; grew later to hundreds of thousands.

That is why we accept any ceramic problem

as a challenge to be met, why we welcome the
smallest orders.
American Lava engineers have successfully
solved many a tough insulation problem,
while modern production facilities have kept
cost low on AlSiMag parts. Whether your
insulation problem is a big one or a little one,
we would like to help you solve it.

Trade Mark Res. U. S. Pet. Olt

AMERICAN LAVA CORPORATION  CHATTANOOGA TENNESSEE
CHICAGO  CLEVELAND  NEW YORK ST. LOUIS  LOS ANGELES  SAN FRANCISCO  BOSTON  PHILADELPHIA  WASHINGTON, D C

Proceedings of the I. R. E. lune, 1940 iti



NEWPRECISION
PORTABLES

Models 625 (DC-Moving
Coil Type) -635 (AC-
Movable Iron Vane Type)
and 665 (Electrodynamo-
meter Type) . . . new
molded case portables, may be obtained with
extreme sensitivity for laboratory use-as well
as those for general commercial and industrial
testing purposes. Have mirror scale and knife-
edge pointer to assure quick, accurate read-
ings. Scale length is 4.58"-Accuracy within
1%. Attractive black molded case, 6" x 51/2" x
21/2". Attached leather strap handle.

Another popular line of portables includes Models
725 (DC) -735 (AC). This popular style has a pre-
cision instrument with long 6"
mirror scale. Oak case is II"
x 9" x 4".

".11eL;TT.

Model 625
Clear Readability

Model 325.. 2.37" Scales
Models 325 (DC) -335 (AC)
for laboratory, shop bench
and special purposes. Tilt-
ing feature permits adjust-
ment to any angle for ac-
curate reading.

To further meet the demand for portable instruments,
Triplett has available handy instrument stands for 3"
and 4" panel instruments;
available with 2, 3, or 4
binding posts. Black wrinkle
finish all metal case-sloping
panel -4" x 4" x 31/2".

Model 525 . . 3.50" Scale
Has mirror scale and knife
edge pointer for extreme ac-
curacy in reading.

Write for Catalog-Section 216 Harmon Drive

TRIPLETT ELECTRICAL INSTRUMENT CO.
Bluffton, Ohio

POSITIONS
OPEN

(Continued from page ii)

RADIO MONITORING
OFFICERS

The United States Civil Service
Commission has announced examina-
tions to secure radio monitoring offi-
cers for the Federal Communica-
tions Commission. Applications will
1)e rated as received until June 30,
1941, and certifications made as the
needs of the service require, except
that if sufficient eligibles are ob-
tained, the receipt of applications
may be closed before the date speci-
fied.

Applicants must have had techni-
cal experience in connection with
the installation and testing, inspec-
tion and testing, or operation with
maintenance responsibility of radio
transmitters of at least 100 watts
power output. There is also an In-
ternational Morse Code requirement.
Special credit will be given for ex-
perience in the development and use
of radio -direction -finding equipment
and in connection with the making
of radio field -intensity surveys.

Further information concerning
the examination and application
forms may be obtained from the Sec-
retary of the Board of U. S. Civil
Service Examiners at any first- or
second-class post office or from the
U. S. Civil Service Commission at
Washington, D.C.

DEVELOPMENT ENGINEER
A private consulting -engineering

laboratory requires an engineer to
carry on development work. He
should be ari engineering graduate
and have broad knowledge and ex-
perience with receiver- and trans-
mitter -design. Some experience with
transmission problems is also desir-
able. Box 211.

Attention Employers . . .

Announcements for "Positions Open" are
accepted without charge from employers
offering salaried employment of engineer-
ing grade to I.R.E. members. Please sup-
ply complete information and indicate
which details should be treated as confi-
dential. Address: "POSITIONS OPEN,"
Institute of Radio Engineers, 330 West
42nd Street, New York, N.Y.
The Institute reserves the right to refuse any
announcement without giving a reason for

the refusal

Cohy 41tode/

tediti ?_41)

eewe-they
Pee

teoctiti

* Yes-even under the severest operating
conditions-Ohmite parts stay on the job-
faithfully! All -porcelain, vitreous -enamel
construction insures long life and smooth,
trouble -free performance! Time -proved in
all kinds of applications. Ask Ohmite
Engineers about your resistance problem-
you'll be happy to find that here at Ohmite
it's easy to get exactly what you need in
wire -wound resistors, close -control Rheo-
stats, and high current Tap Switches.

