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Diplex*

P. J. NOIZEUX{, ASSOCIATE, LR.E., H. KRAHENBUHLY, ASSOCIATE, I.R.E.,
AND B. NOVIKSft, ASSOCIATE, L.R.E.

Summary—The communications companies are often faced with
the problem of increasing their facilities and occupying more efficiently
existing channels, usually by the installation of new transmitters.

To lake advaniage of existing equipment, use has been made of
diplex (two messages in one direction), employing one (ransmiller
whose oulpul was commutaled from one frequency to another at a
rhythm superior to the keying rhythm.

The various radio-frequency components of modulated signals
create a frequency-diversity effect at the receiver which attenuates
somewhat the random effect of fading.

A particular way of swilching is described, taking place when
aerial current is zero, thus avoiding excessive sidebands due to abrupt
wave front.

In the “synchronous” version, the keying is delayed, and stored
for a fraction of a cycle of the modulating frequency, then released at the
beginning of the next cycle. The rise and fall of the keying is then sub-
stantially sinusoidal and sidebands reduced.

The original diplex system used by Transradio since 1937 was
later improved to decrease the bandwidth; several units of the improved
diplex are now in common use.

It must be emphasized that no synchronism is required at both
ends, neither keying speed bears any relation to the diplexing fre-
quency.

transmitting two messages simultaneously with

only one transmitting equipment has been de-
veloped by Transradio Internacional of Argentina.
This arrangement has been in service continuously
since 1937! and may be considered today as a reliable
and convenient multiplex system.

The diplex system consists, in principle, of a means
to commutate rapidly the transmitter from one output
frequency to another. The commutation must be
effected at a rhythm higher than the keying fre-
quency, so that cach emitted telegraphic dot contains
several wave trains. In practice, the commutation is
effected at the rate of 250 per sccond. Since telegraphic
keying is generally less than 50 per second, each tele-
graphic dot will always contain at least 5§ wave trains.
The commutation is applied at a low level, i.c., in a
buffer stage following the crystal oscillator. The two
output frequencies must be sufficiently close together
to be amplified equally in the subsequent stages‘f the
transmitter. All of the transmitter stages are adjusted
for the usual class C operation.

The output of a single transmitter is switched alter-
nately to emissions on two distinct frequencies, for
instance, LOB 17,690 kilocycles and LQC 17,600
kilocycles. Each one of these emissions can be keyed
at any desired speed independently of the other.
No spccial apparatus is required at the receiving end,
since synchronization between transmitter and re-
cciver, such as occurs in multiplex systems based on
time division is not required. In fact, the correspondent

f_\\ RELATIVELY simple diplex arrangement for

* Decimal classification: R460. Original manuscript received
by the Institute, April 16, 1941. PPublished in Revista Telegrafica,
vol. 28, pp. 17-22, January, 1940.

t Transradio Internacional, Buenos Aires, Argentina.

! The authors had no knowledge at that time of a paper on the
same subject by A. J. A. Gracie, P. O. Tech. Jour., April, 1937.
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is not aware that he isreceiving a diplexed transmission.
He will only observe a deep modulation of the inter-
rupted-continuous-wave type. However, by tuning
over the frequency band with a receiver, a diplex is
casily distinguishable. Two transmissions separated by
some 30 kilocycles are heard, both having the same
intensity and the same characteristic modulation.

At the beginning and end of every commutation
cycle, 250 per second, a click is produced, due to the
abrupt signal front. This front contains numerous
harmonics of low frequency; forming sidebands around
the carrier and producing a “broad signal,” like the
old spark transmitters (see the Appendix and Fig. 13).

This defect of the first type of diplex has been cor-
rected, as will be explained below, to fulfill the require-
ments of the international rules with regard to the
width of the occupied channel.

It is evident that the energy emitted on each one of
the frequencies, and integrated in a telegraph signal,
is half what could be emitted with a pure wave on a
single frequency, which could result in a decrease of the
possible speed of transmission. The same conditions
prevail in the case of ordinary interrupted-continuous-
wave transmission. In practice, no such decrease takes
place, as (when a single receiver is used) modulated
signals produce a kind of frequency diversity which
counterbalances, in some manner, for the random
effect of fading. This diversity effect compensates
largely for the reduction of energy and, in practice,
diminution of the spced of transmission has not been

’i‘ A c
2 AMPLIFIER |

TRANSMITTER

~

Fig. 1—Mecchanical analogy of diplex system. A rotating com-
mutator connects alternatively both oscillators to the trans-
mitter. Each one can be keyed independently.

noted. Even if the decrease of telegraphic speed should
amount to 50 per cent, the diplex system would still
be desirable, since it takes the place of two transmitters
and allows the transmission of two simultaneous mes-
sages, directed to two different correspondents, inde-
pendently.

This diplex system may be considered as a particular
case of combined frequency and amplitude modula-
tion. The commutation from one frequency to another
is frequency modulation and the telegraphic keying

609
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between zero and the maximum is amplitude modula-
tion.

In the mechanical representation of Fig. 1, two
oscillators, represented schematically by two crystals
A and B are connected alternately to the transmitter
through a rotary commutator.

Fig. 3—Oscilloscope pat-
tern of aerial current
one channel.

Fig. 2—Oscilloscope pat-
tern of commutating
voltage.

Each frequency is emitted only as the key is closed
and only while the commutator allows it. When both
keys are closed, both frequencies are emitted alter-
nately, being commutated at the rhythm of rotation of
the commutator. In the working model, electronic
commutation is, of course, used instead of the me-
chanical type shown.

The over-all tuning curve of the transmitter has to
be checked in order to locate the two frequencies to be
used within adequate amplitude limits, so as to avoid
parasitics due to lack of excitation. A separation of the
order of 30 kilocycles has been chosen as a compromise.

The diplex high-frequency unit which excites the
common power amplifier is composed of two identical
exciters adjusted to the chosen radio frequencies. Each
exciter contains a quartz oscillator and two buffers, the
second buffer being controlled by keying and diplex
commutation. The output of both exciters is then
applied in parallel to the power stages.

To obtain the required abrupt front of commutation
a sinusoidal wave is transformed to a square wave
applying then one-half cycle (i.e., positive) to block
channel 4 and the other half cycle (i.e., negative) to
block channel B. Keying is applied independently to
each channel as shown in Fig. 2.

‘Upon pressing down the key of channel 4, a scrics
of dots, separated by spaces equal to their length, is
emitted at the commutation fre-

quency. See Fig. 3. Tunine |
Upon pressing down also the M -53:3-

key of channel B, the empty spaces

between dots are filled up, leaving l,.:‘;:','oﬂ

t

. . A
only small intervals which corre- A Lm/i“l""

spond to the “shoulder” of the com- . ;
mutating wave form as shown in [;’;E{-::]
Flg. 4 Thisemallintervalic apto- 7

tection against mixing of the two [’3,‘11'2'7]
B, A

-]

A

channels.

Since the main trouble is the ex-
aggerated width of each channel,
several ways to reduce the side-

Proceedings of the 1.R.I.
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Fig. 6—A. Block diagram of synchronous diplex.

