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The merits of graphite and its desirability as an anode material were recog-
nized by Amperex more than a decade ago.

Through the years . . . despite the insistence and claims of other tube manu-
facturers in regard to the superiority of various rare and semi-precious metals
.. . Amperex has consistently held to its conviction that graphite was the pre-
ferred material for anodes in high vacuum tubes.

We have demonstrated during that period, the superiority of our anodes
by developing almost 100 types of transmitting tubes that have found favor
in commercial broadcasting, aviation and electro-medical fields, as well as tubes

for applications in the high and hyper-high frequency range for the armed
services of the United States and the United Nations.

With our country in dire need of the rare and semi-precious metals employed
as anodes by other manufacturers . . . and with the demand for "military pur-
pose’’ tubes climbing to staggering quantities . . . Amperex is proud of the fact
that its perseverance in developing graphite as an anode substance releases
strategically necessary metals for other and equally important War efforts.
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A Frequency-Modulation Station Monitor
H. R. SUMMERHAYES, JR.f, ASSOCIATE, LR.E.

Summary—This paper describes the development, theory, and
characteristics of a frequency-modulation station monitor developed in
the general engineering laboratory of the General Electric Company.
The monitor measures mean carrier frequency wilth and withou!
modulation and the percentage of frequency modulation as a per-
centage of 75-kilocycle deviation. In addition, it provides a flasher and
alarm circuit for overmodulation adjustable from 50 to 120 per cent
and an audio-frequency fidelily monitoring circuit. The paper begins
with a discussion of the requiremenls for frequency-modulation moni-
tors and compares the problems involved with those tnvolved in standard
broadcast monitors. Several schemes which were examined for use as a
frequency-modulation monitor are briefly described, including counter
and frequency-division systems. The principles and design of the
final monitor are discussed.

The last part of the paper is devoted to a discussion of the salient
development problems encountered, to a detailed description of the
circuit, and to a discussion of the over-all specifications of the com-
merctal sample.

REQUIREMENTS FOR FREQUENCY-MODULATION
MoONITORS

T IS convenient to introduce the problems involved
]:[ in a frequency-modulation station monitor by re-

calling what is required of standard broadcast
monitors. The first of these to be considered is the
frequency monitor, which is a relatively simple device
designed to measure the frequency of the unmodulated
carrier. Simplicity is achieved by virtue of the fact that
in an amplitude-modulation broadcast transmitter the
unmodulated carrier wave is always available for fre-
quency measurement. The frequency of this unmodu-
lated carrier may be measured independently in one
part of the circuit while the same carrier is being modu-
lated in another part of the circuit. The measured
frequency of the unmodulated wave is the same as that
of the carrier component of the radiated band of fre-
quencies resulting from modulation.

In frequency modulation, however, as employed in
the systems now in extensive use, no isolated unmodu-
lated carrier component exists during the modulation
process. In one system, frequency modulation is ac-
complished by means of a reactance tube which directly
varies the frequency of the master oscillator. Thus,
during modulation, there is obviously no isolated car-
rier component in this system which is available for
frequency measurcment. In another system, the fre-
quency modulation is accomplished by using a bal-
anced amplitude modulator and reinserting the carrier
component after shifting its phase by 90 degrees. Since
this system begins with an amplitude-modulation
process in which the unmodulated carrier is readily
available for frequency measurement, it might appear
that no difficulty would exist in obtaining the fre-
quency of the radiated carrier component of the
frequency-modulated wave. However, the frequency-

. * Decimal classification: R254X R414, Original manuscript re-
ceived by the Institute, November 17, 1941. Presented, Summer
Convention, Detroit, Michigan, June 23, 1941; Pacific Coast Con-
vention, Seattle, Washington, August 22, 1941,

t General Electric Company, Schenectady, N. Y.

September, 1942

modulated wave which is obtained in this manner in-
herently must have a very small frequency swing for
distortionless modulation. This condition is fulfilled by
modulating at a lower frequency and subsequently
employing frequency multipliers. In practice, these in-
crease the frequency swing by more than two thousand
times in order to produce the required standard swing
of 75 kilocycles for 100 per cent modulation. This mul-
tiplication factor is so high that if it were applied
directly to the initial frequency-modulated wave, it
would produce a resultant frequency band far above
the regular 42- to 50-megacyclé band. Therefore, the
multiplication is combined with a beating process in
order to reduce the frequency of the modulated wave
without reducing the swing. As a result of this beating
process, the frequency of the final carrier component
is a function not only of the frequency of the initial
amplitude-modulated carrier but also of the frequency
of the heterodyne oscillator.

Thus, in neither of the present widely used systems
is the carrier component of the final frequency-modu-
lated wave directly available for measurement. The
carrier-frequency component must either be measured
without modulation with a conventional frequency
meter or it must be measured during modulation with
a device which separates it from the side tones.

At present, the Federal Communications Commis-
sion requires only that the “center frequency,” which
is defined as the frequency of the carrier without modu-
lation, be held within 2000 cycles of the assigned value
in the high-frequency broadcasting band (42 to 50
megacycles). However, it is desirable that the fre-
quency monitor be capable of indicating the frequency
of the carrier component during modulation because
it is especially during this time that it is important to
keep the transmitter frequency within its tolerance
since shifts of radiated signal band may easily cause ad-
jacent-channel interference or receiver distortion. How-
ever, in a frequency-modulated wave, the carrier
component is a very clusive thing; under some condi-
tions of modulation it disappears entirely, and under
fluctuations in level such as exist in normal programs,
its amplitude is constantly varying so that in itself it
may be regarded as an amplitude-modulated signal
having a small band of frequencies which may be
spaced even closer than the lowest audio modulating
frequency. Thus, its direct separation from the rest of
the components of the wave seems hopeless of accom-
plishment. A more useful quantity, and one which can
be measured, is the mean frequency of the wave. The
mean frequency is the continuous average of the in-
stantaneous frequency taken over a time which is long
compared with the period of the lowest modulating
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frequency. In an ideal frequency-modulated wave, the
mean frequency is the same as the carrier-component
frequency. This follows from the definition of a fre-
quency-modulated wave, the equation for which may
be written as

Kwo .
sin pf o .
p

In this equation wo/27 is the frequency of the carrier
component and p/27 is the frequency of the audio
modulating wave and 4 and K are constants. The
instantaneous frequency is defined as 1/2r times the
rate of change of the phase angle

Kwo .
wol — —— sin pt¢
p

which is (wo/27)(1—K cos pt). The mean value of the
right-hand term of this quantity, taken over a long
time compared with 2m/p, approaches zero so that the
mean frequency approaches wo/2m which is the fre-
quency of the carrier component.

The monitor to be described in this paper measures
the mean frequency of the frequency-modulated wave
which, as shown above, is the same as the frequency of
the carrier component when averaged over a period
sufficiently long compared with the period of the lowest
modulating frequency.

Returning to the comparison with amplitude-modu-
lation monitoring practice, it will be recalled that a
percentage-modulation monitor is also required in a
standard broadcast station. This is usually a linear
detector with an audio amplifier and peak-reading
voltmeter. The percentage modulation is proportional
to the ratio between the amplitude of the detected
envelope of the carrier and the average carrier ampli-
tude. In frequency modulation, however, the percent-
age modulation is defined by the Federal Communica-
tions Commission for high-frequency broadcasting
stations as the percentage of a 75-kilocycle frequency
swing or deviation above and below the carrier com-
ponent which the instantaneous frequency undergoes
during modulation. Thus, the measurement of per-
centage modulation is a measurement of the range of
instantaneous frequency with 75 kilocycles as 100 per
cent. It will be noted that a device which measures the
sideband breadth is not suitable for this purpose since
for high modulating frequencies the sidebands are
considerably broader than the frequency deviation.
The monitor described in this paper measures percent-
age of frequency modulation and also operates a warn-
ing flasher which may be adjusted to flash on peaks of
modulation which exceed the value for which the
flasher control is set. This value may be adjusted to
any desired level between 50 and 120 per cent modula-
tion.

In addition to performing these functions, the moni-
tor also supplies an audio output for monitoring
fidelity. In certain cases, this may also be found useful

e = A sin {wot -
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in estimating transmitter distortion and noise level.
Thus, the unit monitors four essential characteristics
of a frequency-modulated wave as follows: (1) mean
frequency of carrier with and without modulation,
(2) percentage of frequency modulation with (3) alarm
indication for overmodulation, and (4) fidelity of the
modulated signal.

GENERAL DESCRIPTION OF THE MONITOR

Several schemes for the frequency monitor were
considered. One of them was based on the principle of
frequency division. When a frequency-modulated wave
is passed through a series of frequency dividers, the
ratio of sideband energy to carrier-component energy
progressively decrcases and when the frequency de-
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Fig. 1—Block diagram of frequency-modulation station monitor.

viation becomes less than the lowest modulating fre-
quency, practically all the energy resides in the sub-
harmonic of the carrier component. The frequency of
this component, which may be easily measured, is then
equal to the frequency-modulation carrier component
divided by the division factor. However, no sufficiently
simple and economical means of accomplishing the
large frequency division required was found which
would justify the use of this principle in a monitor.

A counter system was examined whereby a large
number of individual frequency-modulation carrier
cycles would be counted during accurately timed in-
tervals. The indicated number of counted cycles dur-
ing the intervals would be proportional to mean fre-
quency. This, again, was far too complicated and ex-
pensive a system to be practicable.

Due to the multiplicity of sidetones in wide-band
frequency modulation and the ever-changing ampli-
tude of the carrier component itself, no means of identi-
fying and measuring the frequency of this component
directly was found.

The method finally adopted measures the average of
the instantaneous carrier frequency using a circuit
which in principle is a modified precision frequency-
modulation receiver. A general account of this will be
given followed by a more detailed discussion of the
problems encountered in the development.

Referring to Fig. 1, the theory of operation is as fol-
lows: The frequency-modulated wave f,+75 kc +Af,
is fed into the monitor from the transmitter. It is
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immediately limited and converted to an intermediate
frequency of approximately 5 megacycles in the mixer
tube. The beat oscillator frequency is derived from a
crystal oscillator and multiplier which has an output
frequency of fi—frr. The frequency-modulated inter-
mediate frequency frr+75 kc+Af, is then fed to a
frequency-discriminator circuit through a buffer-
amplifier stage. The discriminator circuit is designed
to deliver a current which is proportional to the instan-
taneous deviation of the carrier from its assigned
value, being zero at the assigned value. The zero-out-
put-current point of the discriminator may be cali-
brated when necessary by a separate precision crystal
oscillator which has a frequency of frr. The discrimi-
nator output current is averaged over the audio cycle
and the resultant direct current is proportional to the
shift of the mean frequency from its assigned value. A
zero-center, direct-current instrument with a linear
scale marked from -—2000 to 42000 cycles indicates
the difference between the mean carrier frequency and
its assigned value.

The alternating-current component of the output
of the discriminator circuit has the form of the modu-
lating wave because of the linear relation between cur-
rent and frequency in the discriminator. Since the peak
value of the signal is proportional to the peak fre-
quency deviation, the per cent modulation is indicated
by a peak voltmeter. This is operated by the dis-
criminator audio output after amplification and it is
so calibrated that 100 per cent modulation is indicated
when the instantaneous peak frequency deviation is 75
kilocycles. A gas tetrode 2051 tube is arranged with
the peak rectifier output applied to its grid so that
when the modulation peaks exceed some preset value,
which is under the control of the operator, the tube is
“fired.” Since the plate supply voltage for the gas tube
is 60 cycles alternating current, the plate is negative
every 1/60 of a second with respect to the cathode.
This allows the grid to regain control of the plate cur-
rent every 1/60 of a second. The “firing” of the tube
causes a red flasher lamp to light and also closes a relay
circuit which may be connected to an external alarm
device or to a counter to record the number of peaks
of modulation which exceed the value for which the
control is set.

Audio quality monitoring has been provided in this
monitor. Since it is standard practice in frequency-
modulation broadcasting to pre-emphasize the high
frequencies of the audio modulating signal according
to a standard frequency characteristic, a de-emphasis
is necessary in recovering the original audio signal.
In the monitor, as in standard frequency-modulation
receivers, this de-emphasis circuit has an impedance
function which is the inverse of that of the pre-empha-
- 8i8 circuit in the transmitter. The output of the dis-
criminator is passed through this circuit and thence
into a low-distortion output tube designed to feed an
external 600-ohm audio system.

Summerhayes: Frequency-Modulation Station Monitor
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DEVELOPMENT PROBLEMS

At the outset of the development, it was realized
that an averaging circuit, if linear, would deliver a
direct output current proportional to mean frequency
but it was not evident that such a circuit could be made
to maintain sufficiently precise alignment or stability
to give a reliable output indication. The circuit must
have output-current response which is strictly propor-
tional to frequency over a range greater than 150 kilo-
cycles in order to follow faithfully the full excursion
of the instantaneous frequency. However, the total
range of the mean frequency indication is only 4 kilo-
cycles.

A simple example will illustrate the point. Suppose
that the transmitter is operating at its assigned fre-
quency and is modulated with a square wave (50 per
cent pulse width) at full +75-kilocycle deviation.
During the positive half cycles of the square-wave
modulation, the discriminator output current is a
steady positive current of 475 units, assuming 1 cur-
rent unit per kilocycle to be the discriminator slope.
If the discriminator characteristic is linear, then dur-
ing the negative half cycles of the square-wave modu-
lation, the discriminator output current is —75 units,
and the average current, which indicates the mean
frequency, is zero. Now suppose that the discriminator
characteristic is not strictly linear in such a way that
+75 current units flow during the positive modulation
intervals but only —74 instead of —75 current units
flow during the negative intervals, a nonlinearity of only
1.3 per cent; then the average current is +1 unit in-
stead of zero and the indicated mean frequency is 1000
cycles above the actual value, an error of one half of
full scale due to only 1.3 per cent nonlinearity.

It must be realized, of course, that with ordinary
complex modulation waveforms small deviations from
linearity of the discriminator characteristic are not as
serious as would seem from the above example since
the average current is obtained from an integration of
current over the whole discriminator characteristic
rather than from two isolated points as is the case for
square-wave modulation.

The first major question to be answered in the de-
velopment, then, was whether or not a sufficiently
linear response could be obtained economically in the
frequency-discriminator circuit. Rather than find the
answer to this question by mathematical analysis of
the complicated discriminator circuit, the circuit was
set up and adjusted for best linearity of response be-
tween output current and input frequency. Holding
constant input amplitude, it was found that the
characteristic did not deviate from a straight line by
more than about 1/2 of 1 per cent and this was the
order of accuracy of the output current measurement
and of the constancy of the input amplitude.

This result seemed to justify an experimental test of
the stability of the output indication of mean frequency
since this was the next questionable characteristic
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of this type of circuit for use in a precision monitor.
It was found, for example, that in a typical discrim-
inator circuit a change in secondary capacitance
of only 52 parts per million caused a 200-cycle change
in indicated frequency out of the possible full-scale
indication of 2000 cycles. It was previously mentioned
that the discriminator may be instantly calibrated by
throwing a switch. This applies a signal from a pre-
cision crystal oscillator whose frequency is equal to the
crossover frequency of the discriminator. The output
indication at this frequency can be adjusted to zero

@

<

Fig. 2—Conventional frequency-discriminator circuit.
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by a vernier secondary trimmer capacitance on the.dis-
criminator. Nevertheless, in order that this calibration
process be required as infrequently as possible, it is de-
sirable to have as high a stability as possible. For
stability of 200 cycles in the output indication of mean
frequency, the requirement for secondary discrimi-
nator inductance and capacitance is a stability of 0.005
per cent. This requirement was met by using special
precautions in the design and manufacture of the coil
form and winding and by employing suitable negative-
temperature-coefficient tuning capacitors to supply
compensation for the positive temperature coefficient
of the inductances. With these precautions it has been
found possible to omit the temperature control of the
discriminator transformer employed in the earlier
samples without loss of accuracy in the frequency in-
dication.

The author would like to acknowledge at this junc-
ture that it was largely due to E. D. Cook of the
General Electric Company that this type of monitor
circuit was investigated at all. It was generally be-
lieved that the linearity and stability requirements
would be too severe for such a circuit to be practicable
for use in a precision mean-frequency monitor. How-
ever, once having established by test that the dis-
criminator could be made to have the required char-
acteristics, the decision to concentrate on such a
design was easily made and the monitor circuit, as
previously described and as illustrated in Fig. 1, was
developed.

The intermediate frequency is a function of the
frequency of both the beat oscillator and the incoming
wave to be monitored. For this reason the highest
quality, temperature-controlled crystal available is
used in the oscillator-multiplier circuit. The converter
has been designed to provide amplitude limiting of the
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incoming wave from the transmitter in order to reduce
to an acceptable degrec any amplitude modulation
which may be caused by maladjustment of the trans-
mitter or by nonuniformity in the frequency response
of the cable used to introduce the transmitter signal
into the monitor. Amplitude modulation of this type is
synchronous with the frequency modulation; that is,
as the instantancous frequency changes following the
modulating wave so does the amplitude of the output
change at a rate controlled by the modulating wave
and the shape of the frequency responsc. If such a
frequency- and amplitude-modulated wave is supplied
to the discriminator, an incorrect mean-frequency in-
dication will in general result because the current out-
put of the discriminator is proportional to amplitude
as well as to frequency of the signal supplied to it.

DESIGN OF DISCRIMINATOR

As the development progressed, a problem of sen-
sitivity soon presented itself in regard to obtaining
sufficient current from the discriminator for mean-
frequency indication. The conventional discriminator
circuit illustrated in Fig. 2, as used in receiver applica-
tions, is designed primarily to have a high voltage
sensitivity; that is, to deliver an audio voltage as large
as possible for a given swing in frequency. This is ap-
plied to the loudspeaker through a suitable amplifier.
In the monitor, however, it is also required that the di-
rect output current, which is proportional to variation
of the mean frequency, be available at a useful level.
The range of mecan-frequency variation is 4000 cycles
whereas the range of the instantancous frequency is
150,000 cycles so that the amplitude of the mecan-
frequency indicating signal is only 4/150, or 2.7 per
cent of the amplitude of the audio signal from the dis-

Fig. 3—Current-sensitive frequency-discriminator circuit.

criminator. Furthermore, the mean-frequency indica-
tion is a slowly varying direct-current signal, and a
stable direct-current amplifier is not easy to build.
These considerations led to the development of a modi-
fied discriminator circuit, illustrated in Fig. 3, which
is especially adapted to giving a high current sensi-
tivity rather than a high voltage sensitivity. Moreover,
this modified discriminator is balanced to ground and
allows an audio signal of cither polarity to be obtained
from it. Thus, indication of either positive or negative
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percentage modulation is available. A direct-current
instrument which is by-passed for audio frequencies
has been provided to indicate the average output cur-
rent directly from the discriminator and direct-current
amplification is therefore not required.

In the conventional discriminator (see Fig. 2) Ei
and E; are equal and opposite direct voltages when
the center frequency is applicd to the discriminator.
The sum of these voltages E is zero. As the frequency
deviates to one side of center frequency E, increases
and E; decreases so that E . becomes positive; on the
other side of center frequency, E. becomes negative.
A direct-current instrument to measure mean fre-
quency must be be placed in serles with R, across R,
and R;, and R, must be large compared with R, and R,.
This results in relatively low current sensitivity
through R;.

In the current-sensitive discriminator circuit (see
Fig. 3), on the other hand, the diode voltages E, and
E, are in the same direction and proportional to I,
and I, respectively. The difference current I between
I, and I, flows through the center-frequency instru-
ment through a small resistor to ground, and back
up to the secondary coil of the discriminator through
another resistor and a radio-frequency choke. At
center frequency, I=1I, and I.,=0. At frequencies
above and below center frequency, I. has positive
and negative values, respectively, and follows a linear
characteristic with frequency as does the voltage E.
in a conventional discriminator circuit. The resistors
R, and R, are inserted to give peak voltages propor-
tional to positive and negative frequency swing dur-
ing modulation. Voltages from these resistors supply
the modulation-monitor circuits.
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Fig. 4—Frequency-modulation station monitor crystal-oscillator
frequency deviation taken during a 15-day continuous run.

Since the center-frequency indication is a function
of both frequency and amplitude of the signal at the
discriminator, it is required that a particular signal
level exist there for correct indication. This may be
indicated conveniently by a high-resistance direct-
current instrument connected across R; and R,. For
any frequency in the pass band, E is as much greater
than its value at center frequency as E, is less than its
value at center frequency. Thus, the sum of E, and
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E, is constant over the pass-band and E, is a direct
voltage even during modulation. Provision has been
made to employ the percentage-modulation instru-
ment for this purpose. It may be inserted in the level-
measuring circuit by means of a front-of-panel push
button when calibration is desired.

The de-emphasis circuit employed in this monitor
is a resistance and capacitance network having the
standard time constant. It is shown between R, and

Fig. 5—Frequency-modulation station monitor
complete with cabinet.

point C in Fig. 3. This feeds the audio-output tube
which delivers approximately 0.3 volt audio in 600
ohms at 100 per cent, 100-cycle modulation with very
low distortion.

The amplifier which raises the level across R, or Ry
to a value sufficient for percentage-modulation indi-
cation is highly stabilized by negative feedback; the
gain of this amplifier is only one thirtieth of what it
would be without the feedback. This results in a cali-
bration of the percentage-modulation instrument
which is virtually independent of aging or changing
of the percentage-modulation-circuit tubes.

No calibration of the monitor beyond adjusting for
level and center frequency, as described previously, is
necessary. This results from the inherent stability of
the slope of the discriminator. Since a given change in
the discriminator constants produces about one hun-
dredth as much effect on the slope as it produces on
the crossover point and since the stability with respect
to crossover point is already on the order of 200
cycles, it is apparent that the stability of the slope of
the curve is more than adequate.

OVER-ALL ACCURACY

The over-all accuracy of the center-frequency indi-
cation without modulation is mainly dependent on the
accuracy of the local oscillator. During a 15-day con-
tinuous test run, one of these oscillators held within
25 cycles of its proper frequency. The error produced
in center-frequency indication from this cause was a
maximum of 225 cycles because of the nincfold multi-
plication of this frequency preceding the beating
process. It should be noted, however, that a 25-cycle
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error in the calibration oscillator produces only 2§
cycles error in the calibration of the discriminator
center frequency because this operation is carried out
at the fundamental frequency of the calibration oscil-
lator. Rigorous tests have proved that accuracy is
well within the 1000-cycle tolerance required by the
Federal Communications Commission for frequency-
modulation monitors.