Write Today for Free Catalog 17.

OHMITE MANUFACTURING COMPANY

4862 FLOURNOY STREET, CHICAGO, U. S. A

HALITE
RHEOSTATS RESISTORS TAP SWITCHES
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What's Your Telephone
Score?

EVERY DAY many pleasant voices go over the telephone. And
it seems

to us the number is growing.
For most people realize the business

and social value of "The Voice with a Smile."

Sometimes
what may appear like a gruff or hasty manner is not

meant that way at all, but is simply carelessness
or thoughtlesness.

Since this is the age of quizzes, how
a short one on some

points of telephone usage?

Do You Talk Directly
Into the Telephone?

The proper way to use the tele-
phone for best results is to hold
the transmitter directly in
front of the lips while you are
talking.

Do You Talk Naturally?
Your normal tone of voice is
best. Whispered words are in-
distinct. Shouting distorts the
voice and may make it gruff
and unpleasant.

Do You Speak Pleasantly?

Remember . . . it may be your
best friend or best customer.
Greet him as pleasantly as if
you were face to face. Pleasant
people get the most fun out of
life anyway.

Do You Answer Promptly?
Most people do. Delay in
answering may mean that you
miss an important call. The
person calling may decide that
no one is there and hang up.

Do You Hang Up Gently?

Slamming the receiver may
seem discourteous to the per-
son to whom you have been
talking. You don't mean it, of
course, but it may leave the
wrong impression.

"The Voice
with a Smile"

can be said
real asset. Haven't you

often said of some one who has

just telephoned
-"My, but she

has a pleasant voice." Or -"I

like to do business
with them be -

re so nice over the

cause they a

telephone." too.
It's contagious

When

some one speaks pleasantly
to

M the

you, it's easy to answer

same manner.
-you form your

Many times le-and they

impression
of peop

judge
the

a voice over
sound of

the telephone.

BELL TELEPHONE
SYSTEM

THE BELL SYSTEM CORDIALLY INVITES YOU TO VISIT ITS EXHIBITS AT THE NEW YORK WORLD'S FAIR AND THEGOLDEN GATE INTERNATIONAL EXPOSITION. SAN FRANCISCO
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PROVEN in exacting service!

A

The AMPEREX HF3000 Series of

ALL GLASS AIR-COOLED TUBES

Have been tried under severest condi-

tions of actual service and have been found

highly satisfacto-y
by a large international

organization operating twenty-six transmit-

ters, located in various parts of the world.

Because of weather conditions prevailing

at some of the stations and the location of

others, water-cooled tubes and water cooling

systems were found impractical.

In the latter half of 1939, Amperex

HF3000's were installed in several of these

transmitters.
They have been in continuous

use since then, operating at 20 megacycles

and delivering up to 10 K.W.

After many other types of air-cooled and

water-cooled tubes had been tried and found

wanting, these Amperex HF3000 tubes were

adopted for the entire system.

If you are designing new
equipment or re-

building your old transmitter, you can effect

many economies in design and upkeep by

using these Amperex All Glass, Air -Cooled,

High Power transmitting tubes.

AMPEREX ELECTRONIC PRODUCTS, Inc.

79 WASHINGTON
STREET

BROOKLYN, NEW YORK



IRE membership offers

many services
to the radio engineer

Proceedings-An outstanding pub-

lication in the radio engineering field.

Over a quarter of a century of service

to the world in publishing important

radio engineering discoveries and de-

velopments, the PROCEEDINGS presents

exhaustive engineering data of use to

the specialist and general engineer. A

list of its authors is a "Who's Who"

of the leaders in radio science, re-

search, and engineering.

Standards-Since 1914 our standards

reports have stabilized and clarified

engineering language, mathematics,

graphical presentations, and the test-

ing and rating of equipment. They are

always in the process of revision and

thus remain up to date.

Meetings-In twenty-two cities in the

United States and Canada, meetings of

the Institute and its sections are held

regularly. Scores of papers on prac-

tically every branch of the field are,

presented and discussed. Several con-

vention meetings are sponsored by the

Institute and add materially to its ef-

*fectiveness in distributing data of

value to engineers.