December

bands were tried, substituting the square dot and its
abrupt front by a smoothly rising and decaying dot,
following, if possible, a sinusoidal law.

1t was observed that when slightly overmodulating
a carrier by a sinusoidal audio frequency small spaces
are obtained between each cycle. This envelope is
equivalent to that resulting from diplexing (Fig. 5)
when the two channels are on “dash,” but the squarc
front is substituted by a much smoother one. We then
can use a cycle for channel 4, the following for channe!
B, ctc., commutating them at the exact moment when the
amplitude is zero.

It is then deduced that the modulation frequency
should be double the commutating frequency, and,
morcover, to obtain perfect synchronism, the modula-
tion and commutating source should be the same.

K

Fig. S5—Oscilloscope pat-
tern of aerial current
corresponding to over
modulated carrier.

Fig. 4—Oscilloscope pat-
tern of aerial current,
both channels.

By means of a multivibrator the modulating fre-
quency is divided, obtaining the switching square-
wave frequency which will block with the positive
alternation, e.g., channel A, and the negative, channel
B. Fig. 6B shows that the commutating frequency
should be dephased, so that it coincides with the mini
mum modulation value and not with zero of the modu
lation frequency. This dephasing is effected before
applying the frequency to the square-wave generator.
The phase is properly adjusted, observing on an
oscilloscope the radio wave form, in such a way that
with the key pressed down on only one channel, there
appears a group of sinusoidal dots with a space between
them somewhat larger than the width of one of the
dots. If the dephasing is correct, the switching is ef-
fected exactly when the modulation is zero.

The analysis of the radio-frequency spectrum shows

mosarion revovracy |1 M f M
’ { A‘- 4 AJ
1{ . 1 AAVAR ANV
[ !
CavaitR NODULATEO M
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as the telegraphic relay
+ remains in the “spacing”
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Fig. 7—Synchronous keyer, 1939.

the great improvement obtained through reduction of
sidebands, the occupied channel being of reduced
width (see the Appendix and Fig. 14).

In this way the reduction of the channel width would
be effective, but for keying, which, when applied at
any moment of the modulation cycle, would produce
again the usual clicks.

As a matter of fact, upon pressing down the key
when this channel is in working position, an abrupt
front will be produced due to the sudden connection
during a moment of maximum value. On the other
hand, if the key is pressed down when the correspond-
ing channel is blocked, no output will be obtained until
it is switched on by the commutating process, the
amplitude rising smoothly, with no accompanying
click.

Taking advantage of this case, a device has been
introduced which insures that keying begins and
finishes only when the antenna current is zero. This
is equivalent to the synchronous keyer (Fig. 7) which
has been in operation on transmitter LSE/LSE2 since
1939, and whose mechanical analogy, shown in Fig. 8,
works as follows:

(a) The square wave of Fig. 2 is applied to the grids
of Vyand V, Both grids are cross-connected so
that short pulses appear in the plates of V, and
V,, as shown in Fig. 9.

(b) A telegraphic relay is connected in the plate
circuit of each valve (R, and R,). Both relays,
operated by telegraphic keying, are cross-con-
nected so that one is open when the other is
closed. Valve V, acts then on “spacing” and
V, on “marking.”

(c) Grids No. 1 of V3 and V, will then receive im-
pulses, alternately, at the rate of telegraphic
keying.

(d) Assuming that the telegraphic relays are in the

position.
(f) Assuming now that the
telegraphic relay is in the
“marking” position, the short impulses now
pass through V,, and V; is then blocked by the
front of the first “marking” impulse.

Y
é \ F AMPLIFIER |
TeansmitTee [
A

Fig. 8—Mechanical analogy of synchronous diplex.

The same process described above takes place,
and V, remains blocked as long as the relays re-
main in the “marking” position. The current
flows through R; during the entire marking pe-
riod. Valves V; and V; perform as “spacing”
valves and V, and V, as “marking” valves.

(g) Valve Vis a mixing valve, whose grid No. 1 is
controlled by the telegraphic keying and grid
No. 2 by the commutating square wave.

Fig. 9—Oscilloscope pattern of blocking impulses.

As the commutating square wave is derived from the
basic modulating frequency, and as the keying can
only begin and end during the impulses derived from

[——
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Fig. 10—Synchronous keyer, 1941,

the square wave, the beginning and end of every tele-
graph signal will always coincide with zero acrial
current. Every diplex dot will then rise and fall
smoothly, following a sinusocidal law.

2 l

1

ol —-l l ~
o 2w 3n

Fig. 11—Diplex wave form.

When everything is properly adjusted, and both
channels are on a long “marking” dash, the aerial
current is equivalent to a 100 per cent modulated
carrier. Nevertheless, the bandwidth required is some-
what wider than in the case of a modulated carrier, as
the sinusoidal diplex dots are separated by an interval
equal to their duration. However, the bandwidth is
very much narrower than in the case of the original
diplex, as shown in the mathematical treatment of
both (see the Appendix).

The synchronous diplex described above has been in
use in Buenos Aires since 1939, with good results. Its
design presented certain disadvantages, such as the
two mechanical keying relays which should work in
perfect synchronism, and also the difficulties inherent
to the direct-current amplifiers needing individual, un-
grounded plate supplies.

A new synchronous keyer has since been developed,

using clectronic commutation and keying, as shown
in Fig. 10. Instcad of impulses derived from the square
wave, a sinusoidal frequency is used throughout in
this synchronous keyer. Transformers 77, T, and T3
are fed from a common 500-cycle sinusoidal source,
properly phased, as explained above, so that the posi-
tive peaks coincide with the positive peaks of the
modulating frequency. Each transformer has two
opposite secondary windings, one for cach channel.

The keying voltage (marking + 50 volts, spacing — 50
volts) is applied to a 991 ncon tube (N,), whose negative
bias is such that it wili fire on the keying voltage differ-
ence. A positive voltage then appears across both poten-
tiometers R and Rs, which is applied to the grids of
Viand 17, respectively. Both valves are biased (about
70 volts) to neutralize in 17 the 500-cycle peaks during
“spacing” periods.

2N 3n

Fig. 12—Synchronous diplex wave form.

"

On “marking,” the voltage across R, wil] decrease
the bias on V), so that this will work only on positive
500-cycle peaks. These peaks, across the cathode re-
sistance Ry of 17 will then fire the 884 thyratron. The
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thyratron cathode resistance 0 ;
R, will supply the necessary :§
voltage to fire the 991 ncon § ~-10
tube N Across the load re- 3
sistor of N the “keying” volt- ;, g "2
age will remain constant until |3
the thyratron is extinguished. § § -30 1
This voltage was built up by ;
coincidence of the beginning of §|s -40 1
the keying signals with the first N N
peak of the 500 cycles in the §1§ -s0 1
synchronous keyer. SIS
On the other hand, 1y, | |
6l b1 4

whose cathode is highly nega-
tive to ground, shows an in-

crease of plate current during 0
“marking” periods, thus block- - W
ing 1. No 500-cycle current I _ g
flows through V3, so the thyra- ¥
tron is not affected. 3 -20 -
On “spacing,” V. grid bias E ¢
disappears, and consequently g § -30 1
1’; grid bias decreases. The §|§
500-cycle “peaks flow now :'é .40 -
through 13, and, due to the : «
common Ry plate resistor, the § § _50 |
voltage on the thyratron de- (3 [
creases, extinguishing it. 3 X [

i

31 20 " fa " 21 31 1

Fig. 13—Harmonic content of diplex wave.