The accuracy of the mean-frequency indication dur-
ing modulation is more difficult to evaluate. It is sub-
ject to the - same errors as the indication without
modulation but, in addition, it is affected by the ac-
curacy of the averaging process. One method which
has been used to measure this accuracy is to separate
the carrier component from the side tones. In a dis-
tortionless frequency-modulated wave the side tones

are symmetrically placed about the carrier and the
mean frequency of the wave is identical with the car-
rier-frequency component. When a high modulating
frequency is used, the side tones nearest to the carrier
are separated from it by frequency intervals equal to
this high modulating frequency. Thus, for such a con-
dition, it is easy to separate the carrier-frequency com-
ponent and to measure its frequency. A test of this
kind on the monitor showed that the accuracy of the
indicated mean frequency with modulation was within
150 cycles of the accuracy of the measurement of
carrier frequency without modulation. This was for
100 per cent, 10-kilocycle modulation. However, a suf-
ficient condition for the accuracy of indication is that
the over-all discriminator output be a linear function
of the input frequency.

The Service Area of Medium-Power Broadcast

. *
Stations
P. E. PATI'{I(‘.KT, ASSOCIATE, L.R.E.

Summary—According to modern standards for amplitude-modu-
lated transmission in the band from 500 to 1500 kilocycles, the field
intensities required lo provide a good service in urban, residential,
and rural areas are 25, 5, and 0.5 millivolls per meter, respectively.
It is useful to be able to make a rapid preliminary assessment of the
service area that will be obtained from a station in the considered band,
for various values of m", frequency, and conductivity. Families
of curves are given to s these relationships for the powers 1/5, 1, 5,
and 25 kilowaltts and for the three field intensities 25, 5, and 0.5 milli-
volts per meter. When the distribution of population in an area is
known, it is then easy to find the station site which will give the most
efficient coverage.

The main factors and principles affecting the coverage of a station
s;‘ea ﬁcussed, and methods of dealing with practical problems are

tled.

I. INTRODUCTION

HE problem of coverage from a medium-power
Tbroadcast transmitter in the band from 500 to

1500 kilocycles, is of interest to a large number
of radio engineers. Although few are called upon to do
detailed design and test work, there are many who have
to deal with the preliminary design of stations in this
band. Furthermore a clear understanding of the factors
and principles involved is of value to all radio engi-
neers.

The subject has, of course, received considerable at-
tention and many excellent papcrs have been written
on specific problems. However the field is wide and
certain aspects are very complex. An attempt will be
made, therefore, to gather together and present logi-
cally the results of available theoretical and practical
investigations.

The method of approach to this synthesis of facts
has been based on the fundamental idea that the ratio

* Decimal classification: R270. Original manuscript received
by the Institute, November 17, 1941,

t South African Broadcasting Corporation, Grahamstown,
South Africa.
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between two quantities is more important than their
numerical difference. A simple illustration should suf-
fice to make the meaning clear.

The power of a transmitter is doubled from 25 to 50
kilowatts. The field intensity reccived by any listener
then increases by about 40 per cent. Thus the actual
audio signal from the listerner’s loudspeaker increases
by the same percentage. The increase in power at any
rate is quite impressive. However the listener's ear,
which is the instrument that really matters, works ac-
cording to Weber's law. This law says that the per-
ceptible increase in stimulus is proportional to the
stimulus already existing. This means that any change
heard by the listener must be measured in terms of
ratios and not in terms of absolute magnitudes. Fortu-
nately engincers are already accustomed to express
ratios logarithmically in terms of decibels. In this case
an increase in power from 25 to 50 kilowatts gives an
increase of 3 decibels. It can easily be proved in any
control room that a change of 3 decibels in the level of
speech or music is of small account. Therefore a two-
fold increase in power may have a certain publicity
value, but the listener will scarcely notice the change.

If the question of coverage is approached with a
clear understanding of the importance of the idea of

ratios, it will be much simpler to obtain a picture in
true perspective.

II. POwER

. A variation of 1 decibel in an audible pure tone is
just noticeable, but for speech or musi¢ the variation
must be some 3 decibels, and about 6 decibels before
it is really effective. The effect of power variation in
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terms of decibels is shown in Fig. 1. A variation of 7
decibels corresponds to a fivefold change in power. If,
therefore, a power of 1 kilowatt is taken as a reference
point, fivefold changes give powers of 1/5, 1, 5, and 25
kilowatts. This is a useful series, as standard trans-
mitters are available in these powers. In a later section
families of curves for service areas will be given for each
of these four powers.

It must be emphasized here that small changes in
power are meaningless as far as the listener is con-
cerned. Four- and fivefold changes are about the
smallest that should be considered.

I11. Noise LEVEL

The service area of a broadcast station is consider-
ably affected by the prevalent noise levels. Modern
standards for the field strengths required to give a
good service in urban, residential, and rural areas are
25, 5, and 0.5 millivolts per meter, respectively.

The noise that must be overcome by the signal in
urban and residential areas is caused almost entirely
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Fig. 1—Power variation in terms of decibels.

by electrical appliances. Although random in effect, the
incidence of this noise is practically independent of
frequency in the band from 500 to 1500 kilocycles.

In rural areas, however, the noise is mainly due to
natural atmospheric disturbances. The available evi-
dence shows that the amplitude of this noise varies in-
versely as the frequency between 500 and 1500 kilo-
cycles.!* The signal strength required to overcome
noise in rural areas is taken as 0.5 millivolt per meter
at 750 kilocycles. The signal required at other fre-
quencies is shown in Fig. 2.

The intensity of atmospheric disturbances rises
rapidly after nightfall, and is at its highest in mid-
summer. During summer there are areas where the sug-
gested rural signal will be inadequate. Local measure-
ments over a lengthy period will then show what field
intensity will be required. As atmospheric disturb-
ances occur during the peak listening period, it will
usually be necessary to provide a signal-to-noise ratio
of not less than 20 decibels.

1 Glenn D. Gillett and Marcy Eager, “Some engincering and
economic aspects of radio broadcast coverage,” Proc. I.R.E., vol.
24, pp. 190-206; February, 1936.

t ], H. Little and F. X. Rettenmeyer, “A five-band receiver for
automobile service,” Proc. I.R.E., vol. 29, p. 153; April, 1941.

IV. FADING

Variations in the amplitude of a received signal are
easily smoothed out by automatic volume control on
the receiver. The distortion due to fading, however,
sets a definite limit to the nighttime service area of a
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Fig. 2—The field intensity in millivolts per meter required
to overcome noise in rural areas.

transmitter. Severe fading and distortion will occur
beyond the radius at which the sky wave reaches half
the intensity of the ground wave. Inside this “fading
radius” distortion usually will be absent. As the radius
at which fading commences depends upon the ratio of
the ground wave to the sky wave, it is independent of
the radiated power. The three factors affecting the
fading radius are the frequency, conductivity, and
antenna.

The attenuation of the ground wave is determined
chiefly by the soil conductivity and the frequency. The
intensity of the sky wave depends largely upon the
vertical radiation pattern of the antenna. The varia-
tion in the radiation pattern with antenna height for
sinusoidal distribution of antenna current is given in
Fig. 3. The vertical scale shows the ratio between the
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Fig. 3—Vertical radiation patterns for antenna heights
of 0, 0.125, 0.25, and 0.5 wavelength.

radiation at various angles above the horizontal to the
radiation horizontally. Four curves are given for an-
tennas of 0, 0.125, 0.25, and 0.5 wavelength in height.
There is little difference between the radiations at high
angles for antennas between 0 and 0.25 wavelength

s
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in height. Therefore, as far as fading is concerned, an-
tennas in this range have similar propertics.

As will be seen in Fig. 3, the high-angle radiation
from a 0.5-wave antenna is much less than that from
antennas of 0.25 wavelength or less in height. It is
scldom, however, that the additional cost of a 0.5-
wave antenna can be justified for a medium-power
station. It will be seen later that, for powers up to 3
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Fig. 4-—Fading radius for a short antenna for conductivities of 20,
30, 40, 50, 60, 80, and 100 X101 electromagnetic unit’

kilowatts, all or most of the rural service area is within
the fading-free area for a short antenna.

The fading radius at which the ground wave has
twice the intensity of the sky wave has been plotted in
Fig. 4 for various values of conductivity. These curves
are derived from previously published figures.?® Al-
though the curves were calculated for a 0.25-wave
antenna, they can be used for shorter antennas with
only a slight error. Similar curves for a 0.5-wave an-
tenna are shown in Fig. 5. These curves are probably
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Fig. 5—Fading radius for a 0.5-wave antenna for conductivities of
20, 30, 40, 50, 60, 80, and 100X 107 electromagnetic unit.

less reliable than the curves for a short antenna, as the
measured values for the high-angle radiation from a
0.5-wave antenna may differ considerably from the
theoretical values.*

? William A. Fitch and William S. Duttera, “Measurement of
broadcast coverage and antenna performance,” RCA Rev., vol. 2,
pp. 396—413; April, 1938.

¢ A. B. Chamberlain and W. B. Lodge, “The broadcast an-
tenna,” Proc. L.LR.E,, vol. 24, pp. 11-35; January, 1936.
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V. CONDUCTIVITY

Accurate determination of the conductivity of an
arca must be done by measurement. The most satis-
factory method is to take a measured curve of field
intensity versus distance and fit it to calculated curves
as has been described previously.®® However for pre-
liminary work the table of conductivitics given in
Table I has been found useful.®

TABLE 1
DETERMINATION OF CONDUCTIVITY

| | Conductiv-

i Difference | . | ity X10-1
Terrain in Elevation Soil Type Remarks | Electro-
(Feet) | | magnetic
Unit
Sea water o 10,000
Fresh water | 5000-8000
Marsh Loam and silt | 1000
Flat or rolling 50 Black loam 150-200
gently )
Rolling 50- 100 | Loams and 80-100
sandy loams
Rolling 100- 500 | Sandy loam 60-80
mostly
Hilly 500~ 800 | Gravelly, sandy 40-60
and rocky loams
Suburbs and 30-40
small towns
Hilly 600-1000 | Gravelly, sandy 30-40
and rocky loams
Flat or hilly Sand and shale | 25-40
Very broken 300-1000 | Gravelly, stony | Ravined but 20-30
land not neces-
sarily high
Residential sec- Not for high 20-30
tions and towns , steel buildings
Mountains 1000-1500 | Stony land 10
Broken moun- 1000-8000 | Stony land 5-7

tains

V1. VariaTION IN CONDUCTIVITY

The van der Pol curves®s of field intensity versus dis-
tance reveal that in the band from 500 to 1500 kilo-
cycles the attentuation approaches a ' maximum which
is independent of the conductivity after a certain
distance has been reached. The attentuation then be-
comes approximately proportional to the 2.3 power of
the distance. At short distances the attenuation de-
creases as the conductivity increases. Therefore a
transmitted wave should be given a good start by
commencing its journey over ground of the best pos-
sible conductivity. To illustrate the importance of this
conclusion, curves 4 and B have been plotted in Fig.
6. It was assumed that a transmitter had an inverse
ficld intensity of 100 millivolts per meter at 1 mile. It
was required to transmit a signal to a point at a dis-
tance of 40 miles. In the case of curve 4, the conductiv-
ity for the first 20 miles was 25X 10~ electromag-
netic unit and for the second 20 miles it was 100X 10~
electromagnetic unit. In the case of curve B conditions
were reversed and the conductivity for the first 20
miles was 100X 10~% ¢lectromagnetic unit. Points on

¢ H. E. Gihring, “A field intensity slide rule,”
December, 1935. ity slide rule,” Broadcast News,
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the curves were obtained by using a field-intensity
slide rule.®

Fig. 6 reveals that the effect is considerable at the
higher frequencies. At 1500 kilocycles the field in-
tensity for curve 4 is about 17 decibels below that for
curve B.

VII. INVERSE FIELD INTENSITY

Three main factors affect the inverse field intensity
which is usually taken as the unattenuated field in-
tensity in millivolts per meter at a distance of 1 mile
from the antenna for an input power of 1 kilowatt. The
three factors are the number of radial wires in the earth
system, the length of these radials, and the height of
the antenna.

The effect of increase in the number of radials on the
inverse field intensity at 1 mile for 1 kilowatt is shown
in Fig. 7. These curves are derived from experimental
results obtained at a frequency of 3000 kilocycles.®
They will, however, serve to show the nature of the
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Fig. 6—Field intensity at a point 40 miles from a transmitter with

an inverse field intensity of 100 millivolts per meter at 1 mile
for the following conductivities:

Curve Miles Electromagnetic Unit
A 0-20 251071
2040 100X 10718
B 0-20 100 X10-t¢
2040 25 X107

effect. Curves A and B are for 0.412-wave radials and
for 0.25- and 0.125-wave antennas, respectively.
Curves C and D are for 0.274-wave radials and for
0.25- and 0.125-wave antennas, respectively. The
dashed line represents the theoretical maximum inverse
field intensity of 194.5 millivolts per meter obtainable
from a 0.25-wave antenna. Curve B is suspect hecause
it differs in shape from curves A, C, and D. These
curves show that the field intensity obtained from a
0.125-wave antenna is only about half a decibel below
that obtained from a 0.25-wave antenna under the
same conditions. It is possible to obtain an inverse
field intensity of about 180 millivolts per meter from
a 0.125-wave antenna at 1 mile for 1 kilowatt.

It is, however, interesting to note that all of the four
curves are within 2 decibels of the theoretical maxi-

¢ G. H. Brown, R. F. Lewis, and J. Epstein, “Ground systems
as a factor in antenna efficiency,” Proc. |.R.E., vol. 25, pp. 753-
787; June, 1937.
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mum inverse field for a 0.25-wave antenna provided the
number of radials exceeds 30. It seems therefore that
the use of a large number of radials may not always be
justifiable on grounds of economy. This conclusion
draws the attention to the need for reliable experi-
mental curves showing the relationship between the
inverse field intensity and the number of radials for
various antenna heights, conductivities, frequencies,
and lengths of radials.
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Fig. 7—The inverse field intensity at 1 mile for 1 kilowatt versus
the number of radials for various values of antenna height 1
and radial length L.

Curve 4 H=0.25 L=0412
Curve B H=0.125 L=0412
Curve C H=0.25 L=0.274
Curve D H=0.125 L=0.274

Certain straight-line relations between the inverse
field intensity and the length of the radials have been
given for various antenna heights.* However the in-
verse field intensity cannot increase in this way as
there are theoretical limits above which it should not
rise.® Curves, therefore, have been derived from experi-
mental results obtained at a frequency of 3000 kilo-
cycles,® and these are shown in Fig. 8. Curves 4 and C
are derived for 0.25- and 0.125-wave antennas, and
curve B was given in the original investigation for a
0.215-wave antenna. The theoretical maximum in-
verse field intensity of 194.5 millivolts per meter for a
0.25-wave antenna is also shown as a dashed line in
Fig. 8. The curves in Figs. 7 and 8 seem to be reliable
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Fig. 8—The inverse field intensity at 1 mile for 1 kilowatt versus
the length of radials for 120 radials and for various values of
antenna height /1,

Curve 4 H=0.25
Curve B H=0.215
Curve C H=0.125

as they approach but do not exceed the theoretical
maximum inverse ficld intensity of 194.5 millivolts
per meter. It may therefore be said that although 0.5-
wave radials may be ideal, 0.35-wave radials will be
quite satisfactory. This conclusion is important be-
cause the latter radials require only half the ground
area for installation.

The curves in Fig. 8 also show that the inverse field
intensity for the antennas considered is within 2
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decibels of the theoretical maximum if the radial length
exceeds 0.2 of a wavelength. Although no compre-
hensive experimental curves for the relation between
the inverse field intensity and the radial length are
available, it is possible to conclude that, where econ-
omy is important, the length of the radials may be
considerably reduced without reducing the inverse
field intensity appreciably. However the voltage at the
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Fig. 9—The inverse field intensity at 1 mile for 1 kilowatt versus
the antenna height for various numbers of radials ¥ and radial
length L.

Curve T Theoretical Maximum Values

Curve 4 N=113 L=0412 ,
Curve B N=113 L=0.274
Curve C N= 15 L=0.412
Curve D N=113 L=0.137
Curve E N= 15 L=0.137

base of a short series-fed antenna may be considerable
and the total earth current near the antenna may rise
to high values.®7 The earth system near the base of a
short antenna, therefore, must be efficient so that
earth losses may be minimized. If all the radial wires
do not extend right up to the base of the antenna, a
ground screen should be used.

As the area of the ground system is proportional to
the square of the radial length, the area of the ground
will become very large at low frequencies. A search
was made for some legitimate reason for reducing the
length of radials with decrease in frequency. A previous
investigation discussed the losses in the earth system.®

It was assumed that the earth current travels in a
layer of earth of thickness

1
V'mpef

where f is the frequency in cycles per second, p is the
permeability, and ¢ is the conductivity.

Then the power dP lost in a ring of width dx at a
distance x from the antenna is

(1

S =

Idx

dP = (2)
2w xsc

= Kn/fdx A3)

where K, is independent of the frequency.

The earth loses are proportional to the square root
of the frequency.

7 H. E. Gihring and G. H. Brown, “General considerations of

tower antennas for broadcast use,” Proc. I.R.E., vol. 23, pp. 311-
356; April, 1935.
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It has been assumed so far that

1
L «—
S

4)
where L is the radial length.

If, however, it is desired to keep the losses in the
earth system constant, it might be possible to do so by
increasing the length of the radials so that

L = /7. (5)
If (4) and (5) are combined,
1
L o ——- 6
NG (6)

This means that if 0.5-wave radials are considered
sufficient at 1500 kilocycles, 0.29-wave radials will suf-
fice at 500 kilocycles. The use of this principle would
economize considerably in the area of ground required
at the lower frequencies.

If (2) is examined for the effect of conductivity, the
following relation is obtained for the power lost:

K
dP = —dx
Ve
where K is independent of the conductivity.

It is possible to conclude, therefore, that less-ex-
tensive carth systems are satisfactory where the soil
conductivity is high.

The theoretical curve for antenna height versus the
inverse ficld intensity at 1 mile for 1 kilowatt is shown
as a full line in Fig. 9. The dashed curves show experi-
mental results obtained at 3000 kilocycles for various
lengths and numbers of radials.® It appears that the
use of an efficient earth system becomes more impor-
tant as the antenna height decreases. It would seem
that antennas below 0.1 wavelength in height might
be used, but there is a practical diffculty in the way.
The average of several curves for the variation in base
voltage with the height of a scries-fed antenna is given
in Fig. 10 for a power of 1 kilowatt. The peak voltage
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Fig.‘ 10—Base voltage versus antenna height in wave-
engths for 1 kilowatt for a series-fed antenna.

fqr 100 per cent modulation is 2.828 times the figures
given. It will be seen that the voltage rises rapidly for
antennas below 0.15 wavelength in height. Reasonably
efficient antenna-coupling circuits can be economically

designed for heights of the order of 0.125 of a wave-
length.
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According to the curves given in Fig. 9, it is quite
easy to obtain an inverse field intensity within 2 deci-
bels of the theoretical maximum even with compara-
tively small earth systems, as long as the antenna
height exceeds 0.125 of a wavelength. Except for very
poor earth systems, the inverse field intensity from a
0.25-wave antenna exceeds that from a 0.125-wave
antenna by only a fraction of a decibel. It would appear
therefore that the most economical antenna is the
shortest which can be fed efficiently. The only impor-
tant consideration, which may justify the use of an
antenna much above 0.125 wavelength in height, is the
increase in the fading-frec area which may be ob-
tained by using an antenna of the order of 0.5 of a
wavelength in height.

The effect on the inverse field intensity of capacitive
tops and other devices for reducing the height of the
antenna is negligible, although the distance at which
fading commences may be affected when these devices
are added to antennas of the order of 0.4 of a wave-
length in height.”8

By the use of a directional antenna array it is pos-
sible to reduce the radiation in some desired direction
by quite a large amount. It is not, however, possible
to increase the radiation in a desired direction by more
than a few decibels. The inverse field intensity is in-
creased by 3 decibels for each bisection of the hori-
zontal angle through which the power is radiated.
Therefore, as far as field intensity and service area are
concerned the additional cost of a directional array
will seldom be warranted.

It is unlikely that shunt feeding will facilitate the
use of antennas below 0.125 wavelength in height. It
has been shown both theoretically and experimentally
that the current below the tap point in a shunt-fed
antenna may rise to values many times normal.®!® As
the base of a shunt-fed antenna is at earth potential,
there may be a high voltage gradient between this
point and the tap point, and a correspondingly large
current will flow.

VIII. SERVICE AREA

Service radius curves are given in Figs. 11, 12, 13,
and 14 for 1/5, 1, 5, and 25 kilowatts, respectively.
These curves are derived from van der Pol’s empirical
formula for the propagation of radio waves.>® The
curves are drawn for the following conditions:

1. Inverse field intensities of 80, 180, 400, and 900
millivolts per meter at 1 mile for 1/5, 1, 5, and 25
kilowatts, respectively.

2. Minimum field intensities of 25 and 5 millivolts per
meter for urban and residential areas, respectively.

8 G. H. Brown, “A critical study of the characteristics of broad-
cast antennas as affected by antenna current distribution,” Proc.
I.R.E., vol. 24, pp. 48-81; January, 1936.

? Pierre Baudoux, “Current distribution and radiation proper-
ties of a shunt-excited antenna,” Proc. 1.R.E., vol. 28, pp. 271-275;
June, 1940.

1 [ F.Morrison and P. H. Smith, “The shunt-excited antenna,”
Proc. I.R.E., vo!. 25, p. 686; June, 1937.
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3. Minimum field intensities as shown in Fig. 2 for
rural areas.

4. Conductivities of 20, 30, 40, 50, 60, 80, and
100 X 1015 electromagnetic unit.
A useful relation applies to the curves for service in

rural areas:
r 21.7_6—
s ik 8
R E ®)

where R is the known service radius, £ is the known
field intensity, while  is the unknown service radius,
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and e is the unknown field intensity. Therefore, the
service radius for a field intensity differing from the
values shown in Fig. 2 may be found easily.
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Fig. 14—Service radius in miles for a power of 25 kilowatts for
urban, residential, and rural areas for conductivities of 20, 30,
40, 50, 60, 80, and 100X 101 electromagnetic unit.