The Institute of Radio Engineers
Incorporated

330 West 42nd Street, New York, N.Y.

To the Board of Directors
Gentlemen :

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

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

(Sign with pen)

(Address for mail)

(City and State)

(Date)

SPONSORS
(Signatures not required here)

Mr.

Address

City and State

Mr.

Address

City and State

Mr.

Address

City and State
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Associate membership affiliates
you with the Institute and brings you
the PROCEEDINGS each month as well
as notices of meetings held near you.

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

Name
(Give full name, last name first)

Present Occupation
(Title and name of concern)

Business Address

Home Address

Place of Birth Date of Birth Age

Education

Degree
(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE
(Give dates and type of work, including details of present activities)

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

Receipt Acknowledged Elected Notified

Requirements-For Associate mem-

bership, an applicant must be at least

twenty-one years of age, of good
character, and be interested in or con-

nected with the study or application

of radio science or the radio arts.

Sponsors-Three sponsors who are
familiar with the work of the appli-
cant must be named. Preferably these

should he Associates, Members, or
Fellows of the Institute. In cases
where the applicant is so located as
not to be known to the required num-
ber of member sponsors, the names of

responsible nonmember sponsors may
be given.

Dues-Dues for Associate member-
ship are six dollars per year. The en-
trance fee for this grade is three dol-
lars and should accompany the appli-
cation.

Other Grades-Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-

dent membership is available to full-
time students in engineering or science
courses in colleges granting degrees
as a result of four-year courses.
Member grade is open to older en-
gineers with several years of experi-
ence. Information on these grades
may be obtained from the Institute.
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irCANAO' /r
22D PORTABLE SPEECH INPUT

EQUIPMENT FOR REMOTES OF EVERY KIND

Choice
a 'Western

Electric Volume
lcolicator

1Vletere
with vu or 0 to 100 scales.

--KS 8218 Meter at right)

(KS 8208
Meter at left

DISTRIBUTORS: In U. S. A.: Groybar
Electric Co., New York, N. Y. In Can.
ado and Newfoundland: Northern
Electric Co., Ltd. In other countries,
International Standard Electric Corp.

Here's the latest version of the famous 22 type family. In addition

to the time -proven features of its older brothers-rugged construction

-deluxe appearance-high fidelity-AC or battery operation -4 mike
mixers and master gain control-it now offers a choice of the new
"conference" type volume indicators and other improvements.

One man can handle it with ease. It's easy to set up-simple to
operate. And it's ready for immediate delivery.

Start the season off right. Get full details from Piaird
Graybar-or better still, order yours now.

ASK YOUR
ENGINEER

RADIO TELEPHONE BROADCASTING EQUIPMENT
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ENGINEERING
DIRECTORY

Consultants, Patent Attorneys,
Laboratory Services

BRUNSON S. McCUTCHEN and
CHARLES B. AIKEN
Consulting Engineers

Technical cooperation with Attorneys in
connection with patent litigation-De-
sign and Development work-Audio and
radio frequency measurements-Equip-
ment studies-Receiver and transmitterproblems-A well equipped laboratory.
75 West Street Telephone
New York City WHitehall 4-7275

Use this directory . . .

when you need consulting serv-

ices

when you are asked to suggest

the name of a specialist on an en-

gineering, or patent problem

Consulting Engineers, Patent Attor-

neys, Laboratory Services ... Applica-

tions for card space in the Engineering

Directory are invited. Complete data

will be sent on request to

PROCEEDINGS of the I.R.E.

330 West 42nd Street New York, N.Y.

ENGINEERING DIRECTORY

POSITIONS OPEN

INDEX

DISPLAY ADVERTISERS

x

A

Aerovox Corporation

American Lava Corporation i

American Telephone & Telegraph Company

Amperex Electronic Products, Inc. Vi

B

Bliley Electric Company

C

Capitol Radio Engineering Institute ii

Cornell-Dubilier Electric Corporation xii

G

General Electric Company xi

General Radio Company Cover IV

Ohmite Manufacturing Company iv

RCA Manufacturing Company Cover III

Triplett Electrical Instrument Company iv

Western Electric Company ix
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O BE invested, every dollar you put into

11 transmitting
tubes should provide:T

1--dependable,
economical

performance
today

2-research to assure even better tubes tomorrow

If the tubes in your transmitter are marked

"General Electic" your tube dollar is

invested, because G -E transmitting
tubes

year by year will give you improved per-

formance,
and at the lowest possible

cost.operating

orthy example-a
The GL-857B is a notevv

tube whose history is another story of G -E

achievement:

-- developed
the hot-cathode mercury-vapor

rectifier.G -E Engineers
.