The voltage across Ry then
disappears, coinciding with the
end of the keying signal and
the last peak of the 500 cycles in the synchronous
keyer. The voltage across Rie would vary in accordance
with the keying, but is further interrupted at the
diplex rate, both channels being alternately connected
to the transmitter control. This commutation is per-
formed by the diplexing valve V.

When the thyratron is fired, 500 cycles flow through
V, and so the 991 (NV;) is also fired, controlling a low-
power stage of the transmitter.

The 500 cycles applied to the grid of V4 is 180 de-
grees out of phase with that applied to the previous
grids of the synchronous keyer, so that diplex commu-
tation takes place during the no-signal period of the
transmitter.

As previously described, the second channel per-
forms alternately in the same manner as the first one.

Attention must be drawn to the fact that, using a
higher-order subharmonic of the modulating frequency
in the synchronous keyer, a number of channels
greater than two can be used.

lqlill

I
11

£

Fig. 14—Harmonic content of synchronous diplex wave.
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APPENDIX

The Fourier analysis of the square wave in the

original diplex system (Fig. 11) is as follows:

sin 3x  sinSx
e = 1+4/1r<sinx+

sin7x
+ +>
5 7

The sinusoidal dots of the synchronous diplex sys-
tem (Fig. 12) are expsessed by the following series:
1 8 /sinx sin3x sinSx sinT7x
A O e in )
2 r\ 3 3.5 5.21 7.45
Obviously, the harmonic content of the latter wave
is much lower than that of the first one, as shown in
Figs. 13 and 14, which demonstrate the calculated
values of the harmonics of the above series.




Distortion Tests by the Intermodulation Method”
JOHN K. HILLIARDY, MEMBER, LR.E.

Summary—Although the term “intermodulation” has been used for
a long time to describe a form of distortion, only recently has simplified
lesting equipment been made available which permils the commer-
cial testing of audio, radio, and general sound-recording equipment
by this method.

In this paper there is described a compact piece of apparatus
which is being used for routine maintenance lests on the sound recording
and reproducing systems. A comparison is made between the harmonic
and intermodulation ‘methods of making such tests to show the ad-
vanlage of the latter method. Circuits and descriptions of the apparatus
for generating and analyzing the intermodulation test tone needed in
making the tests are given,

Tests on radio lransmission systems, sound disk and film re-
cording apparatus, iron-core coupling devices, and general sound sys-
tems are described which show how the intermodulation method of
measuring distortion is in many cases @ more adequate indication
of equipment performance than other methods commonly used, as well
as being less laborsous.

tion-picture sound recording and reproduction,

attempts are constantly being made to interpret
and then to reduce or eliminate all types of distortion.
This paper will explain a type of distortion, known as
intermodulation,! describe equipnient to measure such
distortion, and outline tests which indicate the amount
of intermodulation which the ear can tolerate.

Sound originating from a single musical instrument
is usually harmonic in character and small relative
amplitude changes in the harmonic structure are not
easily detectable by ear. Hence, when such sounds are
transmitted through a nonlinear system (which may be
an amplifier or recording system), the resulting dis-
tortion will merely change the amplitude relations of
the harmonic content and if not too severe will not be
especially noticeable. However, where sound originates
from a group of sources such as dialog with musical in-
struments, bells, sound effects, etc., the resulting signal
consists of frequency components not necessarily har-
monically related. When such signals are transmitted
through a nonlinear system the resulting signal con-
tains many new frequency components not present in
the original signal. These new frequency components,
known as intermodulation products, extend through-
out the transmitted frequency band and are caused by
the intermodulating of the signal frequencies with each
other. Such a reproduced signal may be disagreeably
harsh in quality and is usually easily detectable by the
ear. It is not unusual to note in listening to sound pro-
grams that a clear quality is obtained when the sound
originates from a single instrument but becomes harsh
when more complex sounds are added.

J:[N RADIO transmission and reception and in mo-

* Decimal classification: R148.1XR270. Original manuscript
received by the Institute, March 27, 1941; revised manuscript re-
ceived, July 29, 1941. ) .

’ t Metro-Goldwyn-Mayer Pictures, Culver City, California.

1 The 1.R.E. Standards on Radio Receivers, 1938, page 5, 3R7
defines intermodulation as follows: Intermodulation is the produc-
tion, in a nonlinear circuit element, of frequencies corresponding to
the sums and differences of the fundamentals and harmonics of two
or more frequencies which are transmitted through that element.
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For the past several ycars the harmonic-analysis
method has been used to make distortion measure-
ments on amplifiers, transmitting equipment, and re-
cording equipment, etc. For this method a single fixed-
frequency tone comparatively free of harmonics is
“sent” into the apparatus under test. The output from
this apparatus is then directed to a suitable harmonic
analyzer-and the amplitude of each harmonic present
relative to the fundamental, determined. The per cent
harmonics for the equipment under test is then deter-
mined in the usual manner from these data.

In making these harmonic-analysis tests on audio-
frequency equipment there has been a tendency, some-
what augmented by necessity, to use a low-frequency
test tone (in most cases 400 cycles per second) in order
that a large number of the harmonics produced will lie
within the transmission band and hence be available
for mecasurement. As a result the equipment is not
tested for distortion of the higher frequencies. In some
cases this is not necessary as the low-frequency meas-
urement is a satisfactory indication of the equipment’s
total performance. However, under certain conditions,
distortion at high frequencies exists and although the
resulting high-frequency harmonic components of the
signal may not be important since they are inaudible,
intermodulation products are produced and these
must be considered as they may lie anywhere within
the transmission band.

The intermodulation method of measuring distortion
has, in many cases, certain inherent advantages over
the harmonic-analysis method. Both methods, of
course, make use of pure tones for measuring; the one
employing two tones to generate intermodulation
products when transmitted through a nonlinear sys-
tem; the other using one pure tone to create harmonic
components when transmitted through the system. An
advantage of the intermodulation method can be seen
at a glance. For instance, the intermodulation products
which must be quantitatively measured always lie
within the frequency band of the equipment under
test; whereas, by the harmonic-analysis method, the
harmonic frequencies produced may, and often do, lie
completely outside of the transmission band and, more-
over, the measuring equipment must be designed to
perform over a wide frequency range in order to meas-
ure the harmonic content.

It has been the further experience of the writer that
the intermodulation method involves much less labor
than the harmonic method to secure practical results.
By the latter method the harmonic components not
only must be measured but they should be weighted
with respect to the average ear response.