1X. SERVICE EFFICIENCY

The first step in the preliminary design of a station
is to prepare a map showing the distribution of the
population in the urban, residential, and rural areas
of the district that has to be served. The curves in Figs.
11, 12, 13, and 14 show that it is generally advisable
to place the transmitter as near as possible to the urban
areas. However alternative sites may be sclected ac-
cording to well-known principles and local conditions.
The contours for 25, 5, and 0.5 millivolts per meter
should then be drawn for each site. The fading radius
is used for the rural-area contour if it is less than the
rural-service radius. If the conductivity is not uniform
around the site, the contours must be drawn accord-
ingly, so that each.contour need not necessarily be a
complete circle, but will be made up of arcs of different
radii. Once the contours have been drawn, a count of
the persons living within each contour enables a com-
parison of the service efficiencies of the alternative sites
to be made.

The following formula is suggested for the compari-
son of service efficiencies, as it takes into account those
persons who receive a signal less than that which is
considered to be effective:

b/2
s=“_i

B )

where S is the service efficiency, P is the total popula-
tion of the district to be served, and the number of
persons receiving an effective signal is given by a. The
number of persons receiving a signal one degree lower
than normal is given by b. Urban listeners receiving a

field intensity between 5 and 25 millivolts per meter
and listeners in a residential area receiving a field in-
tensity between 0.5 and 5 millivolts per meter are in
this class. Urban listeners who reccive a field intensity
between 0.5 and S millivolts per meter are not counted
as this class of reception is invariably bad.

The final economic measure of the efficiency of a
station is the annual cost per person in the effective
service area:

y|

v o

where. 4 is the annual cost of operating the station.
An evaluation of C makes it possible to compare alter-
native designs.

X. CONCLUSIONS

The service area and service efficiency of a station
in the band from 300 to 1500 kilocycles are mainly de-
termined by four factors; the power, conductivity, fre-
quency, and the placing of the station with respect to
the distribution of the population.

1. The power and the field intensity may be increased
by 21 decibels through the range from 1/5 to 25
kilowatts.

2. \WWhen the conductivity rises from 20X 10~% electro-
magnetic unit to 100X 10~ electromagnetic unit,
the average increase in the field intensity is of the
order of 10 decibels, but the increase may be as
much as 18 decibels and as little as a fraction of a
decibel. .

3. \When the frequency decreases from 1500 to 500 kilo-
cycles, the average increase in field intensity is of
the order of 15 decibels, and the maximum increase
may be as much as 20 decibels.

4. When the distance between the transmitter and the
receiver is halved, the average increase in ‘the field
intensity is of the order of 10 deeibels but the in-
crease will not be more than 14 decibels, nor will it
be less than 6 decibels.

By comparison with the above four factors, the de-
sign of the antenna and the earth system is of second-
ary importance. The antenna neced not exceed 0.125
of a wavelength in height and the use of a reasonably
cfficient carth system will ensure that the field in-
tcnsi.ty will be only a few decibels below the theoretical
maximum.

. The conductivity is beyond the control of the de-
signer and the station frequency and power are usu-
ally chosen for him. The successful design of a station

must then rest upon the careful choice of the most
suitable site.




Circuit for Neutralizing Low-Frequency Regeneration

and Power-Supply Hum’

WEN-YUAN PANf{, ASSOCIATE, LR.E.

Summary— In high-gain multistage amplifiers, low-frequency
regeneration frequently exists which affects the amplification charac-
teristics of the amplifier and commonly causes oscillations and “motor-
boating.” A simple bridge-balancing circuit has beem devised lo
neutralize this effect. Bestdes reducing regeneration, it also reduces
the effects due to hum_present across the plate-supply filter. Reductions
in the order of 40 decibels are attainable,

N HIGH-GAIN multistage amplifiers, low-fre-
]:[ quency regeneration frequently exists which affects
the amplification characteristics of the amplifier
and commonly causes oscillations and “motorboating.”
Such low-frequency regeneration is principally caused

SECOND STAGE

INPUT STAGE

T T0 RECTIFIER
COMMON PLATE IMPEDANCE ZcE. T /AL CONDENSER
} | OF FILTER SYSTEM
t 4

Fig. 1—Schematic of neutralized amplifier.

by the impedance of the power supply, i.e., the imped-
ance measured across the output terminals of the recti-
fier-filter system looking toward the rectifier. Voltage
developed across this impedance by the current in the
final amplifier stage is fed back to stages of lower power
levels, to cause the regeneration and oscillations.

The usual method of combating this regeneration is
to employ resistance-capacitance combinations as de-
coupling filters. However, the effectiveness of the
decoupling filter is less the lower the frequency,
whereas it is at the very low frequencies that the re-
generative effects are most troublesome. The purpose
of this paper is to present a simple circuit of low cost
that eliminates the regeneration at all frequencies, and
yet has little or no effect on amplifier performance.

Fig. 1 is a schematic diagram showing the neutraliz-
ing of feedback from high-level stages back to the plate
circuit of the first stage as a result of the plate-supply
impedance Z, that is common to several stages. The
only difference between this and the ordinary circuit
is the addition of a condenser C,. By properly adjust-
ing the circuit constants used in the grid and cathode
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Fig. 2—Attenuation characteristics of neutralized amplifier.

* Decimal classification: R363.2, Original manuscript received by the Institute, November 26, 1941.
1 China Defense Supplies, Inc., Washington, D. C., and Universal Trading Corporation, New York, N. Y.
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circuits of the second amplifier stage the condenser C;
can be made to introduce a voltage E, across the
cathode resistor of this stage that exactly balances out
the voltage E, applied to the grid of the same tube
because of the presence of voltage across the common
plate impedance Z..
Let E,=voltage across the common plate imped-
ance
E;=voltage introduced across the cathode of
second amplifier stage due to the presence
of E,
E.=voltage existing on the grid of second ampli-
plifier stage due to the presence of E,
w=2r X frequency.

Then, )
Ei=Ep—— 1
1 0 1 + Cs + 1 ( )
C:  jwCaR;
1

E=E—M————— = (2)

1

e

PRI L B,

R: R,  jwCiR,

where,

R, = plate resistance of the input amplifier tube

For perfect neutralization, the voltages E, and Ej
should be equal in magnitude and in phase, which gives

R
Cs = &(1 L _i> (3)
C: R, R,
Ci R; Rl)
—=—(14—). 4
C, Rz( + R, “

Equations (3) and (4) are independent and both must
be satisfied. It will be noted that the conditions for
balance are independent of frequency.

This neutralizing circuit reduces power-supply hum
to the same extent as it does regeneration. This is be-
cause such hum is caused by a voltage fed back from
the power supply to the input stages, just as regenera-
tion is caused by a voltage fed back in the same way.
The only difference in the two cases is that the voltage
across the output of the power supply arises from dif-
ferent causes.

Formulas for the Skin Eﬁ'ect*

HAROLD A. WHEELERY, FELLOW, LR.E.

Summary—At radio frequencies, the penetration of currents
and magnetic fields into the surface of conductors is governed by the
skin effect. Many formulas are simplified if expressed in terms of the
“depth of penetration,” which has merely the dimension of length but
involves the frequency and the conductivity and permeability of the
conductive material. Another useful parameter is the “surface resistiy-
ity” determined by the skin effect, which has simply the dimension of
resistance. These parameters are given for representative metals by a
convenient chart covering a wide range of frequency. The “incremental-
inductance rule” is given for detcrmining not only the effective resistance
of a circuit but also the added resistance caused by conductors in the
neighborhood of the circuit. Simple formulas are given for the resistance
of wires, transmission lines, and coils; for the shielding eflect of sheet
metal; for the resistance caused by a plane or cylindrical shield near a
coil; and for the properties of a transformer with a laminated iron core.

HE “skin effect” is the tendency for high-
Tfrequency alternating currents and magnetic
flux to penetrate into the surface of a conductor

only to a limited depth. The “depth of penetration”
is a useful dimention, depending on the frequency
and also on the properties of the conductive material,
its conductivity or resistivity and its permeability. If
the thickness of a conductor is much greater than the
depth of penetration, its behavior toward high-fre-
quency alternating currents becomes a surface phe-
nomenon rather than a volume phenomenon. Its
* Decimal classification R144XR282.1. Original manuscript re-
ceived by the Institute, May 13, 1942. Presented, Rochester Fall

Meeting, November 10, 1941. .
t Hazeltine Service Corporation, Little Neck, N. Y.
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“surface resistivity” is the resistance of a conducting
surface of equal length and width, and has simply the
dimension of resistance. In the case of a straight wire,
the width is the circumference of the wire.

Maxwell' discovered that the voltage required to

force a varying current through a wire increases more

than could be explained by inductive reactance. He
explained this as caused by a departure from uniform
current density. This discovery was followed up by
Heaviside, Rayleigh, and Kelvin. It came to be called
the “skin effect,” becanse the current is concentrated
in the outer surface of the conductor. The ratio of
high-frequency resistance to direct-current resistance
for a straight wire was computed in terms of Bessel
functions and was reduced to tables.2~7

1]. C. Maxwell, “Electricit d M ism,”
1873/1937, vol. 2, section 690, p.y322l;. G G PR )
:Lord Rayleigh, Phil. Mag., vol. 21, p. 381; 1886.
. C.”P. Steinmetz, “Transient Electric Phenomena and Oscil-
lations,” pp. 361-393, 1909,1920.
364‘—356.9(.;. Starling, “Electricity and Magnetism,” 1912/1914, pp.
calc‘ulli.tig. R?sa artId f V\(;. Gli(;\{ﬂ('i, “Formulas and tables for the
n of mutual and self-induct i "
Standards, $-169, pp. 172-182, 1916, e (revised).” Bureauof
“ io Instrumentsand Measurement ,”B :
C-7;}, P, 20031 1 10 e ents,” Bureau of Standards,

J. H. Morecroft, “Principles of Radi ication,”
s P inciples of Radio Communication,” 1921,

September, 1942
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Wheeler: Formulas for the Skin Effect

Steinmetz defined the “depth of penetration” with-
out restriction as to the shape of the conductor. He
applied this concept to laminated iron cores, as well
as to conductors. Unfortunately, he gave two definitions
which differ slightly, one for iron cores and another for
conductors. The latter definition has been generally
adopted, as in the Steinmetz tables on page 385.

More recent writers have reduced the treatment
of the skin effect to simple terms and have general-
ized its application.®'¢ Schelkunoff and Stratton have
given the most comprehensive treatment of the sub-
ject, including the depth of penetration in all kinds of
problems involving conductors. They have introduced
the concept of surface impedance, from which the
surface resistivity is a by-product.

In spite of this active history of the skin effect, there
is still a need for a simple and direct summary which
will facilitate its appreciation and its application to sim-
ple problems. That is the purpose of this presentation.

Following Harnwell and Stratton, the mks ra-
tionalized system of units is employed for all relations,
except where inches are specified. The properties of
materials are taken for rocm temperature (20 degrees
centigrade or 293 degrees absolute). The following list
gives the principal symbols used herein.

d =depth of penetration (meters)
R, =surface resistivity (ohms)
o =conductivity (mhos per meter)
p=1/o =resistivity (ohm-meters)
u = permeability (henrys per meter)
jto= 4w - 10~7= permeability of space
f=frequency (cycles per second)
w=2nf=radian frequency (radians per second)
j=v—1
e=2.72 =base of logarithms
exp x = e* =exponential function
z=depth from the surface into the conductive
medium (meters)
w=width (meters)
I =length (meters)

* E. J.Sterba and C. B. Feldman, “Transmission lines for short-
wave radio systems,” Proc. [.R.E., vol. 20, pp. 1163-1202; July,
1932; Bell Sys. Tech. Jour., vol. 11, pp. 411-450; July, 1932. Con-
venient formulas.)

»S. A. Schelkunoff, “The clectromagnetic theory of coaxial
transmission lines and cylindrical shields,” Bell Sys. Tech. Jour.,
vol. 8, pp. 532-579; Octaber, 1934. (The most complete theoretical
treatment.)

165 A. Schelkunoff, “Coaxial communication transmission
lines,” Elec. Eng., vol. §3, pg. 1592-1593; [December, 1934. (A brief
description of the physical behavior.)

1 E. 1. Green, F. A. Leibe, and H. E. Curtis, “The proportioning
of shielding circuits for minimum high-frequency attenuation,”
Bell Sys. Tech. Jour., vol. 15, pp. 248-283; April, 1936.

12 August Hund, “Phenomena in High-Frequency Systems,”
1936, L, 333-338. 1

13§, A. Schelkunoff, “The impedance concept and its application
to problems of reflection, refraction, shielding and power absorp-
tion,” Bell Sys. Tech. Jour., vol. 17, pp. 17-48; January, 1938.

u G. P. Harnwell, “Principles of Electricity and Electromag-
nctisrr\:\ [l)p é313—-3hl7,“1938.

1 W. R. Smythe, “Static and Dynamic Elcctricity,”

SHRALY i y y y," 1939, pp.

18 J. A. Stratton, “Electromagnetic Theory,” pp. 273~
511, and $20-554, 1941, (mks units.) e i
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a = thickness or radius (meters)
b =distance, length or width (meters)
¢ =distance (meters)
r =radius (meters)
A =area (square meters)
I =current (amperes)
i=current density at a depth z (amperes per
square meter)
io,=current density at the surface (z=0)
H = magnetic field intensity at a depth z (amperes
per meter)
H,=magnetic field intensity at the surface (z=0)
E =electromotive force (volts)
P = power (watts)
P,=power dissipation per unit area (watts per
square meter)
Z=R+jX =impedance (ohms)
X =reactance (ohms)
R =resistance (ohms)
G =conductance (mhos)
L =inductance (henries)
L,=inductance in space outside of conductive
medium
m =number of laminations
n=number of turns
r=ratio of resistivity
x =ratio of radii
Q =ratio of reactance to resistance

Fig. 1 is a chart!? giving the surface resistivity Ry
and the depth of penetration d for various metals, over
a wide range of frequency f. The depth is plotted in
parts of an inch, since this aids in practical application
and introduces no confusion with the mks electrical
units. Each sloping line represents onc metal, depend-
ing on its resistivity p or conductivity ¢ and its per-
meability u at room temperature (20 degrees centi-
grade or 293 degrees absolute). The heavy lines are
for copper, which is the logical standard of comparison.
Additional lines can be drawn to meet special re-
quirements, shifting them from the copper line in
accordance with the properties of the metal.

Fig. 2 shows a slab of conductive material to be used
in describing the skin effect. The current I is concen
trated in the upper surface. From Harnwell, the al-
ternating-current density i in the surface of a

conductor decreases with depth 2 according to the
formula .
1
— = exp — 2\/ jouo
) s
{ : wuo
= exp — (1 + 1)z h
2 |z 1
= exp——e€xp=J—"
p d I J d

17 This chart has been reprinted in the report of the Rochester
Fall Meeting in Electronics, December, 1941, More recently,
a similar chart has appeared in the following reference, together
with other valuable formulas and curves: J. R. Whinnery, “Skin
effect formulas,” Electronics, vol. 15, pp. 44-48; February, 1942.
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This decay of current density is shown by the shaded
area plotted on the side of the slab.

The-depth of penetration is defined by the last
formula, as the depth at which the current density (or
magnetic flux) is attenuated by 1 napier (in the ratio
1/e=1/2.72, or —8.7 decibels). At the same depth, its
phase lags by 1 radian, so d is 1/27 wavelength or 1
radian length in terms of the wave propagation in
the conductor.

The depth of penetration, by this definition, is

2 B 1
/7 fuo

It is noted that the /2 factor arises when the \/j is
resolved into its real and imaginary components in the
exponent in (1).

The total current is the integral of the current den-
sity in the conductive medium. This integral from the
surface into the medium is a decaying spiral in the
complex plane, which rapidly approaches its limit if
the thickness is much greater than the depth of pene-
tration. The total current is therefore given by the
integral for infinite depth, over the width w:

i = wf i-dz
0

= z
iowf exp — (14j)—dz
0 d

d =

meters. (2)

wuo

ioﬂ)d (3)
= - amperes.
147
The voltage E on the surface along the length of
the conductor is obtained from the current density and

Fig. 2—The skin effect on the surface of a conductor.
the volume resistivity.

E = 1p volts. (4)

If this voltage were to be measured, the return circuit
would have to be adjacent to the surface so as not to
include any of the magnetic flux in the near-by space.
The “internal impedance” or “surface impedance”
is computed from this voltage E and the current 1.

Wheeler: Formulas for the Skin Effect
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Z

Ry
Fir 7

/

el LU ——
(1 4 j) — Vmfup = — Vjwpp ohms. (5)
w w

Its real and imaginary components are the resistance
(a) (b)

inspace, p,
(surface)——r——- ______

in conductor
u,pando

N S ST SR e

(o ; ;
‘—(center of symmetrical conductor, or opposite surface
of shielding partition.)

Fig. 3—The internal impedance of a conductor, in terms of dis-

tribu(tg)d circuit parameters (a) and equivalent lumped parame-
ters (b).

and the internal reactance, which are equal.

Z = R+ jX,

l
R=X=—/nfup
w

ohms. (6)

The surface resistivity R, given in the chart, is
defined as the resistance of a surface of equal length
and width.

p

R, = = /7 fup
1= N wfup
l
R=X= R, ohms. (7)
w

For example, R, is the resistance of the unit square
surface in Fig. 2.1

The internal inductance is the part of the total in-
ductance which is caused by the magnetic flux in the
conductive medium. It is computed from the internal

reactance.
L X ) ( d)
B w B w s A

This is the inductance of a layer of the conductive
material having a thickness of d/2, one half the depth
of penetration. This merely means that the mean
depth of the current is one-half the thickness of the
conducting layer.

Fig. 3 illustrates the concept of internal impedance
in terms of electric circuit clements. In the diagram
(a), the inductance Lo is that caused by the magnetic
flux in the space adjacent to the conductor. Each part

henries. (8)

s Schelkunoff (footnote 9, p. 550) calls Ry the “intrinsic re-
sistance” of the material.
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of the current meets additional inductance in propor-
tion to its depth from the surface of the conductor.
This inductance is AL per element of depth. The con-
ductance of the material is AG for the same element
of depth. The conductive slab behaves as a trans-
mission line with paths of shunt conductance in layers
parallel to the surface, and series inductance between
layers. This hypothetical line presents the internal
impedance Z in series with the external inductance
Ly. If the thickness of the conductor is much greater
than the depth of penetration, the impedance is un-
affected by conditions at the far end of the line, or
beyond the other surface of the conductor.

The internal impedance of the hypothetical trans-
mission line in Fig. 3(a) is computed from its dis-
tributed inductance and conductance, by circuit
theory. Since the magnetic flux path has an arca
lAz and a length w

ulAz

w

AL = henries. (9)

Since the current path has an area wAz and a length J,

ocwlAz wAz
mhos. (10)

AG =

l pl

The impedance of a long line with these properties is

_ |
Z = \/jwAL/AG = — \/jwpp  ohms. (11)
w

This is an independent complete derivation of (5),
without recourse to electromagnetic-wave equations.

The components of internal impedance are shown in
Fig. 3(b) as Rand L. The resistance R is that of a layer
whose thickness is equal to the depth of penetration d.
The internal inductance is that of a layer whose thick-
ness is d/2, one half the depth of penetration.

Some inductance formulas carry the assumption
that the current travels in a thin sheet on the surface
of the conductor, as if the resistivity were zero. Such
assumptions are usual for transmission lines, wave
guides, cavity resonators, and piston attenuators. Such
formulas can be corrected for the depth of penetration
by assuming that the current sheet is at a depth d/2
from the surface. This is the same as assuming that the
surface of the conductor recedes by the amount

d p

. 12
2 (12)

The second factor has an effect only if the conductive
material has a permeability u differing from that of
space uo. The same correction is applicable to shielding
partitions, regarding their effect on the inductance of
near-by circuits.

There is sometimes a question which surface of a
conductor will carry the current. The rule is, that the
current follows the path of least impedance. Since the

September

impedance is mainly inductive reactance, in the com-
mon cases, the current tends to follow the path of least
inductance. In a ring, for example, the current density
is greater on the inner surface. In a coaxial line, the
current flows one way on the outer surface of the inner
conductor and returns on the inner surface of the outer
conductor.

In determining whether the thickness is much
greater than the depth of penetration, the effective
thickness corresponds to the length of the hypothetical
line in Fig. 3(a). In a symmetrical conductor with
penetration from both sides, as in a strip or a wire, the
effective thickness is the depth to the center of the con-
ductor. In a shielding partition with penetration into
the surface on one side and with open space on the
other side, the effective thickness is the actual thick-
ness. If the effective thickness exceeds twice the depth
of penetration, the accuracy of the above impedance
formulas is sufficient for most purposes, within two
per cent for a plane surface.

The shielding effect of a conductive partition de-
pends not only on the material and thickness of the
partition, but also on its location. For example, two
layers of metal have more shielding effect if they are
separated by a layer of free space than if they are close
together. If a shiclding partition carries current on one
surface (z=0) and is exposed to free space at the other
surface (z=a) the current density has a definite ratio
between one surface and the the other. For the thick-
ness @, much greater than the depth of penetration, as
in Fig. 2, this ratio is -

i, a
— = 2exp — — (e>d)
10 d
0.69 ‘ i
= 0.69 — — na
y [?lers
a
=6 — 8.7 7 decibels. (13)

The factor 2 is caused by reflection at the far surface.
The space on either side of a shield usually adds to the
attenuation indicated by this formula.

The shiclding ability of a given metal at a given
frequeqcy is best expressed as the attenuation for a
convenient unit of thickness, disregarding the reflection
factor. The unit of thickness may be 1 millimeter
(107 meter) or 1 mil (2.54.10-5 meter). In copper at
1 megacycle, for example, it is 132 decibels per milli-
meter or 3.3 decibels per mil. In iron, it is much greater
and depends also on the magnetic flux density, since
that affects the permeability.

Th.e power dissipation in the surface of a shield is de-
termined b}/ the magnetic field intensity at its surface.
The same Is true of current conductors or iron cores
but in those cases there are more direct methods of
computation in terms of current and effective resist-
ance. Since the magnetic flux path has a length equal to
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the width w of the conductor, and since the magneto-
motive force is equal to the current I, the magnetic
intensity at the surface is

1
110='
w

amperes per meter. (14)
The power dissipation is
l
P=1I'R= (w110)2 _Rl
w

= [wl R, = lwP, watts (15)

in which the power dissipation per unit area of surface
is

P, = H*R, watts per square meter. (16)

For most purposes, the power dissipation is more
readily computed by the following method, in terms of
effective resistance in a circuit.