- built the first high-voltage mercury-vapor
rectifiers,

which voere spoil accepted as standard throughout the

- intioduced the 857, and laterindustry. the new 857 which re-

duced arc-backs, cut voltage drop and power loss be-

tween electrodes,
and gave longer life and greater

.--produced a more efficient
cathode that cut filament

dependobiiity.

power ;n half.

- developed
the first acc orate rectifier emission test,

which assured even greater dependability
in GA built

--designed a new, rigid filament structure,
which greatlytubes.

increased
cathode life.

Bulletin GEA-3315A gives technical in-
formation and prices on the complete
G -E transmitting tube line. Get one
from the nearest G -E Office, or write
direct to General Electric, Radio and
Television Dept., Schenectady, N. Y.

GENERAL

19 0 - G.E. announces

the GL -2668, a hig -h -power,
high -

voltage mercury-vapor
rectifier

interchangeable
with the 266B-anof

incorporating
all the advantages

the GL -8576. Available soon.

ELECTRIC
1 ti I

,,, th,. 1 F' 1.. J now, 1940
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Polo players or capacitors
THEY'RE clad alike . . . they swing identical mal-
lets . . . even the ponies look alike. But what a

difference in playing performance! There are qual-
ities that lie hidden to the eye, and these-respon-
sible for the timing, control and endurance that dis-
tinguish the champion-are what count.

It's the same in capacitors. They, too, look alike.
Capacitor reliability, however - life expectancy -
surviving economy-these depend on what's inside
- the hidden ingredients.

Cornell-Dubilier capacitors stand up better, last
longer and cost less in the long run because of a
unique combination of hidden ingredients. This is
the accomplishment of engineers whose skill is a tra-
dition in the industry-born of capacitor knowledge
and experience dating back more than thirty years.
You get more for your money when you specify
Cornell-Dubilier capacitors. Witness the fact that
there are more C -D's in use today than any other make.

CORNELL-DUBILIER ELECTRIC CORPORATION

1012 Hamilton Blvd., South Plainfield, N. J.

Only Cornell-Dubiller
Electrolytics offer

all these REAL
features

TYPE Er
These Features:

 Special high -voltage paper separator
 C -D etched plate
 Special C -D electrolyte
 Special high formation process

Result in:
 Minimum capacity change over wide temperature

range.
 Great reduction in physical size-up to 40% for some

types.
 Increased useful life.
 Reduced direct current leakage.
 Reduced equivalent series resistance.
 Higher breakdown voltage.
 Improved audio and radio frequency impedancecharacteristics.

The Type EZ Capacitor is available in single, dual,
triple and quadruple capacity combinations with vari-
ous mounting facilities. Send for engineering bulletin.

Remember! All C -D capacitors are union made
and competitively priced.

ETCHED PLATE, NOT FABRICATED!

r_ece:CORNAell-DUBlZIER
THE WORLD'S LARGEST MANUFACTURER OF CAPACITORS

Proceedings of the I. R. E. June-. 1940



Actual site Is 51/4"

high; 4%" diameter

Mit-RAMAIOR

COOVED
SEW

ACIRODE

RCN
821-R

Dependable,

Economical
Performance

tor f .14
Televisyon

General
broadcasting

and Eversithina
in between

3000
\l

1.7 Kw
.55 11..

.8 K v.,

108 Nic

V135.00

C".""neciu.cl:rg

ractiolor

Voi°ge
oote "19'31 nosstpci0-

OuiPUI

fielV C t".A.
Volvo

Closs
C Telephony

This remarkable new Tetrode paves the way for
new economies of installation and operation in appli-
cations calling for high power at ultra -high frequencies.
A pair of 827 -R's will conservatively handle the out-
put stage of a 1.0 kw television sound transmitter-
without tricks or fuss-and without costly installation,
thanks to the efficiency of RCA forced -air cooling.