The following tests are an interesting comparison of

December, 1941
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results which may be obtained from these two meth-
ods. A comparative listening test was made between
two amplifiers, each of which had the same amount of
harmonic content as measured by the harmonic-analy-
sis method. The reproduction from the two amplifiers,
however, sounded quite different. For the amplifier
with the better sound reproduction, proper investiga-
tion showed that the harmonics from this amplifier
were of low order, that is, second harmonics and a
small amount of third harmonics. In the case of the
amplifier having objectionable sound reproduction, it
was found that in addition to the second and third
harmonics, a small amount of fifth and higher har-
monics (less than 0.1 per cent) were present. An inter-
modulation test revealed that the better of these am-
plifiers from a listening standpoint also gave better
intermodulation-test results.

Following the trend of previous procedure, that is,
to measure modulation products in terms of the per
cent amplitude, intermodulation is also defined in per
cent according to the accepted standards.? ‘

Wherever it is possible to measure completely the
amplitude and frequency of the harmonics generated
from a single-frequency tone being transmitted through
a piece of equipment, the amount of intermodulation,
resulting from the transmission of two tones through
the equipment, can be computed. However, this meth-
od is laborious and impracticable.

As a result of the restricted range involved in most
equipment, harmonics of certain frequencies which
may generate modulation products (the higher har-
monics present) lie outside the range of the trans-
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mitting equipment. This is particularly true in record-
ing apparatus where the signal-to-noise ratio is low at
these suppressed frequencies. Consequently, the neces-
sity of reducing or climinating intermodulation prod-
ucts in film recording has created the demand for a
device simple in operation which will accurately meas-
ure the magnitude of these modulation products.?

1 The per cent modulation or the modulation factor expressed in
per cent is the ratio of the maximum departure (positive or nega-
tive) of the envelope of a modulated wave from its unmodulated
value to its unmodulated value.

3 Frayne and Scoville, Jour. Soc. Mot. Pic. Eng., June, 1939.
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This is accomplished by introducing into the equip-
ment to be measured, two frequencies spaced several
octaves apart, with the amplitude of the higher fre-
quency adjusted to be 12 decibels down with respect to
the lower frequency. The effect of changing the relative
amplitude of the higher and lower frequencies is to
change the sensitivity of the intermodulation test.

CHARACTERISTICS OF FILTERS IN INTERMODULATION ANALYZER UNIT

23 ool o pu|ehd | 1230 Lo 1appo o | deded

\\ \\ e
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L] 2 0 m*uqu""ﬂ = 2000 0000 ©000
Fig. 2

For the purpose at hand it was found desirable to
employ the 12-decibel differential mentioned. Since
this relation affects sensitivity, the differential once
selected must be maintained in order that comparative
results may be secured. The generated modulation
products developed as a result of nonlinearity in the
equipment are then measured. This method, therefore,
is not critical of any frequency suppression taking
place at the output of the transmitting equipment.

The lower portion of Fig. 1 is a block schematic
drawing of an intermodulation frequency-combining
unit used in the film industry. Standardization has
taken place to the extent that certain frequencies at
definite relative amplitudes are used for testing. For
the higher-frequency tone either 1000 or 7000cycles per
second is used depending upon where, in the frequency
range, it is desirable to test the equipment. This supply
is obtained from an oscillator of the resistance-capaci-
tance type to mecasure stability of output over long
periods of time. For the lower tone a frequency of
cither 50 or 60 cycles per second is used depending
upon which of thesefs available from the commercial
power source. This makes it unnecessary to supply a
separate oscillator for this tone. In cases where a sub-
stantial amount of induced power hum is present in the
cquipment under test or the testing equipment, it may
be advisable to use a frequency other than that of the
power supply. To obtain accurate level adjustment
with a small power loss (maximum of 3 decibels), the
two frequencies are combinced through a three-winding
hybrid coil.* Where loss of power is no concern, the
two frequencies may be combined by introducing the
two voltages in series through a resistance.

The upper portion of Fig. 1 is a schematic diagram

¢ Albert, “Electrical Communication,” pp. 434 and 435.
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of a typical intermodulation analyzer unit. The input
to the analyzer is controlled by an attenuator provid-
ing sufficient range for studio purposes. After this
control, the signal is admitted by means of a selective
key to either the 1000-cycle band-pass filter or the
6000-cycle high-pass filter, depending upon the fre-
quency employed.

Curve A of Fig. 2 gives the characteristic of the
1000-cycle band-pass filter. It will be noted that fre-
quencics between 800 and 1200 cycles are not attenu-
ated by this filter. The rating “700-Hi-640” and “1250-

INPUT SIGNAL

RECTIFIED MODULATED HIGH FREQUENCY

RESULTING INTERMODULATION

Fig. 3

LO-1450" are the 3- and 10-decibel loss points of the
high- and low-pass filter which goes to make up the
band-pass filter.

Curve B of Fig. 2 gives the characteristic of the
6000-cycle high-pass filter. Only thosce frequencies
above 6000 cycles are passed.

Beyond the filters, the signal is amplified and ap-
plied to a full-wave detector. This signal is composed of
the higher of the two superimposed input frequencies
and its associated sidebands.

If the intermodulation is a result of curvature at
only one end of the characteristic (as in the case of the
toe of a vacuum tube or film H & D curve), the higher
frequency is modulated at a rate equal to the lower-
frequency signal. However, if the amplitude of the
signal intrudes on both the toc and shoulder of the
operating characteristic of the equipment under meas-
urement, the higher frequency will be modulated at a
rate of twice the lower frequency, since the compres-
sion of the signal occurs twice for cach cycle of the
lower frequency. The output of the detector, that is,

® Academy of Motion Picture Artsand Sciences’ Research Coun-
cil Technical Bulletin on Standard Nomenclature for Filters, August
10, 1937,

Deceniber

the rectified components, is then applied to the low-
pass filter which permits frequencies below 100 cycles
to pass (curve Cof Fig. 2).

This filter may well have a cutoff as low as about
300 cycles per sccond where the lower-frequency test
tone is not greater than 150 cycles per sccond. This is
because the intermodulation may be the result of
compression at both the toe and shoulder of the char-
acteristic and hence the low-pass filter must transmit
frequencies up to twice the frequency of the lower of
the two test tones. Where it is desired to measure
intermodulation distortion of a very low amplitude,
this filter must discriminate considerably against the
upper-frequency test tone of 1000 or 7000 cycles per
second. Usually a 60-decibel discrimination between
the cutoff and the higher frequency will be sufficient.
No usecful purpose is served by having a cutoff higher
than twice the fundamental frequency because of the
rate at which this compression can take place.

The direct-current component of the modified signal
is then removed and the alternating-current com-
ponent is amplified and measured by means of a
copper-oxide-rectifier meter. The phases of detection
are shown in Fig. 3. The full schematic drawing of the
frequency-combining unit is shown in Fig. 4 and the
analyzer is shown in Fig. 5.

The intermodulation-test unit has a range from 0.1
of 1 per cent to 100 per cent intermodulation; that is,
a range of 60 decibels in convenient steps.

Calibration of the intermodulation-test unit is made
by sending two frequencies, such as 1000 and 1050,
through the mixer unit or frequency combiner. The
amplitudes of the two frequencies are adjusted so that
one frequency is 20 decibels down with respect to the
other. By definition, this is a condition of 10 per cent
intermodulation and from this reference point a cali-
bration curve can then be calculated.

The intermodulation-test unit is used extensively to
check several phases of the recording process.