The “incremental-inductance rule” is a formula
which gives the effective resistance caused by the skin
effect, but is based entirely on inductance computa-
tions. Its great value lies in its general validity for all
metal objects in which the current and magnetic in-
tensity are governed by the skin effect. In other words,
the thickness and the radius of curvature of exposed
metal surfaces must be much greater than the depth
of penetration, say at least twice as great. It is equally
applicable to current conductors, shields, and iron
cores. -

This rule is a generalization of (7) which states that
the surface resistance R is equal to the internal re-
actance X as governed by the skin effect. The internal
reactance is the reactance of the internal inductance L
in (8). This inductance is the increment of the total
inductance which is caused by the penetration of mag-
netic flux under the conductive surface. This change of
inductance is the same as would be caused by the sur-
face receding to the depth given in (12). Starting with
a knowledge of this depth, the reverse process of com-
putation gives the increment of inductance caused by
the penetration, and from that the effective resistance
as governed by the skin effect.

The incremental-inductance rule is stated, that the
effective resistance in a circuit is equal to the change
of reactance caused by the penetration of magnetic
flux into metal objects. It is valid for all exposed metal
surfaces which have thickness and radius of curvature
much greater than the depth of penetration, say at
least twice as great.

The application of the incremental-inductance rule
involves the following steps:

(a) Select the circuit in which the effective resistance
is to be evaluated, and identify the exposed metal
surfaces in which the skin effect is prevalent.

(b) Compute the rate of change of inductance of
this circuit with recession of each of the metal surfaces,
oLo/oz, assuming zero depth of penctration.'®

¥ A second-order approximation is secured if 8Lo/dz i8 computed
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(c) Note that the increment of inductance caused
by penetration into each surface is

henries. (17)

(d) Compute the effective resistance contributed by
each surface,

. ohms. (18)
Mo 02

For a surface carrying the current of the circuit, this
is identical with (7). For the effect of near-by metal
objects, such as shields, this formula is easily applied
in many practical cases. It is most useful in cases of
nonuniform current distribution, which otherwise
would require special integrations.

A straight wire has its current concentrated in a
tubular surface layer as shown in Fig. 4(a). The depth

(a) High-frequency current tube.

N |

(b) 2r-di

s

(b) High-frequency mean diameter.

(c)

(c) Low-frequency mean diameter.

Fig. 4—The current distribution in a straight wire.

of this layer is d. The radius of the wire is r but the
mean radius of the current tube is r —d/2. The resist-
ance ratio of the wire is the ratio of the alternating-
current resistance R of the direct-current resistance
R,. It is the inverse ratio of the effective cross-sectional
areas,

R mr?

Ry w(2r — d)d

r 1
= > 2d4). (19
2d+4+ (r > 24). (19)

assuming that the surface is below the actual surface by the amount
given in (12).
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Since the assumptions are an approximation at best,
only the first two terms of this series deserve attention.
They give a close approximation if the radius exceeds
twice the depth of penetration, or if the resistance ratio
exceeds 5/4.20-26

The inductance of a straight wire is determined by
the mean diameter of the current path. Fig. 4(b) shows
the equivalent current sheet for the case in which the
radius is very much greater than the depth of penetra-
tion. A perfect conductor, to have the same inductance
with zero dépth of penetration, has a radius which is
less by the amount given in (12). This rule is reliable
only if the equivalent radius is greater than 7/8 the

actual radius.
i £
2r
|
A —

Fig. 5—Straight wire.

The low-frequency inductance of a straight wire,
with uniform current distribution, is its maximum in-
ductance. As shown in Fig. 4(b), the equivalent cur-
rent sheet has the radius

r exp — N (20)

4uo

in which the factor exp-1/4 is the “geometric-mean
distance” of a circular area.?”

The straight wire of Fig. 5, assuming a depth of pene-
tration very much less than the radius, has its resist-
ance expressed by the simple formula

l

R = —= Rl Ohms. (21)

This neglects the second term in the scries of (19). It
is on this simple basis that the following cases are
described.?8-8.11
The coaxial line of Fig. 6 has its current flowing one
way on the lesser radius r; and returning on the greater
radius r,. The total resistance is
1 1\ !/
R = (—- + —') o R,

141 72 T

ohms. (22)

20 Morecroft, (footnote 7, p. 116), curves of resistance ratio.

M E, Jahnke and F. Emde, “Tables of Functions,” B. G.
Te;lbner, Berlin, Germany, 1933, chapter 18, p. 314, Fig. 165, curve
rbe/2b:.

2 August Hund, “High-Frequency Measurements,” 1933. pp.
263-266. Series expansions.

23 Schelkunoff, footnote 9, pp. 551-553, formulas and curves
for resistance and reactance ratio.

% August Hund, “Phenomena in High Frequency Systems,”
1936. p. 338. Series expansions.

# J. H. Miller, “R —F resistance of copper wire,” Electronics,
vol. 9, no. 2, p. 338; February, 1936. Curves and formula.

 Stratton, footnote 16, p. 537, series expansions.

7 Rosa and Grover, footnote 5, p. 167.

2 Alexander Russell, “The effective resistance and inductance
of a concentric main,” Phil. Mag., sixth series, vol. 17, pp. 524-552;
April, 1909.
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The inductance in the space between the conductors
is29

ol r2

Ly = T log —

T 181

henries. (23)

For a given valuc of the greater radius 72, minimum at-
tenuation in this line requires minimum R/L,, and this
is obtained with rp/r;=3.59, approximately.?*3 With

D08 W W

T

%
H
£
H
Z
%
%
.
$
)

——
Fig. 6—Coaxial conductors.
this shape, the resistance of inner and outer conductors

is divided as 78 per cent and 22 per cent of the total.
Since the optimum ratio satisfies the equation

1 4] r
lOg — =1 + -
7 1 £

(24)

the ratio of reactance to resistance for this shape is, for
a nonmagnetic conductor,®

2r, ry

d 1.8d

This is the ratio of the diameter of the inner conductor
to the depth of penctration. In general,

(k= po). (25)

. r2

log —

2r, 7
0="F—. (26)

d 7

1+ —

4]

This value is reduced slightly by end effects.
If a coaxial line is used as the inductance of a reso-
nant circuit, maximum impedance at-parallel resonance
may be desired. This is obtained with maximum Lg/R,
which determines the condition
1 7, 4
) log—=14—.

T 14

(27)

The required s!mpc is72/r1=9.2, approximately.® If the
length of the line is much less than one-quarter wave-
length, so its shunt capacitance is negligible, this opti-

mum shape has the following resistance at parallel
resonance: (u=y,).

’ 9 l’
R = QR = 0.307 ;13 R.  ohms. (28)

For given freque i i i i
B1Ve requency and material, this resistance is
proportional to the arca of the conducting surfaces.

* Harnwell, footnote 14 304
 Sterba and Feldman, footnote 8, p. 419,
Green, Leibe, and Curtis, footnote 11, p. 253

2 In all cases, Q 1s CYpleSSQd on he assunlptlo" 0‘ a nonmag
b

’ t

&) l‘. E. Ter man, Resonant lln

vol. 53, pp. 1046-1053; July, 1034, o0 crevits.” Elec. Eng.
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A pair of straight parallel wires is shown in cross
section in Fig. 7. The same current flows in opposite
directions in the two wires, and is concentrated on the
surface. If the wire diameter 2a is much less than the
center-to-center separation 2b, the resistance of each
wire is given by (21) for Fig. 5. As the diameter
in Fig. 7 approaches equality with the separation, the
proximity of wires causes greater current density on
the inner sides.’*% This effect is easily evaluated by
the incremental-inductance rule. The approximate and

2b —~

-—2a
Fig. 7—Parallel wires.

exact formulas for the external inductance of this pair
of wires, of length 1, are

' 2b
- log — (a K b)

K a

pol . b
= anticosh
m a

=[50+ 4/-()))

This first formula neglects the proximity of the inner
sides of the wires. The third formula shows in the
parenthetical factor, by the amount the factor departs
from 2, the reduction of inductance by the extra
concentration of current on the inner sides. Since the
penetration 9z corresponds to — da, the effect of surface
recession is

£y Lo
0z  da

Lo =

(29)

ol 1
e V1 — (Va/b)2
in which the last factor is the proximity factor. From
this formula and (18), the resistance is
R ! R
© ra /1 — (a/b)? ]
The proximity factor appears as a reduction of the
effective circumference of the wire, hecause the current
is concentrated toward one side of each wire. Other-
wise, this formula is the same as for a single wire of
length 21.
A ring of wirc is shown in Fig. 8, with 7, as the radius
of the ring and 7, as the much smaller radius of the

wire, both being much greater than the depth of pene-
tration d. The resistance is

(30)

ohms. (31)

2#72 L)
R R, R, ohms. (32)
27”’1 r
» | R. Carson, “Wave propagation over parallel wires: The
proximity effect,” Phil. Mag., vol. 41, p. 627; April, 1921
a Green, Leibe, and Curtis, footnote 11, pp. 267-268.
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On the same assumption, 7<r;, the inductance 15%

81’2
uorz| log— — 2
(4]

872
= pory log —
ezfl

Lo

henries. (33)

For a given ring diameter 273, the maximum ratio of
reactance to resistance is obtained with approximately
72 e?

—=—=25

o 5 (34)

in which case the inductance and the ratio of reactance
to resistance are

henries.

(35)

This ratio is the same for the ring as for the coaxial
line. Only the simple approximate formulas are given
for the ring because no exact formula is known. In the
absence of an exact inductance formula, it is also im-
possible to find easily the effect of current concentra-

Fig. 8—Circular ring.

tion on the inner side of the ring conductor. The added
resistance of the ring caused by radiation and near-by
objects is neglected.

A shielding wall near the ring of Fig. 8 is shown in
Fig. 9, the wall being a metal sheet parallel to the ring
at a distance ¢. The added resistance caused by this
shicld is computed by the incremental-inductance rule.
Assuming first that the shield is a perfect conductor,
the effective inductance of the coil is reduced by an
amount equal to the mutual inductance with its image
(shown in dotted lines) at a distance 2c. Therefore, the
change of inductance is¥
) f#o-Vz" -
L, Y henries. (36)
To obtain the effect of penetration in the shild, d¢ cor-
responds to dz, S0
alo Srpers’

oL
L= = - (37)
02 de 16¢*

» Marnwell, footnote 14, p. 30S.
7 Flarnwell, footnote 14, pp. 304-30S.
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From this formula and (18), the added resistance is

31I'f24

R' = R, ohms (38)

16¢*

in which R/ is the surface resistivity of the shield. This
is equal to the change of reactance which would be
caused if the shield were moved further back by the
displacement (d/2)(i/po) as shown in Fig. 9. Compar-
ing the added resistance with the resistance R of the
ring alone, formula (32), the relative change of resist-
ance is
E’ _ 3mrir®Ry . (39)
R 16¢4R,
This ratio is independent of the frequency, so long as
the depth of penetration is the controlling factor. As
an example, a copper ring with the optimum shape

DU
\

7N\
) g?e;
NN

Fig. 9—A ring near a shielding wall.

(r2=2.5n) at a distance of 1 diameter from a soft-iron
shield (R, =40R,) would suffer about 59 per cent in-
crease of resistance caused by the shield. In this loca-
tion, a slightly smaller wire diameter would be opti-
mum, because the inductance of the ring would increase
in a greater ratio than the total resistance. The reduc-
tion of inductance (36) by the shield varies with the
inverse cube of the distance, whereas the added re-
sistance (38) varies with the inverse fourth power.

A ring perpendicular to the shield, instead of parallel
as in Fig. 9, and with its center at the same distance,
would suffer only one half as much change of induct-
ance and resistance. This follows from the fact that
the mutual inductance with its image would be one half
as great. This is a striking example of the utility of the
incremental-inductance rule, since the departure from
axial symmetry would make this problem very difficult
of solution by field-integration methods.

A coil of # turns near a shield has its inductance and
resistance changed by n? times as much as the ring,
that is, by #2L,’ and #?R’, formulas (36) and (38).

The air-core toroidal coil of Fig. 10 has # turns on a
coil radius of 7, and a ring radius of r,. The following
simple formulas are based on the asumptions that the
coil radius is much less than the ring radius (r,«<r,)
and that the current is concentrated on the inner
surface with uniform distribution in a layer of depth

very much less than the coil radius (d<r).

2 r
R= i R, = ~ nR, ohms (40)
21”'2/” re
712 i
Ly = pon? — henries (41)
2"2
y= 1 (42)
0=7

These values are realized in a “one-turn” air-core
toroid of a continuous metal sheet. They are closely
approximated in a coil of round wire wound with a
pitch only slightly greater than the wire diameter.

|—-—1-2r,
n turns .

Fig. 10—Toroidal coil.

The preferable shapes of the air-core toroid of Fig.
10involve a coil radius comparable with the ring radius,
a departure from the above assumptions. This is of
interest only in the “one-turn” case (n =1) since a layer
of wire cannot be wound with optimum pitch over the
entire surface of the coil. The exact formula for the
inductance is®®

Ly = po(ra — /12?2 — r?)
Hory? .
= henries. (43)
ra 4\ r2 — 1)’

Since the penctration 9z corresponds with 97},

Gy | e A (44)
dz 6r, \ "22 - 712
From this formula and (18), the resistance is
7

Vit —

and the ratio of reactance to resistance is

r AN ',2’2 - filé

Q=— ——c (16)

d ro+ 12 —ry?
There is an optimum design for this case, with the coil
diameter slightly less than the ring diameter, but the
practical optimum is affected by so many factors that a
theoretical optimum is of little value. If the ring

diameter 2r, is given, the optimum shape happens to
be r1=0.787,, in which case

T2 r . '
=0.60 —=077—-
Q 7 p 47

3 Harnwell, footnote 14, p. 302.
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There is another optimum design for a given outside
diameter, 2(r1+r2):

14

—— = Qd1» = 0.59
ry+ rs ri+re
L4
2L —0.70 (48)
T2

ri+r r

0=0343— "= 0.8371~

The solenoidal coil of Fig. 11 has » turns wound on a
radius a in an axial length b. If such a coil has a length
much greater than its radius and is wound closely with
rectangular wire of thickness much greater than the

I

-4—-—-—}—2a
nturns l
b

Fig. 11—Solenoidal coil.

depth of penetration, the current flows in a sheet on
the inner surface of the wire, and the resistance is

R = e n’R, ohms. (49)
In a practical coil of many turns of round wire, there
is an optimum diameter of wire slightly less than the
pitch of winding. This formula is a rough approxima-
tion for practical coils with optimum wire diameter.
It corresponds to a coil resistance slightly less than =
times as great as the resistance of a straight wire of the
same length and diameter. (The effect of distributed

capacitance and dielectric resistance is omitted.) The
inductance is approximately,® for 6>0.8q¢

pomain?

=— henries. (50)
b4+ 09a

0

The corresponding ratio of reactance to resistance is
approximately

a 1

®= i1t o9 e

These simple formulas are applicable to coils in which
the length is greater than the radius, the optimum wire
diameter exceeds 4d, and the number of turns exceeds
about 4. In comparison with some recent measurements,
these formulas check fairly well the component of
resistance caused by the skin effect as distinguished
from capacitance effects.t?

A solenoidal coil in a coaxial tubular shield is shown

_in Fig. 12. The radius of coil and shield @, and a2 de-

termines the relative distribution of current on the

® H, A, Wheeler, “Simple inductance formulas for radio coils,”
Proc. I.R.E., vol. 16, pp. 1398-1400; October, 1928,
9 F_E. Terman, “Radio Engincering,” 1932/1937, pp. 37-42.
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inner and outer surfaces of the coil. The theoretical re-
lations are based on the ideal long coil and shield,
closely wound of rectangular wire, but the conclusions
are approximately correct for practical coils. The mag-
netic intensity H, inside the coil and H; between coil

ol

--2a, 2

il

2

Fig. 12—Solenoidal coil in a coaxial tubular shield.

and shield are in the inverse ratio of the cross-sectional
areas because all the flux inside the coil has to return
in the space between coil and shield.

Hz 012 1

Hl 022 - alz 022/012 -1

(52)

The power dissipation is divided among the inner and
outer surfaces of the coil and the inner surface of the
shield. By (15), the total is

P = 21!’0le1le + 21ralb1122R1 + 21r02b1122Rz

27abH 2R <1+H’2+
= LT 17104, o,

azzllzsz
————) watts (53)
01211|2R1

in which R, and R, are the respective values of surface
resistivity for the metals of coil and shield. By (14),

the total current on both surfaces of the coil is
I = (H,+ H)b/n amperes. (54)

Therefore, the effective resistance of the coil is

)
I,
The last factor gives the effect of the shield. It may
actually reduce the resistance, by redistribution of
surface currents, but not as much as it reduces the
inductance. The effective inductance of the coil in the
shield is

P
R=—
12

1122 a,’II,’Rg'

14— ———

21raln2R1 1112 a,’IIl’Rl

henries (56)
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in which the last factor gives the reduction of induct-
ance by the shield. With these substitutions,

a R
x==, == (57)
a2 1
and the ratio of reactance to resistance is
as x(1 — x?)
0= —= - (58)

d 1—(2—1rx+ 22*

This is expressed in terms of the shield radius a: since
that determines the space in which the coil is located.
The maximum Q is obtained if x satisfies the equation

O0=1—(14rx2— (44 ra*+ xb (39)

This is most easily solved by trial. The solutions for the
optimum design in several cases are as follows:

Rz ay
r=— 2 x=— Q (60)
R| as
as ay
0 0.41 0.64 0.72 — = 1.14 —
d d
as ay
1 0.30 0.55 0.44 — = 0.80
d d
az a,y
2 0.23 0.48 0.33 — = 0.70 —d
1 1 1 a. - a,
o0 — E— —_— — = .5 .
r o Nr 2\/r d d

An approximate formula for the optimum ratio of radii
is given by the relation,

1

T 23+
a; 1

a2 \2.3+ R/R:,

2

(61)

This formula is exact for r=1, 2, «. In the first two
rows of the table (60), the coefficient in the last column
indicates that the reduction of inductance by the shield

n,0,0
Mo
n turnsg
nturné T
Pe e
===

b —

Fig. 13—Transformer with laminated iron core.

Proceedings of the I.R.E.

September

is not accompanied by a proportionate reduction of Q.
Therefore, the shield reduces the effective resistance in
these cases. In practice, the shield always decreases the

¢ The transformer of Fig. 13 has a laminated iron core
of cross-sectional area 4. The flux path in the iron has
a length J; while that in the air gap has a length /. For
simplicity of analysis, the two coils have the same num-
ber of turns n. If the actual number of turns is n, and
ns, the respective self-impedances and mutual imped-
ance are obtained by letting

(62)

Fig. 14 shows the impedance network which is the
equivalent of this transformer. The upper part repre-
sents the coil resistance and the part of the inductance
caused by magnetic flux in the space outside the core,
as if the core space had zero permeability. The lower

n® = m?, n®, mng.

3 3 2 =
in air,out side of core !

R S S =1 | r—_j
airgap |

=
x
i
q
'_

O~ 2]
Fig. 14—The distributed-impedance network equivalent
to the iron-core transformer.
part represents the impedance caused by the core,
including the air gap. The inductance which would
be caused by the flux in the iron core of permeability u,
with no air gap, is

n*q
L,’ = "
lfs

henries. (63)
The i.nductance which would be caused by the flux in
the airgap, if the iron core had infinite permeability, is
24
La _ #oi !

I,

The inductance effective at low frequencies is that of
L;and L, in parallel,

LiL,
= - ——— henrijes. (65)
Li+ Ly 1,4 Lpo/u

T.hf:‘ eddy currents and skin effect depend on the di-
vision of the core area into laminations,

henries. (64)

n?d
LO — Mo

A = mab square meters (66)

in Whl(fh m is the number of laminations of thickness a
and width 4. The current paths in the laminations
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cause an apparent distributed conductance, associated
with the iron inductance L;, which has the value

aal.-
4n’mb

in which ¢ is the conductivity of the iron. The effect of
this distributed conductance is least at low frequencies
and merges into the skin effect at high frequencies.

Fig.15showsasimplified equivalent network inwhich
the shunt resistance R and inductance L have values
depending on the frequency. These parallel components
are used rather than series components, because the
effective shunt resistance varies less with frequency
than the effective series resistance.

At low frequencies, the apparent shunt conductance
approaches the constant value

‘-=

mhos (67)

G = }G; mhos. (68)
The corresponding value of shunt resistance is
12n%mbd
R = T R, ohms. (69)

in which R, is the surface resistivity of the iron. The
inductance L has its low-frequency value L;. This is
based on the assumption that the alternating flux
within the lamination suffers only a small phase lag
and no appreciable reduction in magnitude, which is
true if the depth of penetration is greater than the
thickness of laminations.* The corresponding ratio of
shunt susceptance to conductance, is
R 6 d?
¢ wL a?
At frequencies so high that the depth of penetration
is less than 1/4 the thickness of laminations, the skin
effect governs the impedance caused by the iron core.
The effective impedance of R and L in parallel is the
impedance of the line with distributed series L; and

shunt Gq: R
1 ijL.-
Z= - - =] R —
1/R + 1/jwL Gi
4n’mb R h (71)
=—R ohms.
(1— Dk
The shunt components of this impedance have the
value

(d > a). (70)

4n’mb
R=wl= ] R, ohms. (72)
The apparent shunt inductance is
2d .
L=—1L, henries. (73)
a

This is the inductance based on twice the depth of
penetration as the effective thickness of cach lamina-
" tion.

The air gap sometimes incrcases the ratio of react-

# V. E. Legg, “Survey of magnetic materials and applications in
the telephone system,” Bell, Sys. Tech. Jour., vol. 18, pp. 438464,
July 19.)39. (In Fig. 7, 0 is the ratio of thickness to c‘epth of pene-
tration.