Although primarily designed to provide economical trans-
mitter power for Frequency Modulation and Television, the
827-R is equally efficient for general broadcast requirements-
the ideal tube for the station that buys for today with tomor-
row's requirements also in mind.

Low -inductance leads minimize feedback and degeneration
difficulties. Input capacitance is 21 µµf; output capacitance, 13
Atif; grid -plate capacitance, 0.2 tAktf; filament voltage, 7.5 V.; and
filament amperes, 25 A. As in other RCA Air -Radiator trans-
mitting tubes, the plate is provided with fins for forced -air
cooling. Throughout, construction is exceptionally rugged to
meet the rigorous requirements of f -m transmitters.

Technical Bulletin on the RCA 827-R will be sent on request;
write to RCA Commercial Engineering Section, Harrison, N. J.

Full Ratings up to 25 Megacycles
The RCA -889-R Triode is another RCA Air -Radiator unit

that sets new standards of performance. Designed for use as
an amplifier, oscillator, or modulator at moderately high fre-
quencies, it is priced considerably lower than a multi -grid
tube of the same rating. Short leads within the envelope re-
sult in low lead inductance, while the use of two grid leads
reduces grid -lead inductance still further. Technical bulletin
will be sent on request.

RCA 889-R
TRIODE

Plate Voltage ... 6000 Volts
Plate Input 6 Kw*
Plate Dissipation 3 Kw*
Power Output 4 0 Kw*
Frequency Maximum 25 Mc

Price $375.00
including radiator

*ClassC Telephony Values

/111/111111.11111/1

RCA MANUFACTURING COMPANY, INC., CAMDEN, N.J.  A Service of the Radio Corporation of America



YEARS

1940

1940 TWENTY-FIVE
YEARS LATER

the same measurements can be
duplicated with this equipment
at frequencies up to 1,000,000
cycles per second and with ac-
curacies far in excess of those
possible in 1915. Included are
Genera! Radio Type 516-C Ra-
dio Frequency Bridge, Type
684-A Modulated Oscillator.
Type 619-E Heterodyne De-
tector, Type 663 Resistors and
a headset. Before 1940 has
gone by G -R instruments will
probably be available to extend
the frequency range of these
measurements to 10,000,000
cycles!

 GENERAL RADIO COMPANY celebrates
its 25th Anniversary this month. The twenty-fifth
year in the life of most companies or persons is
not particularly significant ; but in the radio and
electronic measuring -apparatus field twenty-five
years takes one practically back to the beginning.
General Radio is probably the oldest company of
its kind in the world. It has been continuously en-
gaged (under the same name, with the same di-
recting head and with the same managerial policy)
in the design, manufacture and sale of precision
electrical laboratory apparatus for use at com-
munication frequencies. General Radio instru-
ments have always kept abreast of the develop-
ments in the electronic art and its apparatus has

JUNE

GO
191 RESISTANCE
MEASUREMENTS OF CON-
DUCTORS at radio frequencies
up to 100.000 cycles per sec-
ond. During 1915-1916 im-
portant research on this prob-
lem was undertaken at one of
the leading educational institu-
tions with the equipment shown
-the latest then available. In-
cluded in the set-up are an
Atexanderson r -f alternator de-
livering 2 kw at 100,000
cycles, a hot-wire ammeter, ad-
justable paper condenser, vari-
chle air condenser, fixed tele-
phone condenser, single slide -
wire, fixed and adjustable in-
ductances, a portable galvanom-
eter, a headset and 1.000 -cycle
commutator interruptor. These
instruments represented the lat-
-t de,,rnnments in the instru-

1940

1

in no small measure contributed to the ease with
which further developments have been and are
possible.

The extent of diversification in the manufac-
ture of its apparatus is always surprising to per-
sons not long familiar with General Radio. G -R
instruments are in use throughout the entire world
in the leading laboratories, factories and commer-
cial organizations.

if you are interested in electrical measuring
equipment at audio or radio frequencies, you
should familiarize yourself in detail with G -R
products. Write for a cony of Catalog K. Address
30 State Street, Cambridge, Mass.

GENERAL RADIO COMPANY, Cambridge, Massachusetts
PRINTED IN V.S.A.