In film recording with a light valve, the amplitude
of the higher-frequency component will be a minimum
when the valve approaches its maximum spacing and
will be a maximum when the ribbons approach the
zero-spaced  condition. Thus, the higher- frequency
tone is modulated at the lower-frequency rate, result-
ing in the addition to the higher frequency of sum and
difference tones. The intermodulation test has pro-
vided an excellent method of obtaining rapid quanti-
tative data in the magnitude of such distortion changes
which is not measurable by the harmonic- analysis
method. With the latter method, only the average
reduction in the amplitude of the fundamental is indi-
cated.

Values of optimum exposure of the negative, printer
light, and over-all gamma in variable-density record-
ing are now arrived at through the intermodulation-
test method. (Sece Fig. 6.) If a uniform contact between
negative and print is not maintained because of printer
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slippage or chatter, the track is modulated, resulting
in a different amount of high frequencies on the print
at different positions. This result can be measured
directly by printing a 7000-cycle loop and measuring
the output in the same manner as when two frequencies
are used, the slippage being the equivalent of the lower
frequency normally used.

In disk recording the representation of distortion
computations for two-tone signals is quite complex.
The intermodulation tests are a measure of the track-
ing distortion over a wide band which is principally
nonharmonic in character.® Amplitudes for pre-equal-
ized or high-frequency-emphasis recorded disks may be
determined for an accepted distortion.

To measure the intermodulation resulting from hum
or power-line pickup introduced in an amplifier, the
equipment is set up in the regular manner except the
lower of the two test frequencies is removed and the
induced current used instead. The indicated inter-
modulation is then a result of the induced hum which
acts as the lower frequency.

Approximate relation between the intermodulation
and harmonic terms may be arrived at under certain
assumptions-regarding the form of distortion present.
Experimental data indicate that the intermodulation
terms are approximately four times the harmonic
terms, that is, if a certain apparatus is found to have 1
per cent total harmonics, an intermodulation test will
show intermodulation products of approximately 3 to
4 per cent where the higher frequency is adjusted 12
decibels down in amplitude from the lower frequency.?
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Fig. 6—Over-all intermodulation including electrical and photo-
graphic characteristics of variable-density light-value recording
system, using a 10-1 cylindrical-lens image reduction.

The intermodulation-test method is extremely use-
ful in other fields. It may be employed in the adjust-
ment and operation of radio transmitters as experience
has often shown that even after careful adjustment of
a transmitter on a steady-state basis, satisfactory per-

¢ W. D. Lewis and F. V. [lunt, “Theory of tracing distortion in

sound reproduction from phonograph records,” Jour. Acous. Soc.
Amer., vol. 12, pp. 348-365.
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formance will not be secured on a semitransient or
dynamic state with speech and music. However, proper
adjustment of the modulator and class B amplifier

stages, by the use of the intermodulation-test method,
resulted in an adjustment under test conditions which
can be relied upon for program performance. In the
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1000

case of the single-tone steady-state measurement the
apparatus under test is forced to assume a new char-
acteristic dependent upon the degree of modulation
present. This new characteristic is maintained so long
as the single frequency is held at constant amplitude.
However, in the case of the multiple tone, such as is
used in the intermodulation test, if the modulation is
sufficient to shift the static characteristic to a new
point this shift does not remain constant as in the
case of a single frequency, but varies at the rate of, or
twice the rate of the lower of the two impressed tones
and thus a dynamic state is created.

In a great number of cases, intermodulation in audio
amplifiers is due to a lack of low-frequency carrying
capacity and the intermodulation test method im-
mediately shows the degree of magnetic modulation in
transformers and filters. Where a single-frequency test
wave is applied to a ferromagnetic-core coil only the
main hysteresis loops are utilized but with complex
signals a magnetized force of different character is in-
volved since other loops appear.’

Although normal impedance ratings and frequency
characteristics of iron-core coupling devices are given
with reasonable accuracy, these data are not neces-
sarily an indication of the amount of modulation prod-
ucts of intermodulation gencrated by this apparatus
when subjected to the wide range in current values and
frequencies of a complex wave.

An amplifier was set up with the test modulation
tones of 50 and 1000 cycles to obtain a slightly over-
loaded condition. The frequency spectrum up to 3150
cycles per second was analyzed by means of a quartz-
filter tuned analyzer. With the 50-cycle component
considered as 100 per cent modulation, Fig. 7 shows

7 “Motion Picture Sound Engineering,” D. Van Nostrand
Company, New York, N. Y., pp. 97-115.
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the frequency and magnitude of the measurable gen-
erated terms. It will be noted that in some cases these
terms arc not harmonically related to the original
" sources or to cach other.

An amplifier system was used for the pickup and re-
cording of a voice and flute duet. This material was
then reproduced using the highest-quality horn system
available.® It was found, in order that no intermodula-

® Pender and Mcllwain, “Handbook for Electrical Engincers,”
John Wiley and Sons, New York, N. Y., section 10, pp. S1-56.

tion be detected by car, the intermodulation term had
to be less than 2 per cent under test conditions cx-
clusive of the horn system.

Consequently, as the intermodulation test is ap-
proximately four times as sensitive as the harmonic-
analysis method, it approaches the sensitivity of the
car in detecting intermodulation effects, and it is a
very valuable tool with which to measure distortion.
By comparison, other methods are inadequate and in-
convenient, as well as more laborious.

Optimum Conditions for Maximum Power in

Class A Amplifiers”

WAYNE B. NOTTINGHAM, ASSOCIATE, LR.E.

Summary—By following a simple analysis, it is shown that there
are three cases for which optimum operating conditions may be estab-
lished for class A amplifiers. These are for (I) the small signal, (1I)
the fixed quiescent plate volla;e, and (I1I) the fixed quiescent plate
dissipation. There is a “best” operating condition, which might be
considered as a fourth case, if both the quiescent plate voltage and the
quiescent plate dissipation are fixed. For cases (I) and (II) the
results are definite and give R=r, and R=2r, but for (11I) R=20r,
and for the fourth condition R=8r,. In the last two conditions R
is not exactly the same for all tube types but depends to some extent
on the tube characterislic. The undistorted power delivered to the load
Jor these cases varies by a factor of nearly 3.

INTRODUCTION

VHE FIRST optimum condition for class A power
VJ[ amplifiers was established long ago! for the case
of a small amplitude of grid swing and resulted in
the relation R=r, where R is the load resistance and
r» the plate resistance of the tube. The sccond relation
applies in case the grid swing is limited only by the
distortion propertics of the tube and the quiescent
plate voltage is specified. Brown? showed that the
maximum power is delivered to the load when R=2r,
assuming that the no-signal plate dissipation is ade-
quate. The third case, which so far as the author is
aware, has never been published, applies if the quics-
cent plate dissipation is specified and no limitations
are placed on the plate voltage. The grid swing is as-
sumed to be limited by the distortion properties of the
tube just as in the second case above. The optimum
plate load for the third case turns out to be of the order
of fifteen to twenty times the plate resistance r, and
depends on the quiescent plate dissipation and the
minimum plate current permitted by the tube charac-
teristics. Since the treatment of all three of these cases
can be unified so easily, it will be presented here as
briefly as possible.