Wheeler: Formulas for the Skin Effect

423

ance to resistance in the impedance of an iron-core
inductor. This question involves the series resistance R,
of each coil, while the inductance in the space outside
the coil is usually negligible. Increasing the air gap

Fig. 15—The lumped-impedance network equivalent
to the iron-core transformer.
decreases L,, thereby causing more dissipation in the
coils (R.) and less in the core (R). The optimum length
of air gap is approximately that which divides the
dissipation equally between coil and core. The opti-
mum condition is

1 1 1/ 1+ R./R
_ = 74
wL u wL, RR. (74)
For this condition, the maximum ratio is*
1 R/R.
0=—A (15)
2V 1+ R/R

This is nearly independent of the number of turns. Its
value is expressed in terms of three properties of the
coil; p. is the resistivity of the copper wire, I, is the
average length of wire per turn, and 4. is the total
cross-sectional area of the turns of wire on the winding
in question. In a self-inductor of one coil, A. is some-
what less than the arca of each window. The following
formulas are simplified on the assumption that R>>R.
so the optimum air gap gives Q>>1. At the higher fre-
quencies, where the skin effect predominates, the
optimum air gap gives
AA,

0=4/
adl;lcp,
At the lower frequencies, where eddy currents are
induced by ncarly uniform flux in the laminations, the
optimum air gap gives*

0 /‘/371A,p

atlidepe

These maximum values cannot be realized if the opti-
mum length of air gap is negative. This is true at very

low frequencies where the eddy currents are negligible,
in which case the air gap is reduced to zero, giving

wL;
&
2AA,p 24Au
ddep,  ddeno
in which d and d. are the depths of penetration in iron

(a > 4d). (76)

(a < d). (77)

0= (wL: < V/RR,)

(78)

4, A. Arguimbau, “l.osses in audio-frequency coils,” General
Radio Experimenter, vol. 11, no. 6, pp. 1-4, November, 1936.

s Pp, léx McElroy and R, F. Ficld, “llow good is an iron-cored
coil?” General Radio Experimenter, vol, 16, no. 10, pp. 1-12,
March, 1942,
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and copper, the materials of the core and the coil. In
these formulas, the depth of penetration includes the
frequency dimension, enabling the expression entirely
in terms of ratios. The value of (78) is actually inde-
pendent of the p of the iron and the u, of the copper,
those being involved also in the depth of penetration.
Since copper is the usual material for conductors,
it is useful to remember the depth of penetration in
copper at a certain frequency and room temperature
(20 degrees centigrade):
At f = 10 cycles = 1 Mc,
d. = 66-10~% meter = 0.066 mm = 66 microns
= 2.6-10~2% inch = 2.6 mils. (79)

The values for copper and other materials (at a tem-
perature of 0 degrees centigrade) are found in the Stein-
metz? table, p. 385. The essential properties of copper
are (at 20 degrees centigrade):

pe = po = 4r-10~7 henry per meter
= 1.257 microhenrys per meter
o. = 5.80-107 mhos per meter
= 58 megamhos per meter
pe = 1.724-10~® ohm-meter
= 1/58 microhm-meter
uoo. = 72.8 seconds per square meter
wope = 2.17-10714 ohm?-second

(80)

in which uo is the permeability of space. The other

important value for copper is the surface resistivity,
still at 1 megacycle:

R,/ = 2.60-10~* ohm

= 0.260 milohm. (81)

In order to convert d. and R, for other materials, it is
necessary to know only their permeability and resistiv-
ity relative to copper:

/1 Mc
d=d.’ ko P
f K® Pe
[ e
Rl = Rk’ /‘// f - - (82)
1 Mc Ho Pe

The chart of Fig. 1 gives the depth of penetration
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d and the surface resistivity R, plotted against fre-
quency. Each pair of crossed lines is for one material.
Some of the materials shown are chosen for their ex-
treme properties (at least, among the common ma-
terials). Copper has the least resistivity. The permalloy
shown (78 per cent nickel) is used for loading subma-
rine telegraph cables and for shielding against alter-
nating magnetic fields; it has the least depth of pene-
tration, by virtue of its high permeability and small
resistivity:

g = 9000 g, (at small flux density)

p = 9.3 p. = 0.16 microhm-meter

At 1 Mc

d = 2.1-10~¢ meter = 0.084 mil

R, = 75 milohms

(83)

Manganin is the material usually used in resistance
standards; it has about the highest resistivity com-
patible with minimum permeability, and therefore the
greatest depth of penetration:

B = po

p = 25.5 p. = 0.44 microhm-meter

At 1 Mc (84)
d = 0.33mm = 13 mils
R, = 1.3 milohms.

Most of the ordinary materials fall within the limits
of these three cases. )

On the chart, the intersection of each pair of lines
moves upward with increasing resistivity and toward
the left with increasing permeability. (It is purely
coincidental that the intersection is at 1 megacycle
for nonmagnetic materials.)

In this collection of formulas, the properties of the
conductive materials are usually expressed in terms of
depth of penectration d and surface resistivity R;, both
of which involve also the frequency. The former ap-
pears in ratios with other “length” dimensions. The
latter appears in impedance formulas, where it brings
in the “resistance” dimension. Other quantities usually
appear in ratios so they do not complicate the dimen-
sions. The two parameters d and R, are most useful
because they have not only dimensional simplicity
but also obvious physical significance.
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“The Distribution of Amplitude with Time in Fluctuation Noise”*
VERNON D. LANDON

K. A. Norton!: In this paper the author finds that
the distribution with time of the instantaneous ampli-
tude of fluctuation noise is represented by the normal
distribution. His derivation of this analytical result is
not entirely clear and is apparently incorrect. If fluc-
tuation noise may be represented analytically by a
large number of unit impulses, each occurring at ran-
domly different times, then, at any given frequency,
the fluctuation noise may be considered to consist of a
large number of oscillations (at that frequency) with
random relative phases. Many years ago Lord Ray-
leigh? determined the probable distribution with time
of the instantaneous amplitude of a large number 7 of
oscillations with equal unit amplitudes and with ran-
dom relative phases. The probability dp of a resultant
amplitude between Vand V+dV was found to be

2
dp = . e(exp — V*/n)VdV (1a)

so that, after a simple integration, we find that the in-
stantaneous amplitude V will be exceeded for the per-
centage of time P given by

P = 100p = 100e(exp — V?*/n), (2a)
The above result may be generalized to apply to the
case of a large number 7 of waves with random rela-
tive phases and with unequal amplitudes E,, E, . . .,
E, such that EAKLE?+El+ - - +E,? for i=1 to
n. In this case (1a) and (2a) become

2

dp= ———— e(exp— V?/(E* + B

ES+Ef+ - +E?
+ -+ EN)VdAV (1b)
P=100e(exp — V¥/(E2+ E+ - - - + Ex)). (2b)

If we write E for the root-mean-square value of the re-
sulting disturbance, then

E==f Vidp = B2 + E2+ -+ + E2 (3
0

and we obtain the interesting result that the root-mean-
square value of the resulting disturbance is equal to the
root-sum-square value of the amplitudes of the indi-
vidual oscillations. Thus we see that (1b) and (2b) may
be expressed in terms of the root-mean-square value E
of the resulting disturbance as follows:

* proc. I.R.E., vol. 29, pp. 50-55; Fcbruary, 1941,
B 8fﬁ((;e of the Chief Signal Officer, War Department, Washing-
ton L ON
_ % Lord Rayleigh, “On the resultant of a large number of vibra-
tions of the same pitch and of arbitrary‘Phase, Phil, Mag., vol. 10,
pp. 73-78; 1880; see also the book “Theory of Sound”, 1894,
second edition, paragraph 42a.

dp = —é—ze(exp — (V/E?))VdV (1¢c)

P = 100e(exp — (V/E?)). (2¢)

Equation (2c¢) is given graphically in Fig. 1. We see by
(2c) that V>4E, for a percentage of time P=0.0000113
per cent; V>3E, for a percentage of time P=0.0123
per cent; and V>2E, for a percentage of time P=1.83
per cent.

The average value of the disturbance may also be
easily determined. Thus

V= f Vdp =l/%—13 = 0.886F. (4)
0

This value lies somewhat nearer the value 0.85 E as de-
termined experimentally by Jansky® than the theoreti-
cal value 0.798 E determined by Landon from the nor-
mal distribution.

It is obvious from (1b) and (2b) that the instantane-
ous amplitude of two disturbances, each with ampli-
tudes distributed according to the Rayleigh law and
with root-mean-square values E; and Es would also be
distributed according to the Rayleigh distribution and
would have a root-mean-square value equal to
VEI+EZ

Having established the above theoretical relations,
it is desirable to examine further the postulates on
which these relations are based. In deriving the above
equations, it was tacitly assumed that the amplitudes
of the individual oscillations E; remain constant over

: pEEEEEEME

~—— 'r-‘ooo.:(' \
. <
e E=mtSco=====
i m— m— 4:\\ . -

N

0t o 2 L] 10 20 30 40 B0 90 70 90 90 95 90 9
THE PERACENTAGE OF TIME THAT (VL) EXCELOS THE OROINATE vALUES

Fig. 1—The Rayleigh distribution.

the period of time required for a measurement of E,
V, or of P; actually, a necessary and sufficient condi-
tion for the applicability of (1c), (2¢), and (4) to fluc-
tuation noise is the constancy of E over the period of

3 Karl G. Jansky, “An experimental inv«:stiEation of the charac-

teristics of certain types of noise,” Proc. I.R.E., vol. 27, pp. 763~
768; December, 1939.
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time in question. If E also varies with time, then its
distribution will be superimposed upon that given by
the Rayleigh distribution.

It may be mentioned in passing that this same dis-
tribution applies to the instantaneous intensity of
ionospheric waves (sky waves), irrespective of the ra-
dio frequency, but does not apply to tropospheric
waves. In the study of the variation of ionospheric-
wave intensities with time, since the root-mean-
square value E of the disturbance varies with changes
in the ionosphere absorption, the Rayleigh distribution
will only apply for periods of time which are short
enough not to include any large variations of iono-
spheric absorption; for frequencies in the standard
broadcast band this period of time is of the order of one
hour on the average.

Vernon D. Landon*: The mathematics in Mr. Nor-
ton’s discussion appears to be substantially correct
(with minor exceptions). Paradoxically, the mathemat-
ics in my paper also is believed to be correct. The ap-
parent discrepancy is due to the fact that we are not
talking about exactly the same thing. The point can be
cleared up by reference to Fig. 2. In this figuré the
value of a noise voltage at a certain instant is repre-
sented by the point V. The instantaneous value of the
envelope corresponding to V is represented by the
point A. The V of my mathematics is the V of the fig-
ure. However, the V of Mr. Norton's mathematics is
apparently the 4 of the figure.

Perhaps the choice of words in the title to my paper
could have been improved upon. Had the title been
“The Distribution of Voltage with Time in Fluctuation
Noise” there would have been less opportunity for
misinterpretation. Instantaneous amplitude can per-
haps be interpreted as meaning the value of the enve-

NOISE VOLTAGE

]

TIME —»

Fig. 2—Noise voltage wave showing envelope.

lope. Actually, what was meant was the instantancous
voltage.

As I proved in my paper, the probability that the in-
stantaneous voltage lies between Vand V4dVis

— 1 V2
exp (— —>dV.
2E?

E\V2n
Experimental proof is provided by Dunn and White®

dpv = (5)

¢ RCA Manufacturing Company, Inc., Camden, New Jersey.

$ H, K. Dunn and S. D. White, “Statistical measurements on
conversational speech,” Jour. Acous. Soc. Amer., vol. 11, pp. 278~
288; January, 1940.
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(Fig. 14 of their paper). On the other hand, it can be
shown that the probability that the instantaneous
value of the envelope lies between 4 and 4 +d4 is®

A A?
e Gy 7}

E? kS {2

If the symbol V is substituted for A and the symbol
n/2 for E?, the result is Mr. Norton's equation (1a).
Mr. Norton bases his equations on Lord Rayleigh's
work. Lord Rayleigh was concerned with the resultant
amplitude when a large number of sine waves of the
same frequency are added with random phase. By
“amplitude” he meant the peak value of the resultant
sine wave. When this peak value varies from moment
to moment, it evidently traces out the envelope of the
wave.

I have defined E as the root-mean-square value of
the noise voltage. In Mr. Norton's work, E is the root-
mean-square summation of the peak values of a num-
ber of waves. Hence, his value of E is larger than mine
by a factor /2.

The relationship between (5) and (6) can be made
clear by reference to Fig. 3 where dpv/dV and dp4/dA
are plotted as functions of V" and 4. It should be noted
that the probability of the envelope 4 going to zero is
infinitesimal, while zero is the most probable value of
the instantaneous voltage V. The reasonableness of
this can be seen by reference to Fig. 2.

[
1

>
U
RELATIVE PROBABILITY OF

~
T

VARIOVS |[VOLTAGES
\\

d

€ -2E

\\
|/

Fig. 3—Relative probability curves for instantaneous
voltage and envelope.

It should be pointed out that the concept of an en-
velope to the noise voltage has a definite meaning only
for noise which is confined to a relatively narrow fre-
quency spectrum. If the noise has a bandwidth com-
parable to the mean frequency, or if the band in-
cludes zero frequency, then the fluctuations of the
envelope occur about as rapidly as the fluctuations of
the voltage wave itself. For this case the concept of an
envelope has little meaning.

It is of interest to note the similarity between the
equations for molecular motion in a perfect gas and (3)

® This relationship was first pointed out to me by Dr. D. O.

North of the Research l.aboratori i
Company, Tarseearch h oratories of the RCA Manufacturing
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and (6) of the present discussion. The distribution of

molecular velocities in one, two, and three dimensions
is as follows:

@
dpu = — ,‘/—— exp (— au®)du
™
1

y r?
- — ar¥dr = — -
dp, = 2ar exp (— arf)dr = = exp ( 2E2)dr (8)

a3
dp, = 4,‘/—.9’ exp (— as?)ds
™

2 52 ( s? )d %)
=V 5 BT\ /)7 (

where u, r, and s are, respectively, the magnitudes of
the velocities on the x axis, in the xy plane, and in space.
E is the root-mean-square velocity along the x axis in
each case anda =1/2E2.

It can be seen that the expressions for dp, and dp,
are identical to the expressions for dpy and dpa of (5)
and (6). .

The following additional facts about the envelope
may be of some interest.

The Probability that the Envelope Will Exceed the Value A

The probability that the envelope will be greater
than a certain voltage 4 at a given instant is

fw A ( A’)dA
=), 2P\

A?
expl — —)-
(- 35)

Mr. Norton omits the 2 in the denominator of the ex-
ponent and, hence, his values are in error. Actually,
if A=4E, then pa=¢*=0.00034. If A=3E, then
pa=e"2=0011. If A =2E, then ps=2"2=0.135. As
would be expected, these values are from ten times to
three times the corresponding values for py. The in-
creased values would be expected because the envelope
encloses more area than the wave itself.

I

(10)

The Most Probable Value of A

The most probable value of the envelope is where
d*pa/dA? goes to zcro.

Ay A (— A A2
— = —| ——)exp| — —;
dA*  E}\ E? ) ( 2E’)

1 AR
4,2 1
B E?
A, =+ L. (12)
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Thus, the most probable value of the envelope of a
radio-frequency noise wave is equal to the root-mean-
square value of the wave.

The Mean Value of A

The mean value of 4 is the integral from 0 to « of
A, times the probability of occurrence of 4.

_ © A A?
A =f A——exp(———)dA
o E? 2E?

T
= E1/— = 1.252E.
2

(Mr. Norton's value of 0.886E is in error by the factor
\/2 because in (1b), Ei, E, etc., are peak values not
root-mean-square values. The mean absolute value of
Vis | V| =0.798E as proved in my paper.)

The value of 4 is of some importance because it is
the value of the direct-current output voltage from an
ideal diode detector (when the ideal diode detector is
defined as one in which the output voltage follows the
envelope of the wave exactly).

(13)

The Root-Mean-Square Deviation of A from its Mean
Value

The root-mean-square deviation of 4 from its mean
value is the root-mean-square audio output of an ideal
diode detector with noise but no signal applied. It is
obtained by a simple integration as follows:

Yy 7\2A A?
A, =1/f (A - EV—) —_ exp(— ——)dA
, 5 2/ E? 2E?

(14)

™
= E,‘/Z ——2—= 0.655E.

The Root-Mean-Square Value of A

The root-mean-square value of 4 may be obtained
directly by integration or from the following:

Awme = VAT + A2 = V2E. (15)

CORRECTION

I would like to take this opportunity to correct an
error in my paper. On page 52, equation 13, the limits
of integration should be 0 to «.

K. A. Norton!: As Mr. Landon admits, his equa-
tions are for the distribution of voltage rather than
amplitude with time. The equations given in my dis-
cussion give the correct distribution for the amplitude
with time in fluctuation noise. There is no error of V2
as Landon states; this may be seen by reference to (3)
which proves that the root-mean-square value of the
instantancous amplitudes V of the disturbance aver-
aged over a long period of time is equal to E. Landon
was apparently confused by my statement that “the
root-mean-square value of the resulting disturbance is
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equal to the root-sum-square value of the amplitudes of
the individual oscillations”; as far as the experimenter
is concerned, only the resulting disturbance can be ob-
served and its root-mean-square value is just E.

Mr. Landon states that my equations are for the dis-
tribution of the envelope; that is correct to the extent
that any useful meaning may be attached to the en-
velope of a noise disturbance in which the fluctuations
are varying just as rapidly as the fluctuations of the
voltage wave itself. My equations, however, are al-
ways applicable to the distribution of the amplitude of
the fluctuation noise; this amplitude, which I have de-
noted by V (but which Landon denotes by 4), may be
defined by the following equation for the instantaneous
voltage of a disturbance of angular frequency w and
phase ¢.

v =V sin (wf + ¢) (16)

where v denates the instantaneous voltage and ¢ is the
phase of the instantaneous value of the disturbance.
Note that V has positive values only while v will be
negative for half of the time.

It is important to note that in Jansky’s experimental
work the average value of the envelope V, rather than
the average value of the voltage v, was measured; this
probably explains the close agreement between his ex-
perimental value and my theoretical value.

It is instructive to determine the distribution of the
voltage v of fluctuation noise directly from (16). Since
V is distributed between 0and « in accordance with
the probability law

v .
dp/dV = Fc(exp'—(V/E)) 17

and since U=sin (wt+¢) is independently distributed
between —1 and +1 in accordance with the probabil-
ity law

dp/dU = (18)

1
1r\/1—U’.

Then, using a theorem due to Huntington,” we may
write for the distribution of the product UV =y

e(exp —(V/E)XdV. (19)

i 2f+~ v
v="m) _ i-g

If we set V?—u?=X?2 the integration may be per-
formed and we obtain

dp/dv = e(exp—(V/E))* (20)

1
EV®

This equation is not directly comparable to (5) for
the probability of a voltage between v and v+dv since

" E. V. Huntington, “Frequency distribution of product and
quotient,” Annals Math. Statistics, vol. 10, pp. 195-198; June, 1939,
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the E in (20) is the root-mean-square value of V. If we
write E, for the root-mean-square value of v we obtain

+2 1 e :
E2 = 2dp = v2e(exp — (V/E)) dv
f S ) .

—0

2

— (21)

and we see that the root-mean-square value of Vis 1/2
times the root-mean-square value of v.

When E,, as determined by (21), is substituted for
E in (20) and (17) we obtain Landon’s equations (§)
and (6). Thus there is no discrepancy in the mathema-
tics. However, since it is the distribution of the en-
velope V, which was measured experimentally by Jan-
sky rather than the distribution of the voltage v, my
relation V =0.886 E is the one applicable to the experi-
mental results instead of Landon’s relation # =0.798FE,.

Vemon D. Landon*: It now appears that Mr. Nor-
ton and I are in almost perfect agreement providing we
both charitably agree to use the other fellow's latest
definitions in reading his carlier work.

Thus in the title of my original paper, “The Distri-
bution of Amplitude with Time in Fluctuation Noise,”
the word amplitude must be interpreted as the instan-
taneous voltage, as I intended. Fortunately, a more
accurate wording is used in many places in the body of
the paper.

In Mr. Norton's discussion when he speaks of “the
root-mean-square value of a wave,” he means not the
root-mean-square voltage but something larger by the
factor 4/2. (See equation (21).) Similarly, when he
speaks of the average value of the wave he means not
the average voltage but the average magnitude of the
envelope.

Of the three of us, Jansky alone was quite lucid on
these definitions. His use of the words, “effective, or
root-mean-square voltage,” and his defining equations
(1) and (2) leave no room for doubt. He was trying to
measure the ratio of the average voltage to the effec-
tive voltage, not the ratio of the average value of the
envelope to the root-mean-square value of the en-
velope. What he actually measured is son‘lething else
again. From his circuit diagrams, it appears that his
measure of the average voltage might be nearer to the
average value of the envelope, while his measure of the
effective voltage might be accurate. If this were true
Fhe expecteq value of the ratio would be 1.252, which
is still further from a check. Perhaps the point is not
“./orth belaboring further. There seems to be no ques-
tion now as to the theoretical values of the various
ratios.

I, too, ha.ve derived the voltage distribution from the
envelope distribution by a method similar to that of
Mr. Norton. It should be pointed out that the proof
depends on the assumption that the phase angle is ran-
dom “{hen the value of the envelope is given. This as-
sumption appears to be quite justified.
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It is a curious fact that the reverse derivation cannot
be carried out by this method. Given the value of the
instantaneous voltage, the phase angle is not random!
This derivation has been carried out by another method
but it is somewhat involved and need not be repeated
here.

In spite of the initial misunderstanding I believe
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that the discussion has brought out important material
not previously published. It is to be hoped that the
controversy will not becloud the issue. I believe that
(accepting the above definitions) either Mr. Norton’s
work or my own is an accurate treatment. Certain of
the details brought out in the discussion should find
important practical applications.

“Distortion Tests by the Intermodulation Method”*

Jou~ K. HILLIARD

Benjamin F. Miessner': This paper is especially
interesting to me, inasmuch as I have used the identi-
cal method for at least ten years in my researches on
electronic musical instruments.

The May, 1939, issue of Radio-Craft contains an
article by A. C. Shaney on this same subject and the
August, 1939, issue contains a letter of mine concern-
ing the Shaney article.

For qualitative determination of such distortion in
chordal instruments such as piano and organ, and for
setting the maximum allowable gain on the instru-
ment's amplifier by its internal volume control, I al-
ways used the two-note, maximum-intensity test. Any
such distortion quickly showed up as a third beat
frequency clearly defined, particularly if the two notes
chosen were in the 2000- to 4000-cycle region where
the harmonic content is poor.

For qualitative measurements two sine-wave audio-
frequency signals were sent through the system, picked

* Proc. I.R.E., vol. 29, pp. 614-620; December, 1911.
1 Miessner Inventions, Inc., Millburn, New Jersey.

up by a high-quality microphone close to the speaker,
and analyzed by a General Radio wave analyzer. |
have long considered this the ideal distortion-measur-
ing system since it measures directly what the ear it-
self hears as the objectionable element in sound repro-
duction. With one pure tone the ear has great diff-
culty in determining the presence of harmonics intro-
duced by distortion, simply because these do fall
naturally in a Fourier series. The two-tone beat
method, with the frequencies chosen for a maximum
discordant beat tone having a frequency within the
region of maximum ear sensitivity, and representing
the worst possible actual operating condition for the
sound-reproducing system, immediately and unmis-
takably indicates to the ear any disturbing distortion,
and the ear is the final criterion anyway.

In practice I have found that amplifier or whole-
system power ratings obtained by the single-tone
harmonic-amplitude content method gives values
which are considerably above tolerable ratings for
high-quality performance.
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Institute News

and Radio Notes

Executive Committee

Meetings of the Executive Committee
were held on August 7 and August 11.
At both meetings all members were pres-
ent, the attendance consisting of A. F.
Van Dyck, chairman; I. S. Coggeshall,
Alfred N. Goldsmith, R. A. Heising
(guest), F. B, Llewellyn, Haraden Pratt,
B. J. Thompson, and H. P. Westman,
secretary.

Approval was granted of 122 applica-
tions for Associate, 113 for Student, 9 for
Junior, and 5 for transfer to Associate
grade.

Applications for admission to Member
numbering 14 and a similar number for
transfer to Member were approved.

A number of matters pertaining to the
operation of the office were considered.

At the request of the chairman of the
Membership Committee, an interpretation
of the requirements for Student member-
ship was made. It is the view of the Com-
mittee that a Student is eligible for Stu-
dent membership if he is devoting a major
proportion of his time as a registered Stu-
dent in a course in engineering or science in
a school that offers four-year courses and
degrees. The Student nced not be follow-
ing one of these four-year courses nor be
working for a degree.

A request for the use of the Institute
mailing list for advertising purposes was
denied.

The Sections Committee at its Annual
Meeting on June 29, 1942, adopted a new
section to be added to the Constitution for
Sections. The matter was referred tq the
chairman of the Sections Committee and
Dr. Llewellyn, that member of the Execu-
tive Committee responsible for section ac-
tivities.

Selective Service
Deferment

Under date of June 18, 1942, Occupa-
tional Bulletin (No. 10) was issued by
General Lewis B. Hershey, the Director
of the Selective Service System. It con-
cerns the deferment of students in various
engineering and scientific courses among
which radio engineering is included.

It points out that such students re-
quire several years of training and that per-
sonnel shortages now exist in these fields.

Careful consideration for occupational
classification (possibly involving defer-
ment) is recommended for undergraduate
students who have completed two years
of college work and who intend to con-
tinue, and for graduate students who are
doing instructional work or are engaged
in scientific research related to the war
effort which is supervised by a recognized
federal agency. In addition, it is recom-
mended that graduates on leaving school
be allowed approximately sixty days to
become engaged in a critical occupation
essential to the war effort.
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CoLiN B. KENNEDY
1885-1942

Colin Bruce Kennedy was born in Tees-
water, Ontario, Canada, on February 6,
1885. His primary education was ob-
tained in the Canadian Public Schools.
IHe learned telegraphy while working as
an errand boy for a small-town drugstore
which was also the telegraph office.

Leaving home when about fourteen
years of age, he spent the next ten years
as a telegraph operator in many cities
throughout Canada. The last two of
these years he was in charge of lwo
radio stations on the west coast of Van-
couver Island in the Canadian Govern-
ment wireless service.

His next seven years were spent with
the Federal Telegraph Company at Palo
Alto, California, as a radio operator,
station engineer, and research and de-
velopment engineer. This included the
entire period of World War I during
which the cqmpany built many large and
small radio transmitters for the Govern-
ment.

In 1919, he organsized and became the
President of the Colin B. Kennedy
Company. Although originally estab-
lished for the manufacture of radio recesv-
ing equipment for experimenters, at the
advent of radio broadcasting, the com-
pany was among the first to produce
recesvers for home use. This business con-
tinued until 1933 when economic con-
ditions forced a suspension of operation.

Mr. Kennedy continued in the radio
field, predominantly in a merchandising
capacsty. In February, 1942, he entered
the service of his country, becoming a
cvilian _employee at the Signal Corps
tnspection depot in Chicago. In his death
on June 16, radio has lost another of the
pioneering spirits whose vigorous and
constructive work in the early days did
much to advance the art and the science.

Membership

The following indicated admissions and
transfers of memberships have been ap-
proved by the Board of Directors.

Transfer to Member

Aston, J. P., 1336 Crawford Bridge Ave.,
Verdun, Que., Canada

Felch, E. P.,, 44 Elmwood Ave., Chatham,
N.J.

Hoffman, E. J., 409 E. Third St., Em-
porium, Pa.

Hogencamp, H. C., 492 Prospect St.,
Maplewood, N. J.

Katzin, M., 2538 A St.,SE., Washington,
D

LeBel, C. J., 370 Riverside Dr., New
York, N. Y.
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McCoy, J. C., Bell Telephone Labora-
tories, Inc., 180 Varick St., New
York, N. Y.

McKechnie, J. S., 124 Lincoln Ave., Little
Falls, N. J.

Morris, R. M., 22 Mountain \iew Rd.,
Millburn, N. J.

Nichols, W. A., Canadian Broadcasting
Corp., 1012 Keefer Bldg., Mon-
treal, Que., Canada

Olmstead, N. C., Bell Telephone Labora-
tories, Inc., Whippany, N. J.

Schiesinger, L., c/o Naval Research Labo-
ratory, Washington, D. C.

Smith, J. P., 39 Harrison Ave., Erlton,
N.J.

Somers, R. M., ¢/o Thomas A. Edison,
Inc., Lakeside Ave., West Orange,
N.J.

Admission to Member

Anderson, F. B., 188 Eimwood Rd., Oak-
hurst, N. J.

Black, H. S., Bell Telephone Laboratories,
Inc., 180 Varick St., New York,
N.Y.

Bollman, J. M., Bell Telephone Labora-
tories, Inc., 180 Varick St., New
York, N. Y.

Bond, W. L., Bell Telephone Laboratories,
Inc., 180 Varick St., New York,
N.Y.

Dorsey, J. W., University of Manitoba,
Winnipeg, Manit., Canada

Edson,” J. O., 10 Rustic Pl., Great Kiils,
S.I,N. Y.

Kinzer, J. P., Bell Telephone Labora-
tories, Inc., 180 Varick St., New
York, N. Y.

Krist, H. K., 100 Lake Dr., Mountain
Lakes, N. J.

Maggio, J. B., 548 Springfield Aye., Sum-
mit, N. J.

McCurdy, R. G., Belt Telephone Labora-
tories, Inc., 463 West St., New
York, N. Y.

Page, E. C., 504 Munsey Bldg., Washing-
ton, D.C.

Stratton, J. A., Massachusetts Institute of
Technology, Cambridge, Mass.

Van Tassel, E. K., 419 S. Chesnut St.,
Westfield, N. J.

Young, C. H., Bell Telephone Labora-
tories, 463 West St., New York,
N.Y.

Admission to Associate

Alter, J. M., 301} Coleridge Ave., Al-
toona, Pa.

Anagnost, A. L., 2839 Decatur Ave., New
York, N. Y.

Armstrong, D. E., 79 Shaver Ave., Shaver-
town, Pa.

Baird, M. N., General Electric Company,
Fort Wayne, Ind.

Balwanz, W. W., 2001 Commonwealth
Ave., Alexandria, Va.

Bauman, H. W, 1704 Surf Ave., Belmar,
N J.
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Beebe, W. J., 2109 Napa St., Vallejo,

Calif.
Bueffel, B. H., Jr., 90 Clinton St., White
Plains, N. Y.

Chang, D. C., 1117-A Clio St., Honolulu,
T.H

Clarke, R. L., 328 Manheim St., Phila-
delphia, Pa.

Cohen, A. A., c/o Department 679, RCA
Manufacturing Company, Har-
rison, N. J.

Creedon, H. T., 121 Seacord Rd., New
Rochelle, N. Y.

Denoncourt, J. L. E., R.C.AF. Detache-
ment, McGill University, Mon-
treal, Que., Canada

Flynn, G., Radio Station WOW, Omaha,
Neb. .

Garrahan, C. J., Swarthmore College,
Swarthmore, Pa.

Gunn, C. J., Airway Comm. Sta., Box
1689, Fort Worth, Tex.
Hancock, J. W., 21 W. Mt. Airy Ave,,

Philadelphia, Pa.

Hannaford, ]J. C., Signal Section, Fourth
Air Force, San Francisco, Calif.

Hastings, A. E., Naval Research Labora-
tory, Anacostia, Washington,
D. C.

Hedrich, A. L., 3018 Ninth St., S.E,

Washington, D. C.

C. F.,- National Bureau of
Standards, Washington, D. C.
(Transfer)

Kelmis, K. J., 153 W. 66th St., New York,
N.Y.

Kimball, R. E., 44 Lincoln St., Stoneham,
Mass.

Koch, R. F., 432 Broadway, Cedarhurst,
N. Y. (Transfer)

Kreutter, H. R., 545 W. Taft Ave.,
Bridgeport, Conn.

I.ambert, R. O., 30 Manor Vale, Boston
Manor Rd., Brentford, Middx.,
England

Lee, F. N., 222 Qakland Ave., Methuen,
Mass.

McGlashan, A. R., 10 Hill Crest Grove,
Sherwood, Notts., England

Miller, R. H., Jr., 1328—106 Ave., Oak-
land, Calif. (Transfer)

Miller, W. T., 37 Newburg St., Roslindale,
Mass.

Milton, V. A., 4627 Saratoga Ave., Ocean
Beach, Calif.

Morey, A. M., 9525 N. Kellogg St., Port-
land, Ore.

Moses, E. C., Box 437, Lake Charles, La.

Johnson,

Institute News and Radio Notes

Naftel, F. E., C.A.P.O. No. 3, RCAF
QOverseas

Newbegin, J. A., RCAF #10 Repair Depot,
Calgary, Alta., Canada

Oker, W. A., 3306 Renfro Ave., Cincin-
nati, Ohio

Peake, H. J., 715 S. Washington St.,
Alexandria, Va., (Transfer)

Petrich,L.G., R.F.D. 2, Morris Plains, N.J.

Poole, H. H., Royal Dublin Society, Dub-
lin, Ireland

Rathjen, P., Box 5, Montville, N. J.

Robertson, R. D., 29 Lexington Ave.,
Bloomfield, N. J.

Rogers, G. L., 8330 Third Ave., Inglewood,
Calif. (Transfer)

Rowley, H., 179 Mcgillivray St., Ottawa,
Ont. Canada

Russell, A. C., Box 371B, GPO, Hobart,
Tasmania, Australia

Sales, L., 145 W. 188th St., New York,

NY.

Satterlee, H. A., 2234 Carabel Ave., Cleve-
land, Ohio

Schlegelmilch, R. O., 206 Tenth Ave.,
Belmar, N. J.

Schmeisser, K. R., 13117 LaSalle Blvd.,
Detroit, Mich.

Schramm, E. O., 48-05—14 St., N. W.,
Washington, D. C.

Sievers, W. C., 619 Bixby Ave., Bellflower,
Calif.

Sisk, J. J., General Delivery, Excelsior
Springs, Mo.

Sivin, L., F.A.S. (W), Fort Sill, Okla.

Smullin, W. B., Box 43, Eureka, Calif.

Somerville, F., “Duncruin,” Copley Way,
Tadworth, Surrey, England

Springer, P. W., 36 Klee Ave., Dayton,
Ohio

Sproul, S. S., Magnetic Survey Range,
Newport, R. I.

Stewart, R. D., No. 10 The Garrison,
Barbados, B.W.I.

Tetley, W. H., Box 156, Pebble Beach,
Monterey, Calif.

Tibbs, C. E., 33 Colcokes Rd., Banstead,
Surrey, England

Tyler, S. R., Jr., 4505 Wornall Rd., Kan-
sas City, Mo.

Uecke, E. H., 2652 Workman St., Los
Angeles, Calif.

Volkner, J. R., Jr., ACRM (AA) USN,
Radio Materiel School, Naval
Research Laboratory, Bellevue,
D. C.

Walker, F. R., General Electric Company,
Schenectady, N. Y.
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White, A. W., Box 4588, Johannesburg,
South Africa

Whyte, T. R., ¢/o Midland Bank Ltd.,
New St., Birmingham, England

Wolf, S. H., US.S. Jovett, D396, c/o
Postmaster, New York, N. Y.

Zimmerman, S., 1037 Manor Ave., Bronx,
New York, N. Y.

Books

Television Broadcasting, by
Lenox R. Lohr

Published by McGraw-Hill Book Com-
pany, 330 West 42 Street, New York,
N. Y., 1940. 274 pages. 88 illustrations
Price $3.00.

For those whose interest in television
is general, as well as for the serious work-
ers in the field, this book on television
broadcast production will be interesting
and helpful. The author was president of
the National Broadcasting Company up
to early 1940, while this organization was
carrying on the most extensive experi-
ments in programming in the United
States. He writes, with a clear, readable
style, the answers to the large number of
questions asked by the man in the street
about this new form of home entertain-
ment. Simple, accurate descriptions are
given of the technical portion of the equip-
ment too.

To give an idea of how “Television
Broadcasting” is subdivided, some of the
chapter headings are listed: The Televi-
sion System; Putting it to Work; Televi-
sion Programming—Basic Considerations;
Studio, Motion-Picture and Outdoor Pro-
grams; Network Broadcasting; Basic
Economic Factors; Legal Aspects; The
Technical Elements of the Television Sys-
tem; Summary of Regular Service Opera-
tions; and A Television Script, “The Three
Garridebs.”

Mr. Lohr's book, covering television
broadcasting technique up to 1940, can
well form a very useful starting point for
future developments in this field when
the present world-upsetting events are
over.

o ALBERT F. MURRAY

National Defense Research Committee

Washington, D. C.




Contributors

WEN-YUuAN PAN

Wen-Yuan Pan (A'41) was born in
China on July 15, 1912, He received an
engineer’s degree in electrical engineering
in 1939 and the Ph.D. degree in 1940 from
Stanford University. He was a teaching
and research assistant at Stanford in 1939
and has been responsible for the procure-
ment of electrical-communication equip-
ment and materials for the Chinese Gov-
ernment under the Lend-Lease Act and the
American loans to China since 1940. Mr.
Pan is a member of Sigma Xi and the
American Military Engineers.

2,
<

Percy E. Patrick (A’'34) was born in
the Union of South Africa in 1911. He re-
ceived the B.Sc. degree in 1934 and the

432

M.Sc. degree in 1936 from the University
of Cape Town. He joined the African
Broadcasting Company in 1933 and was
sent to the Marconi Works, England, in
1936 to watch the construction of studio
equipment for Johannesburg, where he was
appointed engineer-in-charge in 1937. He
is now branch manager for the South
African Broadcasting Corporation at
Grahamstown. .

Notk: The African Broadcasting Com-
pany, a commercial concern, was changed
by act of Parliament into a public utility
company, the South African Broadcasting
Corporation, in August, 1936.

PercY E. PAaTRICK

Proceedings of the I.R.E.

HARRY R. SUMMERHAYES

Harry R. Summerhayes, Jr., (A’'36
was born at Schenectady, New York, on
February 19, 1914. He received a B.S
degree in physics from Union College in
1935 and after a year of graduate work he
received an M.S. degree in science from the
same institution. Since that time he has
been employed in the General Engineering
Laboratory of the General Electric Com-
pany where he has been engaged in various
television and radio engineering projects.
Mr. Summerhayes is an associate member
of Sigma Xi.

,
<

For a biographical sketch of Harold
Alden \Wheeler, see the PROCEEDINGS
for January, 1942,

September, 1942

-*—_—




PRECISE ACCURACY and

RUGGED DEPENDABILITY

Accurate and Dependable . . . recognized in engineering circles as the finest obtainable
commercially, DAVEN ATTENUATORS are specified and used extensively in laboratory.
electrical, broadcast, sound picture and television equipment.

Due to the specialized nature of high fidelity audio equipment, a large number of require-
ments must be produced to specifications. However, our catalog does list the most com-
plete line of precision attenuators in the world; “Ladder.” “T” type. “Balanced H” and
potentiometer networks—both variable and fixed types. Refer to your DAVEN catalog.
Ordering standard components may expedite your deliveries.

THE DAVEN COMPANY

158 SUMMIT STREET NEWARK, NEW JERSEY




TYPE 850 High Frequency, High Voltage Unit

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

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

Terminals available in two types; same as
Type 840.

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

TYPE 840 High Capacity

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

(1) Zero Temperature Coefficient up to 1500 MMF.

(2) Negative Temperature Coefficient up to 3000 MMF.

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

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

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

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

Terminals — two types available:

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

(2) Axial mounting post with 632 ma-
chine screw thread.

Proceedings of the 1. R. E. September, 1942
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BUILT TO ENDURE'

HK 854

450 Watt Plate diss.
Max. output 1800
Watts

The four colossal heads carved in granite on the
rugged heights of Mount Rushmore will weather
the storm and fury of ages to come.

Like this mightiest sculpture of man, GAMMA-
TRON tubes are built to endure terrific punish-
ment. Tantalum plate and grid construction, elim-
ination of all internal insulators, and a special
exhaust process positively prohibit the release of
gas even at tremendous overloads.

GAMMATRON low voltage type filaments have
a large reserve emission supply. They are con-
servatively rated, have an ample safety factor,
and are operated at a point which provides the
largest number of watt hours per dollar.

In these days the extra stamina of long-lasting
GAMMATRONS is of greater-than-ever importance.

ﬁtmum KAUFMAN |

SOUTM SAN FRANCISCO \ LTB. CALIFORNIA U 3-A°

AMMATRONS oF course?
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On guard against Electrical Blackouts

A blinding flash! A short circuit! The
saboteur thinks his work is done . . . and
it would be, but for the giant circuit
breakers that stand guard over America’s
power lines.

For, without fast-acting circuit break-
ers, a short circuit in a substation would
melt the power lines in an instant.
Transformers and huge electric genera-
tors would be damaged or destroyed.
Power would be disrupted for days or
weeks. Vital war work would be brought
to a standstill.

Recently, Westinghouse Research En-
gineers developed radically new types of
circuit breakers. These improved devices
break the circuit in a shorted power line
at the incredible speed of one twentieth
of a second.

Then a problem arose. How could
Westinghouse scientists be sure these

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY, PITTSBURGH, PENNSYLVANIA

tv

new circuit breakers would cut off the
power quickly enough . . . in the split
second that spells the ditference between
protection and disaster?

SoLuTioN: the mammoth Westing-
house High Power Laboratory where
torrents of electric power . . . equivalent
to the smashing force of 75,000 thunder-
bolts . . . are made to order.

Here, two 500-ton electric generators
build up power of an instantaneous value
of 2,000,000 kw. This surge lasts only a
few seconds but, during that time, de-
velops twice the power generated at
Niagara Falls!

This terrific force is discharged into
a new Westinghouse oil circuit breaker
to test its efficiency in protecting Amer-
ica’s power systems. In a fraction of a
second, the short circuit is blotted out

. with no harmful effect upon genera
tors, transformers, or other electrical
equipment.

Outdoor type air-blast circuit breakers
are tested in insulated cells, at tem
peratures ranging to 20 degrees below
zero. Although coated inch-deep in ice,
these breakers operate perfectly under
a flood of power 30 times greater than
the normal power-line load.

Out of the Westinghouse High Power
Laboratory have come many improve
mentsincircuit breakers, giant fuses, and
power switches . . . guardians of power
lines against enemy sabotage, possible
aerial bombing, and accidental short
circuits.

Thus does Westinghouse “know how”
help keep power flowing into America’s
mighty war industry upon which our
very survival depends.

Westinghouse

PLANTS IN 25 CITIES—OFFICES EVERYWHERE
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RIFPLETT

Vhre-/2re INSTRUMENTS

1
i l,i!ﬂﬁvu\\i\
=]

NOTE — Trivy Moroeo Case ___z/ Yj»
Wrrw Fuee Sr1ZE TRIPLETT FoLe S1Z2€

MECHANIS M- JRIPLETT
MECHANISM.

INSTRUMENT

“<“SPECS”

® Minimum case depth.

® Full standard size rigid mechanism . . .
no projecting base.

® Wider shroud strengthens face: focuses
attention on scale.

® Simplified zero adjustment.

® Sapphire or equivalent jewels. All com-
zﬁ:ﬁ?;.parts finely made and of superior ; 125 Diram.

® Balanced Bridge Support.

® Metal Bridges at both ends.

® Separate Scale Mounting.

® Doubly Supported Core. Dimensions OvERALL 022/-7

Also available in metal case %’;” 5’;;"?‘ & Nurs . Oroer

NOTE: When space is at a_premium and for all
installations where space is cfl \ciently used, Triplett

Thin-Line Instruments set a new standard of pre- THE TR'PLETT ELECTR“:AL |NSTRUMENT co.

cision performance in “condensed” space. For full H U.S.A.
GO Ts wite for Triplett Thin-Line Bulletin to The BLUFFTONSONIS

Triplew Electrical Iastrumcat Co., Bluffton, Ohio. . = 4 A 4-29-91

ceciee 47, 70l ST A
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ew electronic developments have

created new tube designs. We,

at RAYTHEON, are indeed fortunate to be

_— placed in the advantageous position of

= engineering these new intricate design

“— tubes. Our research engineers have devel-

— oped special tubes to meet the newest of
today’s electronic developments.

We are meeting the demand for tubes

used in special applications ... RAYTHEON

————  has always been proud of the ability of its

T engineers tomeet any emergency demand for

— unorthodox tube designs. Today our pride

-~ — has been more than justified by the elec-

——— tronic problems they have solved, and the

" quality of the product they are fabricating.

When the present conflict is over

RAYTHEON'S engineers will be in posses-

— _ _——=sion of priceless electronic experience to

—— build advance tube designs for better trans-

-——— mission and reception,

u“H‘"'-

= < -
e e S~ e
]
Raytheon Manufacturing

Company
Waltham and Newton, Massachusetts

DEVOTED 'l"O RESEARCH AND THE MANUFACTURING
OF TUBES FOR THE NEW ERA OF ELECTRONICS

_ . e T
B et 0 2 VS

For military reasons, the tube shown is not a devel -
D BN, new deveiopment

vi
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_OHMITE resisTors

Engineérec\l for Exacting ElectronicEquipment

X-Ray Photo Shows Evenness of Winding

HE cut-away view shows several of the outstanding features
of one of the most widely used Ohmite Resistors.