* Decimal classification: R132. Original manuscript received by
the Institute, September 26, 1940; revised manuscript received,
August 25, 1941,

1 George Eastman Laboratory of Physics, Massachusetts Insti-
tute of Technology, Cambridge, Massachusetts.

'H. J. Van Der Bijl, “The Thermionic Vacuum Tube,” Mec-
Graw-Hill Book Company, New York, N. Y., 1920, p. 188,

* W. J. Brown, Proc. Phys. Soc. (London), vol. 36, p. 218; 1924,
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SyMBoOLs

The symbols to be used can best be defined in terms
of the idealized tube characteristic curves shown in
Fig. 1. The static tube characteristics over the range of

N %

N\ Ay
Ibo_ \\ k A |
E W 7 RN " |
MR \\\\\\\

|

r€
L e ,_‘) plate volts

I |
bo |

Fig. l’—.ldoallzod. tube characteristics to illustrate symbols used.
a-a’ is load line for small signal; A-A’ is load line for large
signal always terminated at zero grid volts at 4 and a minimum |
plate current at A’. Maximum plate dissipation requires
Qquiescent point to lie on line Ppn—P,., or below it.

approximate lincarity are represented by ‘

1
(1

b = -— (uec + ey — )
Tp
where
1y =instantancous total plate current
€. =nstantancous total grid voltage
ey =instantancous total plate voltage
7» = plate resistance over the lincar part of the char-
acteristic |
u=amplification factor
€ =intercept on the voltage axis of the extrapolated
e. =0 curve

December, 194]
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In the equations below the following symbols have the
meanings:
E.,=quiescent grid voltage
I,,=quiescent plate current
Ew = quiescent plate voltage
P, = IsEs = quiescent plate dissipation
P, =maximum quiescent plate dissipation
is» = minimum total plate current for a specified grid
signal
ismin=minimum total plate current permitted as sct
by distortion
I,n = Iyo— s, = maximum value of varying component
of the plate current
E,»=maximum value of the varying component of
grid voltage
P =alternating-current component of the power de-
livered to the load R
R =load resistance.

GENERAL EQUATIONS

A general equation for the power delivered to the
load R is

P = 3R = 4(Iso — ism)'R. @)

If the power is maximized with respect to R then
(dP/dR)=0 and we have

Im + 2R(dI,,/dR) = 0 (3a)

or
d(Teo — ibm) -

(Tso — iom) + 2R IR

0. (3b)

The maximum value of the varying component of the
plate current is related to the grid signal by

wEgm = Ipn(ry + R) = (Joo — iom)(r, + R). (4)

APPLICATION TO SprECIFIED CASES

As mentioned above, there are three specific cases of
interest which are (I) small but fixed grid signal, (II)
specified quiescent plate voltage, and (/1I) specified
quiescent plate dissipation. These will be discussed in
this order.

Case I

With a fixed grid signal (d E,»/d R)=0, and the
optimum load resistance is obtained by differentiating
(4) with respect to R and combining this with (3a).

0= (r,+ R)(dIpm/dR) + Ipm = Ipm + 2R(dIn/dR). (5)
From this we obtain
R=r (6)
for the optimum load resistor.?
3 There is a value of I)o for which the greatest amount of power
can be delivered to the load of resistance R=r, without exceeding

the quiescent plate power rating Ppm. This may be calculated using
the equation

Lo=[(Ppn/3rp) +(i:min/9) (¢/ 27 pivamin — 1)1/ — (domin/3) (¢/ 2r,.iu..|..? 1 ))
6a
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Case 11

In order to limit the distortion produced in a power
amplifier it is common practice to specify that
—E.,=E,. (that is the grid must not go positive) and
the minimum value of the plate current should never
fall below some arbitrary minimum current Zemin which
is determined in the practical case by the true charac-
teristics of the tube and the amount of distortion which
can be tolerated. If, in addition to these limitations, the
quiescent value of the plate potential Es is specified,
then the optimum operating conditions and the load
resistance may be determined uniquely.

The first and second conditions above yield the fol-
lowing two general equations which may be written di-
rectly from an inspection of the curves of Fig. 1 and
the use of (1): >
- ibmin) = €pnin — € (7)

7,,(211,0
since (21 —1ismin) is the current at point 4 of Fig. 1.
Eyy — €bmin E _7(21 _'imin)_'e
i i A bo T TpRTIe0 T et L (8)
Tso — tbmin Tso — tomin

If we diffcrentiate (8) and remember that both
(d Eso/d R) and (d tsmin/d R) are zero, then

dIo dlyo

(Iso — ismin) + R R 2r, iR

9

With the use of (3b) it follows that the optimum value
of the load resistance is given by

R = 2rp, (10)
the optimum quiescent plate current is
A Ebo - €
Ivo = 3ibmin + - (11)
4r,
and the optimum quicscent grid voltage is
37, . 3 .
E£0= - (lbo_“’min) == (Ebo_f—r,,lbmi“)- (12)
I 4u

If the conditions of this case are adhered to and R
inade equal to 27,, then the quiescent plate dissipation
P, may exceed P,» which is the maximum permitted
without tube damage. This results if the value of Es
is too large. It is clear that under these conditions the
problem is “overspecified” and it is not necessary to de-
terminc the optimum load resistance by differentiation
since it may be determined directly from (8) because
the maximum value of Iy is determined by the specified
P, and Ey. The other constants of the equation may
all be determined from the tube characteristics. If the
value of R calculated from (8) is greater than 2r,, then
this is the best value consistent with a specified maxi-
mum FEy and P,. but if this value of R is less than
2r, then a choice of R=2r, is the optimum and Py,
will be less than Py,

The calculation of the maximum value of Eg, for
which Case II can be said to apply without exceeding
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a specified maximum P,,, is straightforward and the
result is
(max) Ebo = ;{6 - 3ibm;nrp

+\/T6';Ppm + (5 - gibmin’p)i}-

A consideration of the usual magnitudes of constants
of the above equation leads to the approximation

(13)

(max) Ep = 2v/7,Ppm . (13a)

If the maximum_ value of Ep permitted by the tube
manufacturer is greater than that given by (13a), then
(8) determines the best value of R unless this value ex-
ceeds that determined under Case III below. Under
those circumstances the value of R determined by the
equations of Case III is the optimum.

Case IIT

If the limits set by distortion are again restricted by
the two conditions (1) the grid must not go positive
and (2) the minimum value of the plate current must
not fall below %ymin and in addition the maximum quies-
cent plate dissipation is specified as P,n, then a unique
solution to the problem of finding the optimum operat-
ing conditions is available.