T

1. The resistance wire is wound on a ceramic core. Ohmite Vitreous
Enamel holds the wire rigidly in place—insulates and protects the
winding —dissipates heat rapidly—~withstands humidity.

2, The evenness of the winding, shown in the x-ray photo, prevents “hot
spots” and failures—and makes for long, reliable service on the job.

3. The resistance wire is both mechanically locked and brazed to copper
terminal lugs, assuring perfect electrical connection between lugs and
wire. The lugs are tin-dipped for ease in soldering the connecting

More than 60 wires.

GG 4, The mounting brackets hold the resistor firmly yet resiliently in place.

They are easy to mount—easy to femove.

More than sixty different core sizes make possible an almost endless
variety of regular or special resistors to meet every need. Core sizes
range from 2%" diameter by 20" long to 5/16" diameter by 1” long. Watt-
ages range from 1 to 1500 watts—Resistances, from a fraction of an ohm
to 250,000 ohms. Available in fixed, adjustable, wire or flexible lead,
tapped, ferrule, Edison base, bracket, cartridge, strip, precision, non-
inductive and other types. Ohmite Engineers are glad to help you on any
resistor problems in connection with Governmental or Industrial
requirements.

Send for Catalog ond Engineering Manval No. 40

Write on company letterbead for complete, helpful 96-
page guide in the selection and application of Obmite
Resistors, Rbeostats, Tap Switches, Chokes and Atten-
uators.

OHMITE MANUFACTURING COMPANY
4862 Flournoy Street » Chicago, U. S. A.

5o /gqél‘wzéé OHMITE

Used in the Armed Forces RHEOSTATS +- RESISTORS + TAP SWITCHES
and in Industry )

Wide Range of Types
for Every Need
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STOP

before callmg

Washmgton

Busiest place in the world
right now is Washington, D. C.

The war effort centers there.

Long Distance telephone
calls in and out of Washington
alone are about 70,000 a day
and the number is growing.

We can’t keep building
ahead of this traffic because the

materials have gone ta war.

So we ask you not to put

through a Long Distance tele-

phone call 10 Washington un-

less it is absolutely necessary.
Even then please be as brief as
possible — to keep the lines

open for the vital needs of war.

BELL

WAR CALLS TELEPHONE SYSTEM

COME FIRST




AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

4
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WRITE FOR-YOUR COPY TODAY!

JUST OUT!

Design, engineering and catalog

data on the nation’s most com-

plete line of quality relays and

timers including many types for
war requirements.

THE NEW DUNCO CATALOG AND
RELAY-TIMER DATA BOOK

® Far more than a catalog, the new
Dunco Relay-Timer Book is a complete
guide torelay selection and usage. Fully
revised, greatly enlarged, profusely
illustrated, replete with detailed speci-
fications and engineering information,
and prepared with a particular eye to

—  war equipment requirements, it is a

book that should prove helpful to de-
signers, engineers, purchasing agents,
production executives and mainten=
ance men alike.

Write for your copy today—or as
many copies as may be required to
equip your organization. Please men-
tion company connection.

STRUTHERS DUNN, INC., 1340 CHERRY STREET, PHILADELPHIA, PA.
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THE INSTITUTE serves those interested in radio and allied electrical communication

fields through the presentation and publication of technical material.

THE PROCEEDINGS has been published without interruption since 1913 when the first
issue appeared. The contents of each paper published in the PROCEEDINGS are the responsi-
bility of the author and are not binding on the Institute or its members. Material appearing
in it may be reprinted or abstracted in other publications on the express condition that specific
reference shall be made to its original appearance in the ProceEDINGS. Illustrations of any

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

STANDARDS reports are pub-

NN i o dimesand are The Institute of Radio Engineers
sent to each member without | Incorporated
charge. The four current reports | 330 West 42nd Street, New York, N.Y.

are on Electroacoustics, Elec-
tronics Radio Receivers, and Ra-

dio Transmitters and were pub- 14 L= ]
lished in 1938 I hereby make application for ASSOCIATE membership in the Institute
1shed 1 2 of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally

To the Board of Directors

Gentlemen :

= familiar with my work.
MEMBERSHI_P has grown from I certify that the statements made in the record of my training and pro-
a few dozen in 1912 to about fessional experience are correct, and agree if elected, that I shall be governed

. by the Constitution of the Institute as long as I continue a member. Further-
SV th.ousand. Pra.ctlcal.ly ever.y more I agree to promote the objects of the Institute so far as shall be in my
country in the world in which radio power.

engineers may be found is repre-
sented in our roster. Dues for the
five grades of membership range
from $3.00 to $10.00 per year. The
PROCEEDINGS iS sent to each mems: & 0000 & gy B cikecceRRRRRGLed (Addressfor ma,l) .................
ber without further payment.

SECTIONS in twenty-six cities (City and State)
in the United States, Canada, and
Argentina hold regular meetings. |
The chairmen and secretaries of
these sections are listed on the
page opposite the first article in SPONSORS

this issue. (Signatures not required here)

SUBSCRIPTIONS are accepted Mr
for the ProceEeDpiNGs at $10.00 per
year in the United States of AdAYESS! setceic r7 a0 10a: - SsgdToc 3OIEREETTL  owe N gl OO 8 T Al
America, its possessions, and
Canada; when college and public
libraries order direct from the In- i b iR © T2 e s A T 39 6 R T A NI TR e Y T
stitute, the subscription price is
$5.00. For other countries there is
an additional charge of $1.0Q0,

City and Sfate sictieds. og ivsnniais 521N e S ekt 1 < aS A L BN

AAILESss’ a8 crrieppmisttons s T YHOEEE: s e o5 € aed it

City And ' State) s'ea o yadlo < Nonnsdsat bob i 0 oo ualbaaee L1 0 e S0er

! ] ) Mt ot prastives Bitrats anE i s TR IS Conar sa okl s e o 24
The Institute of Radio Engineers, Inc. '
Harold P. Westman, Secretary AdAress . st sarnssrm ool shaebtollin o 08 Uil R L BT A 1 PR
330 West 42nd Street
New York, N.Y. City and STALE ., .. 4« s sioiteisle Blbiate oo o oa s 1o dho s cmMeksa'd 3SR Seg 3l e - AL
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REMITTANCE SCHEDULE

MonTtH DuriNG
WiicH AMOUNT or REMitTtaNcE (=EnTrANCE Fee-}-Duzs)

APPLICATION
Reacues LR.E. WHICH SHOULD ACCOMPANY APPLICATION
HEeapgQuartErs
Granz — ASSOCIATE Pg:;’; %VYE::Z:Y
Jan., Feb. [|$7.50 (=$3-4$4.50%) Apr.-D)c;:. (9 mo. of current
ear
Mar.,, Apr., May 6.00 (= 34 3.00°) Ju{y-Dc)u':. (6 mo. of current
year
June, July, Aug. 4,50 (= 34 1.50°) Oct.-D%c. (3 mo. of current
year .
Sept., Oct., Nov. 9.00 (= 34 6.00°) ]an.—D;c. (entire next
year
Dec. 7.50 (= 34 4.50°) Apr.-Dec. (9 mo. of next
year)t

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

® Associate dues include the price of the ProCEEDINGS, as follows: 1 year,
5.00; 9 months, $3.75; 6 months, $2.50; 3 months, $1.25. This may not
e deducted from the dues payment.

EXPERIENCE

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL

Placeof Birth ................... .. Date of Birth ..........
EdUCRLION: Tl b 8 T re e S ms o [l o o Tt . 3 ol o o e ey 4
LD T Py o G B 0 B0 O 5 G o008 A0 D Bk LS T

(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

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

TO APPLY FOR ASSOCIATE MEMBERSHIP

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

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section, If more convenient, however, the
accompanying abbreviated form may be submitted. Additional
information will be requested later on. .

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

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

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

ProcEEDINGs as explained in the accompanying remittance
schedule.

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

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

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

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

>
o
o]

SUPPLIES

BACK COPIES of the PROCEEDINGS

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

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

- VOLUMES, bound in blue buckram,
may be purchased for $14.25; $11.25 to
: members,

BINDERS are $1.50 each. The volume
number or the member’s name will be

stamped in gold for fifty cents addi-
tional,

: INSTITUTE EMBLEMS of fourteen-

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

Receipt Acknowledged ........... Elected ........... Notified
an

with safety catch is $3.00; and the
' watch charm is $5.00. All of these are
: mailed postpaid.
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Advice from “out there” for radio designers ‘“‘back here”

KEEP IT

On the hot sands of Africa, or in the wastes of Alaska
— our men turn with calm confidence to that piece of

}radio equipment you designed.

\ If anything goes wrong, there’s little time for com-
plicated repairs...and often nothing to replace an
injured ‘‘special’’ unit.

How can you best design radio equipment for today’s
far-lung battlefronts?

Don’t over -design! Make it good. But keep it simple.

There are many new and special types of tubes avail-
able. RCA makes the finest of them, and will continue

to make them in order to assist designers.

SIMPLE!

But if you possibly can—avoid them. The men sit-
ting by that piece of radio equipment have to keep it
working — perfectly —all the time. Their repair posts
may not have the ‘“special” parts you included in the
design. The instrument, so important to the lives of
thousands, may stand idle when they need it most.

So use standard equipment whenever you can. Standard
crystals, transformers, condensers, and tubes.
They’re prepared to handle that. They'll be
able to repair them and keep them working. .

essrme
o
o &
=
=4
(7]

And they'll be mighty grateful to you.




COMPLETE YOUR FILES OF

PROCEEDINGS
of
The Institute of Ravdio
) . Engineers

WHILE BACK ISSUES ARE STILL AVAILABLE

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

1913-1915 Volumes 1.3 QUARTERLY $1.00 per copy
1913 Vol. 1 Jan. (a reprint).

1916-1926 Volumes 4-14 BI-MONTHLY $1.00 per copy
1916 Vol. 4 Aug. 1922 Vol. 10 All 6 issues

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

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

1919 Vol. 7 Dec. 1925 Vol. 13 Apr, June, Aug., Oct., Dec.
1920 Vol. 8 Apr, June, Aug., Oct,, Dec. 1926 Vol. 14 All 6 issues

1921 Vol. 9 All 6 issues

1927-1941 Volumes 15-29 MONTHLY $1.00 per copy
1927 Vol. 15 Apr. to July, inc, Oct., Dec. 1936 Vol. 24 Jan. to April, inc., June

1928 Vol. 16 Feb. to Dec., inc. 1937 Vol. 25 Feb. to Dec., inc.

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

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

1931 Vol. 19 All 12 issues 1939 Vol. 27 Jan. to July, inc.

1932 Vol. 20 Jan, March to Dec,, inc. 1940 Vol. 28 All 12 issues

1933 Vol. 21 All 12 issues. 1941 Vol. 29 All 12 issues

1934 Vol. 22 All 12 issues 1942 Vol. 30 Jan. to date

1935 Vol. 23 All 12 issues

LR.E. MEMBERS . . . PUBLIC AND
COLLEGE LIBRARIES POSTAGE

I.R.E. members in good standing are entitled to a discount of :'i"s include postage in the United
& . . t
259% from the above prices. Information about discounts to ac- 2tes and Canada. Postage to other

- = . k 3 ) countries: 10 cents per ¢ .
credited public and college libraries will be supplied on request. >

Remittance should accompany your order

THE INSTITUTE OF RADIO ENGINEERS, Inc.
330 WEST 42nd STREET, NEW YORK, N. Y.

xiv I
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The name is new..the Purpose is not Changed

® There’s little in a name beyond what
men put into it by their sincere effort
and their determination to give it
significance.

There has been a great deal, though, in
the name Hygrade Sylvania becausc of
the high standards that have marked the
manufacture of its products— Hygrade
Incandescent Lamps, Hygrade Fluores-
cent Lamps and Fixtures, and Sylvania
Radio Tubes.

But there are advantages in simplicity,
and in a single title that stands for single-

Proceedings of the 1. R. E

September, 1942

On Juely 30, 1942, lie slockholdors of

HYGRADE SYLVANIA CORPORATION

eoled lo change the company rame b

SYLVANIA

ELECTRIC PRODUCTS INC.

minded insistence on the highest quality
possible in any field with which it is
linked.

So as of July 30, the name of the Hygrade
Sylvania Corporation, adopted in 1931,
became Sylvania Electric Products Inc.

Largely as a matter of conserving stocks
of cartons and scarce packaging materi-
als, changes in the trade names of
Hygrade products will be made gradually.

Eventually, however, all products of the
company will take the name Sylvania,

Radio tubes of many types
and for many purposcs have
madc the name Sylvania
synonymous with utmost
dependability and high
quality. Such products will
continuc to be branded with
this name, but will now be
joined by similarly labeled
incandescent lamps, fluores-
cent lamps and fluorescent
lighting fixcures which were
formerly brand-marked
Hygrade,

P4

which will become the single emblem
of our one and unchanged purpose to
produce the best in our field and to
make our products widely known.

You who have known the quality of
Hygrade Lamps and Sylvania Tubes will
continue to find that same superlative
quality in those products. The only
change will be in the name, to which
we intend to add new luster at every
opportunity that is given us to improve
on the quality and performance of our
products.

PRESIDENT

SYLVANIA ELECTRIC PRODUCTS INC.
Emporium, Po.

/ﬁw%/w%

Hygrade Incandescent Lamps, Fluorescent Lamp.

Fixtures and Accessories, Sylvania Radio Tubes
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1) Standards on Electroacoustics,
1938 ... %0

s asl

Definitions of Terms, Letter and
Graphical Symbols, Methods of
Testing Loud Speakers. (vi+437
pages, 6X9 inches.)
3a) Standards on Transmitters and
Antennas: Definitions of Terms,
1938 . Fegeit¥e 4
A Reprint (1942) of the like
named section oi ‘“Standards on
Transmitters and Antennas, 1938.”
(vi+8 pages, 8% XI11 inches.)
3b) Standards on Transmitters and
Antennas: Methods of Testing,soso

$0.20

A Reprint (1942) of the like-
named section of “Standards on
Transmitters and  Antennas,
1938." (vi+10 pages, 8%4XI11
inches.)

4a) Standards on Radio Receivers:
Definitions of Terms, 1938
A reprint (1942) of the like-
named section of "Standards on
. . > Radio Receivers, 1938.” (vi+6
Variable condenser is con- pages, 8% X11 inches.)
trolled by this unusual 4b) }itandards on Radio Receivers:

; 3 ] ethods of Testing Broadcast Ra-
can(tlllever a;tlon w}:ild} dio Recelvers, 1938 .... ~ $0.50
graduates the speed o < A reprint (1942) of the like
the rotor section in rela- r}x{atged ;ection ot *Standards’ on
R : adio Receivers, 1938.” (vi-+20
tion to theI dial fnhov_emf'ent pages, 8411 inthes.)
to give a logarithmic fre- 5) Standards on Radio Wave Propa-
quency coverage. The ac- gation: Definitions of Terms, 1942.50.20
tion is positive with no (vi+8 pages, 84X 11 inches.)
lost motion. 6) Standards on Radio Wave Propa-

gation: Measuring Methods, 1942..30.50
Methods of Measuring Radio
Field Intensity, Methods of
Measuring Power Radiated from
an Antenna, Methods of Measur-
ing Noise Field Intensity. (vi+16
pages, 85 X11 inches.

7) Standards on Facsimile: Defini-

tions of Terms, 1942 $0.20
(vi-+6 pages, 814X 11 inches.)
| ASA STANDARDS
| (Sponsored by the I. R, E.)
% 9) American  Standard: Standard
| ;acu;xm-Tube Base and Socket Di-
T CDSIONE w i iba 0ot lnD. b sirerihs osas 3
For' detailed information on this and other . instruments (DASSZBS Cl6 2__]939) .(8 i
write direcs to the factory. There is no obligation, of course. f 734 X 1054 ir;ches,) ’ e
‘ 10) American Standard: Manufactur-
| ing Standards Applying to Broad-
LABORATORY INSTRUMENTS cast Receivers ..................... $0.20
| (ASA CI63-1999). (16 pages,
Chicago Office Hollywood Office New York Office I Pri gt m:he.s')l 2
ALFRED CROSSLEY N. B. NEELY BRUCE O. BURLINGAME 5. s racti s, L Gseve o Ny
549 West Randolph Sueet 5334 Hollywood Boulevard ASSOCIATES | ;‘3“;1;3: Include remittance with order and
Chicago, lllinois Hollywood, California 69 Murray St., New York City, N.Y |
HEWLETT-PACKARD COMPANY RADIE INSTI S op
BOX 1356 STATION A - PALO ALTO, CALIFORNIA O ENGINEERS, Inc.
330 West 42nd Street, New York, N.Y.
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Sales Offices i.n At
principal Cities
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A Choice of
TERMINALS

Certain types of capacitors must withstand

special immersion tests required by Govern-
mental and other rigid specifications. For such
requirements Aerovox engineers have developed
the “double rubber bakelite” type of terminal
assembly. Designed to withstand all voltages
normally applied in radio and electronic work,
this terminal is available in three types:

(1) The terminal in Fig. 1 is Both terminals can be used

— SOLDERING
LUG

_PORCELAIN
-~ INSULATOR

CASE

a riveted stud-type terminal
with soldering lug held in po-
sition by a nut. The lug may
be turned any way most con-
venient for wiring purposes
without loosening the terminal
insulator assembly.

(2) The terminal and solder-
ing lug in Fig., 2 are per-
manently riveted to the case,
making a fixed riveted as-
sembly with the lug in per-
manent position. This terminal
assembly is preferred because
it is firm, comparatively inex-
nensive and quickly manufac-
tured.

for voltages up to und includ-
ing 1000v. D.C. Working.

(3) For higher voltage appli-
cations, the terminal in Figure
3 and slight variations there-
of is supplied on all Aerovox
Type 09 capacitors up to and
including 3000 volts D.C.W.
This is the double rubber bake-
lite construction combined with
porcelain pillar insulator. The
terminal shown at the extreme
right in the picture above is
also immersion-proof, for 4000
to 7500.volt Type 09 units.

In the matter of terminals, as in every other
detail, Aerovox capacitors are fitted to the ap-
plication. State your exact requirements. Our
engineers will do the fitting. Literature on

request.
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PAPER CAPACITORS - af their best!

Solar experience plays a vital part in the production
of completely dependable paper capacitors for the

Armed Service Branches of our Government.

Consult Solar for prompt solution
of your paper capacitor problems

e

SOLAR MFG.CORP. . . . BAYONNE, N. J.

SOLAB

““QUALITY ABOVE ALL"

CAPACITORS

xvi
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Booklets,
and

The following commercial
received by

REFERENCE GUIDE TO UL-
TRA HIGH FREQUENCIES- - -
Zenith Radio Corp., 620 N. Michi-
gan Ave., Chicago, Ill. (Booklet,
56 pages, 6 X9 inches.) A useful
reference list of published infor-
mation on ultra high frequency,
compiled by E. Kelsey, associate
member of I.R.E. Requests for
copies will be granted to I.R.E.
members if addressed to: E. Kelsey
at Zenith Radio Corp.

RELAY TIMERS: - - (Struthers
Dunn, Inc., 1321 Arch St., Phila-
delphia, Pa. (Catalog F, 48 pages,
83X 11 inches.) This “Dunco”
catalog is designed to serve as a
guide for relay selection and use.
Classihcation of every type of re-
lay has been worked out and sim-
plified. Illustrations are excellent
and specifications complete.

GRAPHIC INSTRUMENTS: - -
T'he Esterline-Angus Company,
Inc., Indianapolis, Ind. (Bulletin
Number 1241 “The Graphic,”
4 pages, 83X 11 inches.) Treats
new uses and applications for
graphic instruments. Ilustrated.

RESISTORS - + - Lectrohm, Inc.,
Cicero, Illinois. (Bulletin Number
98, 8 pages, 83X 11 inches.) De-
scribes Lectrohm vitreous enamel
resistors, fixed and variable; “Rib
on-edge” and Ferrule Terminal
tvpes; also chokes and brackets.
Mlustrated and full specifications
given.

PILOTRON SPECIFICATIONS
* > +General Electric Company,
Schenectady, N. Y. (Pamphlet,
10 pages, 8X10} inches, ring
punched.) Complete descriptions
and ratings for three-electrode
tubes, water cooled, vacuum, high
frequency and power. Gives char-
acteristic charts.

September, 1942




Catalogs [0
Pamphlets 7

literature has been
the Institute.

Accurate Resistors
. Bulletin “F"'

INDUSTRIAL ELECTRONIC
TUBES"* « - General Electric Com-
pany, Schenectady, N. Y. (Pamph-
let, 4 pages, 9X12 inches.) This
folder spreads open to make a
quick selection chart listing G. E.
electronic tubes for industrial use.
Gives tables of specifications and
prices.

HEAT TRANSFER THROUGH
METALLIC WALLS: ««The In-
ternational Nickel Co., 67 Wall St.,
New York, N. Y. (Booklet, 24
pages, 83 X 11 inches.) This book-
let charts and gives the formulas
for heat conductivity of various
metals including thickness, tem-
perature and time factors.

Quah‘l); Silver Contact.
Switchos~—Bulletin “C"” .~

RECEIVING TUBES--:RCA
Manufacturing Co., Inc., Harrison,
N. J. (Catalog, 16 pages, 83X11
inches.) The RCA Receiving Tube
booklet contains three charts.
Chart 1 classifies RCA Receiving
Tubes according to their cathode - P 4
voltages and function. Chart 11 Cumg:,,::,::;,’.'w
gives characteristics of each of 329 )

receiving types arranged in numer-
ical-alphabetical sequence. Chart
111 includes information on certain

e, SOSCNST Ny

tubes closely allied to receiving \ Our present activities are 100% War-
tubes but customarily tabulated | BEASS Time-Work .. . if your victory contri-
sepatacdly dad fdentibed; as “sps ' bution involves switches, resistors
cial purpose.” These tubes are Ay . . ..

particularly of interest for applica- or electrical measuring or testing In-
tions involving special perform- struments perhaps we can help you.

ance requirements. S Please address Dept. No. 23.