Since (dP,./dR)=0 it follows that

d(I0Eso) dl, dE,
. bo —— = 0, (14)
dR dR dR
Equation (8) may be differentiated to obtain
dlyy  dEs dl
I = ¢ min R = - o 15
(Teo Lomin) + 4R dR 43 4R (15)

Substitutions from (3b) and (14) result in the relations

2r, + =
1 r —_—— .
b0 Y b0’

(16)

The elimination of R between (8) and (16) gives the
final relationship by which the optimum value of I,
may be determined as follows:

Ppmlbmin

T = 4fp1b0 - 3’pibmin + €.
b0

(17)
This equation is a cubic in I, depending only on known
quantities* Ppm, %min, 75, and e. It may be solved by
plotting the left-hand side of the equation as a function
of arbitrarily chosen values of Iy, and finding the inter-
section of this curve with the stright line which repre-
sents graphically the value of the right-hand side of
the equation for the same range in Iy, Since the rela-
tions here are so simple, it is also an easy matter, with
the help of a slide rule, to find the solution to (17) by
trial. After having found the optimum value of I,

“the optimum load resistance R may be determined by

4 A brief discussion of the selection of #ymia comes later in this
paper but here it seems desirable to interpret (17) for the inde-

terminate case of min=0. Here J50—0 and Ey—  in such a way
that IsoEso=Ppm. Of course R— «» at the same time.
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(16) and the corresponding value of Ey may be found

from the relation
I om
Eyp = —
50

(18)

Equation (19) serves to determine the optimum value
of the quiescent grid voltage E.,

_ (rp + R)
N

E,o = ([bo - ibmin)- (19)

NuUMERICAL EXAMPLES

In order to illustrate the use of these equations, a
numerical example has been computed for a tube char-
acteristic which is approximately that of the RCA 845
tube. The basic constants are as follows:

Maximum quiescent plate dissi-
pation

Plate resistance

Maximum quiescent plate voltage

P,.=100 watts
7,=1700 ohms
Ey=1250 volts

Amplification factor p=353
Estimated intercept € =835 volts
Estimated minimum plate current fy,;, = 10X 10-3
ampere.
TABLE 1
i
Case V%‘I’gs An{;%re “;:pt’:s Olfms (Rfrp) WI;us Et‘i’:'g‘a‘ %‘i‘iﬁ:_
I | 740 [135x10% | 100 | 1700 | 1.0 | 13.3 | (6a) | (®
T | 840 |119%x10 | 100 3400 | 2.0 (20.0 | (1) | (0)
“Limited | 1250 | 80x10- | 100 | 13,000 | 7.65 31.9 | (8 | (&
Epq [ .
HI | 1950 | 51x10% | 100 | 41,500 | 24.4 | 35.3 | a7 | (16)

Four examples have been worked out using the
above constants and the results are tabulated in Table
I. Circuit constants have been chosen so that the qui-
escent plate dissipation is 100 watts in every case and
the power delivered to the load is computed to be the
maximum consistent with the two limitations that the
grid must not swing positive and that the plate current
must not swing to a value less than 10X 103 ampere.
In the last two columns of the table, the numbers of
the equations used to compute the values of Iy and R
are recorded. The value of Eyy comes from (18) in every
example.

DiscussioN oF RESULTS

The maximum voltage for which Case I applies to
the 845 tube is 840 volts and yet, since the manufac-
turer’s maximum rating is between 840 volts and 1950
volts, the best operating conditions for this tube are
not determined by the true maximization with re-
spect to power delivered. The fact that the power
delivered with Eu=1250 volts is less than 10 per
cent below the absolute maximum which can be ob-
tained under operating conditions as defined, shows
that the manufacturer’s rating is a practicai and reas-
onable compromise.

In making the above calculations, 7pm;, was assumed

]




to have the same value for every case whereas experi-
ence shows that the higher the value of the load re-
sistance the lower the value of 7,mi, for a given distor-
tion. There are no simple rules by which the harmonic
distortion can be determined for a given tube charac-
teristic although the graphical methods explained by
Reich® are helpful and would serve for estimating the
harmonic distortion expected after the optimum load

s H. J. Reich, “Theory and Application of Electron Tubes” Mc-
Graw-Hill Book Company, New York, N. Y., 1939, p. 248.

resistance has been determined for a definite assumed
value of %emia. If the resultant harmonic distortion is’
greater or less than the amount considered tolerable,
then a new value of 4smin would have to be assumed and
a new value of load resistance determined using the
methods outlined here. These results are applicable to
circuits with resistance feed, choke feed, or transformer
feed of the plate power as long as the input impedance
to the plate load is dominated by its resistance com-
ponent.

The Calculation of Ground-Wave Field Intensity
Over a Finitely Conducting Spherical Earth’

K. A. NORTON{, MEMBER, LR.E.

Summary—Equations and curves are presented which simplify
the calculation of ground-wave field intensity over a finitely conduct-
ing spherical earth for transmilting and receiving antennas of arbi-
trary heights and polarization.

ITHIN the last few years many theoretical

&;%/ paperst—? have appeared which deal with the
calculation of ground-wave field intensity. It

is the purpose of this report to summarize the results
obtained in these papers and to present graphical
methods for the computation of ground-wave field
intensity which may be used easily by the engineer.
The ground wave is here considered to be the portion
of a radio wave that is propagated through space and

* Decimal classification: R113.7 X R270. Original manuscript re-
ceived by the Institute April 7, 1941. Presented, Federal Communi-
cations Commission Hearing, March 18, 1940.

t Federal Communications Commission, Washington, D. C.

1 Balth. van der Pol and H. Bremmer, “The diffraction of
electromagnetic waves from an electrical point source round a
ﬁnitelK conducting sphere, with applications to radiotelegraphy
and the theory of the rainbow,” Part I, Phil. Mag., vol. 24, pp.
141-176; July, 1937; Part I, Phil. Mag., vol. 24, pp. 825-864,
supplement, November, 1937.

2 Balth. van der Pol and H. Bremmer, “Ergebnisse einer
Theorie iiber die Fortpflanzung elektromagnetischer Wellen iiber
eine Kugel endlicher Leitfahigkeit,” IIocEjrequenz. und Elektro-
akustic, Band 51, Heft 6, pp. 181-188; June, 1938.

3 Balth. van der Pol and H. Bremmer, “The propagation of
radio waves over a finitely conducting spherical earth,” Phil. Mag.,
vol. 25,{) .817-834; June, 1938.

¢ Ba tﬁ. van der PPol and H. Bremmer, “Further note on the
propag'ation of radio waves over a finitely conducting spherical
earth,” Phil. Mag., vol. 27, pp. 261-275; March, 1939.

¢ T. L. Eckersley and G. Millington, “Application of the phase
integral method to the analysis of the diffraction and refraction
of wireless waves round the earth,” Phil. Trans. Roy. Soc., vol.
237, pp- 273-309; June, 1938.

¢ T. L. Eckersley and G. Millington, “The diffraction of wire-
llegsggwaves round the earth,” Phil. Mag., vol. 27, pp. 517-542; May,

7 T. L. Eckersley and G. Millington, “The experimental veri-
fication of the diffraction analysis of the relation between height
and gain for radio waves of medium lengths,” Proc. Phys. Soc.,
vol. 51, pp. 805-809; September, 1939.

® Marion C. Gray, “Horizontally polarized electromagnetic
waves over a spherical earth,” Phil. Mag., vol. 27, pp. 421-436;
April, 1939.