RCA GUIDE FOR TRANSMIT-
TING TUBES: « - RCA Manufac-
turing Co., Inc., Camden, N. J.
(Book, 76 pages, 83X 11 inches.)
This is the 1942 edition of the 1941
Guide with a new special reference
chart on air cooled and water

HALLCROSS MFG. CO.

many other revisions. Three parts COLLINGD ALE ’ PENNA.

cover: 1—Transmitting Tube |
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ARMY
SIGNAL CORPS
SPECIFICATIONS

¢ Also PL—PLP—PLQ
and PLS Plugs

* M Type Connectors

* M Type Caps

* FT Type Fittings

Quantity Prices Quoted
on receipt of Delivery
Schedules

Manufacturets of Communication Equipment
SINCE 1978

REMLER COMPANY, Ltd. - 2101 Bryant St. - San Francisco, Calif.

XX

Data, 37 pages; I1—Transmitting
Circuit Facts, 6 pages; and I11—
Transmitter  Construction, 20
pages. Price $0.35. Really a re-
markably fine guide.

CURRENT FLOW TEST SETS
* * *Shallcross Manufacturing Co.,
Collingdale, Pa. (Bulletin “E,” 4
pages, 83 X 11 inches.) Describes
two Shallcross instruments that
greatly facilitate the testing and
adjustment of relays. One is quite
comprehensive in its scope of oper-
ation while the other takes care of
a small scope of requirements.
Nustrated, gives prices and specifi-
cations.

OIL-FILLED PAPER CAPAC-
ITORS: « -Solar  Manufacturing
Corp. Bayonne, N. J. (Part of
catalog 12, section C. 6 pages,
83X 11 inches.) These are special
data pages on oil-impregnated and
oil-filled paper capacitors in metal
tubes, of interest for their com-
pactness and stamina.

AUTOMATIC FREQUENCY
RESPONSE RECORDER - -+
Sound Apparatus Co., 150 West
46th  Street, New York, N. V.
(Pamphlet, “Sound Advances,”
4 pages, 85X 11 inches.) Concise
and useful description of this
equipment,

RADIO INTERFERENCE
ELIMINATION MANUAL::
Sprague  Products Co., North
Adams, Mass. This is the 1942 edi-
tion of the manual for radio engi-
neers and service men on locating
and filtering out interference noise.
Well illustrated and specifications
given for proper filters to correct
noise conditions from such sources
as fluorescent ﬁxturcs, motors,
D.C. generators, switches, thermo-
stats, etc.

Manufacturers’
House Publications

THE AEROVOX RESEARCH

WORKER - - - 4erovox Corp., New

Bedford, Mass. (4 page issucs,
(Continued on page xxil)

Proceedings of the 1. R. E. September, 1942
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MEMBERSHIP
EMBLEMS

The IL.R.E. emblem is available to
members in 3 useful forms: the
lapel button, the pin, and the watch
charm. Each is of 14-karat gold,

enameled in color to designate the

grade of membership.

Grade Background Color
Fellow Gold
Member Blue
Associate Maroon
Junior White
Student Green

LAPEL BUTTON—$2.75
Supplied with a screw

& back having jaws which
grip the cloth of the coat.

PIN—$3.00

Al

WATCH CHARM—$5.00

Enameled on both
sides and equipped with
a suspension ring for
attaching to a watch
charm or fob.

Provided with a safety
catch.

Prices on emblems are
the same for all grades of
membership and include
tax, postage and insurance
or registered-mail fee.

* Remittance should accompany your order

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

Proceedings of the I, R. E. September, 1912

SPEEDS PRODUCTION
LOWERS COSTS
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R KOOLOH &

RESISTORS

Free You From

MOUNTING
Limitations

The unique construction of Koolohm
resistors allows them to be mounted
directly to {and flat against} metal or
grounded parts with complete resistor
circuit insulation. This offers a flexibility
in designing and manufacturing that is

invaluable under today's changed —

and changing — conditions.

Koolohms are doubly profected. The wire ifself
is insulated before being wound AND — all fypes
are sealed in sturdy, chip-proof, ceramic or
fempered shock-proof glass casings.

Therefore, they operate safely and dependably
even when mounted dlrectly o grounded parts
with the simple attachments illustrated above.
All of these methods of mounfing are foday being
used by prime- and sub-cantractors who are meel-
ing exacting specifications with Koolohms.

SEND TODAY FOR CATALOG

SPRAGUE SPECIALTIES COMPANY

(Resistor Division) North Adams, Mass.

Koolohms are the only resistors made with wire
ceramic-insulated before winding. Gives you high-
resistance, high-power resistors — meter multipliers
— ferrule type resistors thal withstand the most
severe salt water immersion fests— non-indudtive re-
sistors — answers practically every resistance problem.

KOOLOHM SINGLE-LAYER WINDING

Koolohm wire, ceramic-in-
sulated belore winding, can
be wound with each turn
tightly against the next. In-
sulation protects from shorts
or changed values.

Koolohm wire can be wound
in high density patterned
windings giving equivalent
of many layers of winding
without high potential gra-
dients.

VUV

\'{‘ﬁ“ [
AIATATA

SECTION WITH CERAMIC
INSULATION REMOVED

Ceramic insulation now
usod exclusively on Kool-
ohm wire is heat-proof —
rovides
umldity

molsture - proof —
the ultimate in
protection.

KOOLOHM NON-INDUCTIVE RESISTORS

SPRAGUE KOOLOHMS

—THE ONLY RESISTORS WOUND WITH CERAMIC-INSULATED WIRE




You would be delightfully amazed to know, were
we privileged to tell, the endless war applications
for "TOPHET"* and other Wilbur B. Driver Com-
pany special alloys.t Here too their dependabil-
ity and performance are outstanding. Consult with
us for your electrical and heat-resisting alloy
requirements.

tAvailable in rod, wire, ribbon, and strip—both hot and cold rolled.

WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY

Manufacturers of “TOPHET'"'* the Nickel-Chrome Resistance Wire

demanding
HIGHEST
QUALITY!

NEW YORK TRANSFORMER CO.

26 WAVERLY PLACE, NEW YORK, N. Y.

XX

(Continued from page xx)

81 X 11 inches.) “Transformerless
Power Supplies.” Part [—Febru-
ary, 1942; Part I1—N>\larch, 1942,
“Transmitter Bias Supplies”
April, 1942,

THE CAPACITOR=*«+ Cornell-
Dubilier Corp., Ilamilton Boule-
vard, South Plainfield, N. J. (16
pages, 55X 73 inches.) Articles on
“Solving Shortage Problems in
Oscillator Circuits” and on “Serv-
icing AC-DC Compacts.”

THE GENERAL RADIO EX.
PERIMENTER® « -General Ra-
dio Co., 30 State St., Cambridge,
Mass. (8 pages, 6 X9 inches.) July,
1942 has articles on “Bringing the
Beat Oscillator Up-to-Date” and
“Recent Priority Orders of Inter-
est to Buyers of G. R. Equip-
ment.”

SYLVANIA NEWS:- - - Sylvania
Electric Products, Inc., Emporia,
Pa. (8 pages, 93X12} inches.)
July, 1942 reports change of Hy-
grade Sylvania Corporation name
to Sylvania Electric Products, Inc.
Technical Section describes opera-
tion and service of “The Solovox,”
made by Hammond Organ Com-
pany.

Current
Literature

New books of interest to engi-
neers in radio and allied fields

from the publishers’ announce-
ments. A copy of each book
marked with an asterisk (*) has
been submitted to the Editors for
possible review in a future issue
of the Proceedings of the I.R.E.

DEFINITIONS OF ELECTRI-
CAL TERNMIS- « - American Insti-
tute of Electrical Engineers. (300
pages, 8 X 11 inches, bound in dark
blue fabricoid.) Approved Ameri-
can Standard, August 12, 1941,
Approved Canadian Standard,
March 2, 1942. An invaluable aid
for engincers, scientists and tech-
nicians. $1.00 in U.S.A. $1.25
(U.S.A. Currency) elsewhere.

NEW RADIO STANDARDS: + +
Institute of Radio Engineers, 330
Proceedings of the I. R. E. September, 1942




West 42nd St., New York, N. Y.
(Distributed July, 1942 to I.R.E.
members.) Standards on Radio
Wave Propagation: Definition of
Terms, 1942. Price $0.20. Stand-
ards on Radio Wave Propagation:
Measuring Methods, 1942. Price
$0.50. Standards on Facsimile:
Definition of Terms, 1942. Price
$0.20.

TABLE OF SINE AND COSINE
INTEGRALS FOR ARGU-
MENTS FROM 10 TO 100- - -
National Bureau of Siandards,
Washington, D. C. (189 pages,
bound in buckram.) Prepared by
the Federal Works Agency, W.P.A.
under sponsorship of the bureau
and is a sequel to “Table of Sine,
Cosine and Exponent Integrals,”
Vol. I1. Price $2.00.

RADIO COMMUNICATION
SERIES. Edited by Beverly Dud-
ley, Acting Manager “Electron-
ics”* « * McGraw-I1ill Book Com-
pany, Inc., 330 West 42nd Streel,
New York, N. Y. Designed to pro-
vide a well coordinated program
of texts covering various special-
ized branches of communication
developed in the last two decades.
First book, ready in September
“Frequency Modulation” by Aug-
ust Hund. Not yet priced

*RADIO CODE MANUAL. By
Arthur R. Nilson, Chief Instruc-
tor, Nilson Radio School, New
York City:* * - McGraw-1Iill Book
Company, Inc., 330 West 42nd St.,
New York, N. Y. xii4174 pages,
illustrated, 5X 75 inches. This is a
spiral bound text of 20 lessons on
the radio code and sclected proj-
ects on code-learning cquipment,
It gives a complete course for self-
study and classroom use, particu-
larly designed for the training of
military radio operators. [t has a
chapter devoted to “Setting Up
and Running a Radio Class” and
a question and answer chapter on
obtaining a restricted radiotele-
phone operator's permit. Cloth.
$2.00.

*ACOUSTICS OF MUSIC. By
Wilmer 1. Bartholomew, Instruc-
tor in Pcabody Conservatory of
Music. New York: * * Prenisce-
(Continued on page xxut)
Proceedings of the I. R. E.

SHURE BROTHERS

Designeraand Manufactuecesnf M icrophones and Acoustic Devices E
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A typical response curve of a
Carbon-type Speech Microphone

CGHE CLEAR, knife-like reproduction of voice in
the communication systems of planes and tanks is vitally
important. Speech Microphones must be designed for maxi-
mum intelligibility in spite of the noise of plane motors,
rumbling tank treads or firing guns. These tank and plane
noises occur in the low frequeney range mostly below 1,000
cycles per second. However, 85% of the intelligibility of
speech is carried by frequencies above 1,000 cycles. By scien-
tifically attenuating the low frequencies and accentuating the
high frequencies in the Microphone, the voice can be repro-
duced louder and clearer. In this manner, the transmitter is
modulated by the sounds which most contribute toward
transmission of intelligence and the carrying power of speech
is greatly increased.

In addition, a specially designed mouthpicce tends
to avoid the entrance of undesired noises.

This is how a Communications Microphone is
designed to function in the din of battle . . . a battle in which
I-ngineering plays a decisive role and Shure Brothers are
proud of their contribution!

w

Shure Cardioid Communications Micro-

phones are the only Microphones that
combine the Cardioid pick-up pattern
with special voice response. For further
information regarding these and other

Shure Communications Microphones,
WRITE FOR CATALOG 154P
Sy

\
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DESTINATION
UNDISCLOSED...

TWely-l o hundred pounds of

Constant Yoltage

Somewhere on the industrial
firing line this huge, 3-phase,
unitis takingits place with the
thousands of other Sola Con-
stant Voltage Transformers
thatarerendering distinguish-
ed service in winning the all

important battle of production.

Day and night, without
manual control or supervision,
Sola Constant Voltage units
are transforming the unreli-

ablevoltages of heavily loaded
supply lines into perfectly
regulated power—on the pro-
duction line, in the laboratory
or in the field—protecting
vital precision machines and
instruments against line
surges or loes of efficiency.

We have helped hundreds
of industrial plants solve their
most perplexing pfoblems. We
can help you solve yours.

Write for Bulletin KCV-74

SOLA ELECTRIC COMPANY

2525 CLYBOURN AVENUE, CHICAGO, 1ILlL

RADIO TESTERS

Only testers with transmitter and
receiver experience considered.

MECHANICAL ASSEMBLERS
WIREMEN

Transmitter receiver experience required.

TOOL ROOM WORKERS

All types skilled craftsmen desired.

ELECTRICAL ENGINEERS

with background of either vacuum tubes or
television or communications

WILL CONSIDER RECENT GRADUATES

U. S. Citizens. Apply

INTERNATIONAL
Telephone & Radio Mfg. Co.
1000 Passaic Ave., East Newark, N.J.

Those now employed on war work
will not be considered.

POSITIONS OPEN

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

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

NOTICE TO APPLICANTS

All men having employment records on
| file at Institute headquarters are requested
[ to notify us immediately of their con.
| tinued availability and at least every three

months thereafter. Failure to receive noti-
fication will void application, as we are
endeavoring to keep accurate files of only
those men still available for placement.

ILR.E. ASSISTANT SECRETARY

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

TRANSMITTER ENGINEER

Radio engineer for low-powered trans.
mitter development and design; experi-
enced in high- and ultra-high-frequency
amplitude-modulated and frequency-modu-
lated applications. Permanent position.
Write stating full qualifications to Trans-
mitters Engineering Department, The
Hammarlund Manufacturing Company,
Inc., 460 West 34 Street, New York, N.Y.

CRYSTAL ENGINEERS

A New England organization requires
the services of a highly experienced engi-
neer on finishing and calibrating quartz
crystals. Also neced several assistants. Box

| 272,

YOUNG ELECTRICAL ENGINEER

Wanted by a Chicago manufacturer now
engaged wholly in engineering and manu-
facturing of military material. Work at
start will be experimental and consist of
clectrical, electronic, and magnetic meas-
urements, A good knowledge of funda-
mentals is essential. Address a report of
your training and experience to Box 273.

COMMUNICATIONS TEACHER

A prominent eastern University wishes
to employ a man to head up the Com-
munications Division in the Electrical En-
gineering Department. This would include
all the work given in the junior and senior
years in wire and wireless communications.
He would have charge of the laboratory
work. The position is a permanent one.
Additional information can be obtained
and all communication should be sent to
Box 274,

]
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NAVY LABORATORY

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

! RADAR LABORATORY
r

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

Salaries range from $2000 to $3200 and
up.
| Draftsmen, Engineering Aides, Elec
tricians, and Radio Mechanics also are
wanted.

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

@ Aviation Mechanic Zadik Collier
talking over Harvey equipment to
one of the Byrd Antarctic Expedi-
tion planes. East Base — 1939.

anMbldémﬂéx/ﬂa

= Ay
RADIO TECHNICIANS
WIREMEN
COIL WINDERS
ASSEMBLERS

‘ An outstanding opportunity for Radio Technicians, Wire-

CIVILIAN ORDNANCE ENGINEERS

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

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

needed.
An unusual opportunity.as the work is

among men proven leaders in their respec- ‘
tive fields wbo have been loaned to the ‘
Navy by their civilian employers, and ex- \
|
|

cellence of war-time work will certainly
receive recognition in peacetime industry.

Only American citizens can be consid-
ered. Apply by letter~—stating full experi-

4

16

ence, and q tions to Robert
F. Moore, Naval Ordnance Laboratory,
Washington, D.C.

men, Coil Winders and Assemblers with experience on air-
craft receivers, transmitters, and electronic equipment in an
} organization with large war orders as well as post war plans.
Plant located in the east.

| Attention Employers . . . | |

Write giving full personal history, experience and present
Announcements for ‘’Positions Open' are l . : s 3

accepted without charge from employers salary ; personal interview will be arranged later. We do not
offering salaried employment of engineer-
ing grade to I.R.E. members. Please supply [
complete information and indicate which

desire applications from men in key defense positions.

l‘ details should be treated as confidential. Please reply to:
Address: “POSITIONS OPEN,” Institute Box 275
of Radio Engineers, 330 West 42nd Street, l
At New York, N.Y. l Institute of Radio Engineers
F The Institute reserves the right to refuse any 330 West 42nd St'
announcement without giving a reason for New York
the refusal.

_ — —
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Continued from page xxiii)

Hall, Inc., 1942. xvi+238+44 index

pages, illustrated, 6X9 inches.
Cloth. $3.00.
*PRINCIPLES OF RADIO

(Fourth Edition). By Keith Hen-
ney, Editor, ““Electronics,” Mem-
ber, Institue of Radio Engineers
« e John Wiley & Sons, Inc., 440
Fourth Avenue, New York, N. Y.
xii +549 pages, illustrated, 53X 8
inches. This 1s a “standard text”
on radio, revised to date for use in
U. S. Signal Corps courses as
chosen by the U. S. Office of Edu-
cation. Cloth. $3.50.

*RADIO AND ENGLISH
TEACHING. Edited by Max ]J.
Herzberg. Sponsored by the Na-
tional Council of Teachers of
English and entitled “English
Monograph No. 147 - -D. Apple-
ton-Century Company, 35 W. 32nd
St., New York, N. Y. wiii+246
pages, 6}X9} inches. Discusses
the experiences, problems and pro-
cedures in teaching English by
radio. Cloth. $2.00.

*A GRAPHIC TABLE COM-
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BINING LOGARITHMS AND
ANTILOGARITHMS. By Adrien
Lacroix and Charles L. Ragot* * -
Maclillan  Company, 60 Fifth
Avenue, New York, N. Y. Orig-
inally published in  September,
1925, reprinted May, 1942, vi+4+40
pages, 7X 10 inches. 40 pages de-
voted to a five-place graphic table.
Cloth. $1.60.

*FUNDAMENTALS OF RA-
DIO. By Edward C. Jordan, In-
structor in Electrical Engineering,
Ohio State Universitv; Paul H.
Nelson, Assistant Professor of
Electrical Engineering, Univer-
sity of Connecticut; William Carl
Osterbrock, Professor of Electrical
Engineering, University of Cin-
cinnati; Fred . Pumphrey, Pro:
fessor of Electrical Engineering,
Rutgers University; Lvnne C.
Smeby, Director of Engineering
for the National Association of
Broadcasters- + * Prentice-11all
Inc., 70 Fifth Avenue, New York,
N. Y. xiii4+400 pages, 6}X%9!1
inches, illustrated, includes three

unfolding circuit diagrams. Cloth.
$5.00.

Binders

for the Proceedings
Protect your file

of copies against

damage and loss

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

Available for both the old, small
size, PROCEEDINGS or the new, large size
(1939 10 date).

==
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} TTCREDNG
| ﬁ [PROCEE==
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Price: 81.50

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

vour name stamped in gold for 50 cents
additional.

Remittance should accompany
your order

THE INSTITUTE OF
RADIO ENGINEERS, INC.
330 West 42nd Street,
New York, N.Y.
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DEATH before DISHONOR

Observation of the stress points on glass bead
seals around vacuum tube leads is made with
this device. Close-up photo above shows the ac-
tual view of a faulty lead. Note the change in
polarized light creating distorted shadows
which show up stress and strain in beads. Such
strain sometimes occurs where metal and glass
are sealed together.

Inspecting the entire glass bulb with the help of
a polarized light. This device shows up stress
and strain on the glass which might be created
during the shaping operations.

Casual observation of a vacuum tube does not reveal its flaws.
That’s why Eimac engineers have developed many devices for the
purpose of exposing even slight weaknesses in construction. The
above is not a dungeon window, but a close-up photo of a faulty
bead on a filament stem as viewed through a special bead testing
device. Needless to say, this stem will

never reach final assembly . . . better

"“death before dishonor” to the Eimac

tradition of dependability.

Such care in production plus constant
research into the phenomenon of the
electron tube assures you of the utmost
in performance from every Eimac tube
- .. provides the answer to why Eimac
tubes are first choice by most of the lead-
ing engineers throughout the world.

Export e Agents :
FRAZAR & €O., LTD., 301 Clay St.
San Francisco, California, U. S. A,

Follow the leaders to

Mfg. by Eitel- McCullough, Inc., San Bruno, California, U. S. A.




M ORE

C-D’s SERVE

with the “SUB-BUSTERS” |

TODAY'S ¢-D Capacitors Speed Victory . . .
TOMORROW'S ¢-p Capacitors assure more hours of use per

dollar for American industry . . .

Day in, day out, Navy blimps patrol
our coastal sea lanes. When a sub is
sighted, a flash brings a tough "sub-
buster” to track the enemy down.
Teamwork of blimps and boats, of
men and equipment, is winning the
battle of the Eastern Seaboard. Here,
as with a hundred other electrical and
electronic devices on vital war duty,
C-D capacitors are meeting the enemy
challenge with the finer performance

assured by 32 years’ concentration on
the building of superior capacitors.
Today, war-spurred “impossible”
improvements and applications prom-
ise measureless peacetime benefits;
giving a new meaning to C-D’s well-
known pledge to industry of “more
hours of capacitor use per dollar”.
Cornell-Dubilier Electric Corporation,
South Plainfield, New Jersey; New
England Div.: New Bedford, Mass.

Cornell Dubilier Capacitors

IN USE

/

Special Mica Transmitter Capacitors
copied o imitated o but never duplicated

Type 21 dual-section mica capacitors are
designed for filament by-pass applications
in broadcast transmitters. They are en-
cased in aluminum castings and permit
mounting close to the filament terminals
of power tubes. Compound filled, the
type 21 mica capacitors have low induc-
tance characteristics — thus affording ex-
cellent by-pass of r.f. current from fila-
ment leads to grounds.

Described in Catalog No. 160T free
on request,

e Il

/

TODAY THAN ANY OTHER MAKE




Capacitance |
Standards

General Radio air and mica condensers are widely used as stand-
ards of capacitance. For this reason, the General Radio Company
maintains a careful supervision of the calibration standards in its
own standardizing laboratory. These fixed standards cover a
range of capacitance from 1000 yuf to 1 uf in values of 1, 2 and

5 for each decade.

These standards are kept in a temperature-controlled room. A
complete intercomparison of units to detect drift of one unit rela-
tive to the others is made at least twice a year; additional mecas-
urements of selected groups are made more frequently. To detect
drifts of the system as a whole, a complete set of mica standards
is checked once in two years by the National Bureau of Stand-
ards, and any necessary corrections in the recorded capacitance
values are made. Discrepancies are seldom as great as 0.02%.
This capacitance standardization system is, therefore, internally

consistent at all times t0 0.029%, or better.

The guaranteed accuracy of commercial standards calibrated in
the General Radio laboratories is limited to 0.19, for capacitance,
which is the accuracy to which the National Bureau of Standards

certifies capacitance calibrations.

GENERAL RADIO COMPANY

Cambridge,

Massachusetts