% K. A. Norton, “The propagation of radio waves over the sur-
face of the earth and in the upper atmosphere,” Part 1, Proc.
I.R.E., vol. 24, pp. 1367-1387; October, 1936; Part II, Proc.
L.R.E., vol. 25, pp. 1203-1236; September, 1937,
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is, ordinarily, affected by the presence of the ground;
the ground wave does not include any portion of the
wave reflected from anything other than the ground;
it is thus exclusive of ionospheric waves (sky waves)
and of tropospheric waves. The ground wave is, how-
ever, slightly refracted by the gradual decrease with
height of the dielectric constant of the lower at-
mosphere. In the following discussion the earth is as-
sumed to be a perfect sphere with uniform ground
constants surrounded by an atmosphere in which the
dielectric constant decreases uniformly with height. It
has been found experimentally!® that the departures
from these idealized conditions, such as hills, buildings,
trees, etc., cause large variations from the calculated
values at particular distances but the theory does pro-
vide an excellent guide to the average fields encountered
in practice.

The transmitting antenna is assumed to be either a
vertical electric doublet or a vertical magnetic dou-
blet!! with a free-space field intensity at a unit distance
equal to E, in the equatorial plane of the doublet. The
theory is applicable for other transmitting antennas
provided an appropriate value of E, is used and the
directivity considered; for example, with 1 kilowatt
radiated from a half-wave dipole in free space,
Eo=137.6 millivolts per meter at 1 mile in the equa-
torial plane of the dipole; this value ‘becomes equal to
97.3 for a vertical quarter-wave antenna at the surface
of a perfectly conducting earth. The equations to be
given are for the vertical electric ficld as reccived on a
vertical electric doublet or for the horizontal electric
field as received on a vertical magnetic doublet; the

10 E, W. Chapin and K. A. Norton, “Field intensity survey of
ultra high frequency broadcasting stations,” Federal Communica-
tions Commission mimeograph No. 40004. Presented, Hearing be-
fore the Federal Communications Commision in the Matter of
Aural Broadcasting on Frequencies above 25,000 Kilocycles,”
March 18, 1940.

1A vertical magnetic doublet is a small loop antenna with its

axis vertical; such an antenna radiates only horizontally polarized
waves.
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theory is applicable for other receiving antennas pro-
“vided the directivity relative to the doublet is appro-
priately considered.

The ground-wave field intensity at short distances
may be calculated by means of the following formula
which was derived on the assumption that the carth
may be considered to be a plane:

space wave
direct wave ground-reflected wave

Ey o C—
E = 7[ cos? Y1ei271/A ;R cos? \he'z"’/"
__surfacewave
+ (1 — R)f(P, B) cos? yaeil27(aitel] (1)

The quantitiesd, ry,rz, by, ha, ¢, and Yaare defined in Fig.
1;4=+/—1;E and E,are to be expressed in the same

TRANSMIITING ANTENNA

._r§_/___
~ ¥
' ~z,
: \ S~ _— RECEIVING A.Q::.. '
h1| \ \\
3
| ~ ey
: * \ /\y— hl
[ [ s v
- 1 L
—_— 4 77 ]

Fig. 1—Geometry for plane-earth calculations.

units; the distances, d, r,, and r,, and X\, the wavelength,
are to be expressed in the same units used for the trans-
mitting- and recciving-antenna heights &y and h,.

h - he h + ha
tan y, = -—d— tan¢z=T‘
g 2
y p (2)
r = re =
cos ¢, cosy, )

The heights of the antennas /1, and h, are to be meas-
ured from the average level of the terrain in their
vicinity up to the mid-point of the antenna. The first
term in the square brackets of (1) corresponds to the
“direct wave,” the second term to the “ground-re-
flected wave” and the third term to the “surface
wave.” The sum of the first two waves, i.e., the direct
wave and the ground-reflected wave, is called the
“space wave.”” R is the plane-wave reflection coef-
ficient of the ground. It is given by the following for-
mula:

@'_-*_‘ZE)_ eilr/a=b/2)
2
R=~—P'—* — 3)
(g1 +q_2) eilria=b/) 4 q
2p

12 A more complete discussion of these space and surface waves
is given in the paper by the author “Physical reality of space and
surface waves in the radiation field of radio antennas,” Proc.
L.R.E.. vol. 25, pp. 1192-1202; September, 1937.

o
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In the above equation p is the “numerical distance,” a
parameter introduced by Sommerfeld in 1909, while
¢1 and ¢, arc the numerical antenna heights of the
transmitting and receiving antennas.

re cos? b . L
p=7 — - (vertical polarization) (4a)
N xcosbd
r2 x . S
p=r — (horizontal polarization) (4b)
N cos b’
b=2b"-¥ (vertical polarization)  (3a)
b=180°—-¥ (horizontal polarization) (5b)
2mhy s [cos? b/ 12 ) o
qr2=—o" (vertical polarization) (6a)
A rcosd’
2nhy . & 12 . .
qr2=——0 (horizontal polarization) (6b)
A cos b
1.79731-10% g, . -
x=- 7
Sme
e.n.u. = ground conductivity expressed in electromagnetic
units
Jme=frequency expressed in megacycles per second
tan b’ = (e—cos? y¥»)/x (8)
tand" =¢/x (9)
e =dielectric constant of the ground referred to air

as unity.

When the transmitting and receiving antennas are
elevated above the earth, the “numerical distance” p
and the angle b become equal to P and B as defined in
the following equation:

I)eiB = P [1 + (ql_+,q3) ci(r/4—bl2)] zcib
2p
B 4P(.xh
= 1 - Ry : (10)

Thus P and B are the values of p and b corresponding
to elevated transmitting and receiving antennas. The
function f(P, B) e', appearing in the third term of (1),
is the surface-wave attenuation function; the values
of f(P, B) and of ¢ for antennas on the surface of the
carth may be obtained from Figs. 2 and 3, which are
graphs of f(p, 8)/p versus p and b, and of ¢ versus
p and b. For clevated transmitting and receiving an-
tennas the values of f(P, B) and of ¢ may be obtained
from Figs. 2 and 3 by using the parameters P and B in
place of p and b.

Equation (1) is a general formula applicable for
short distances (such that the carth may be considered
to be a plane) at any radio frequency, for any set of
ground constants encountered in practice, and at any
point in space such that the transmitting and receiving
antennas are greater than a wavelength apart and are
not too far above the earth; the modifications of this
formula introduced by the curvature of the earth at
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theory is applicable for other receiving antennas pro-
“vided the directivity relative to the doublet is appro-
priately considered.

The ground-wave field intensity at short distances
may be calculated by means of the following formula
which was derived on the assumption that the carth
may be considered to be a plane:

space wave
direct wave ground-reflected wave

E = _0[ COS:‘ '//lel'?rrll)‘ + R COSZ l//zem"’l)‘
d

_ surfacewave
+ (1 — R)f(P, B) cos? yqeil2naititel] = (1)
The quantitiesd, ry,ra, by, ha o, and Yaare defined in Fig.
1;i=v/—1;E and Ejare to be expressed in the same
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Fig. 1—Geometry for plane-earth calculations.
units; the distances, d, r;, and 7,5, and \, the wavelength,
are to be expressed in the same units used for the trans-
mitting- and receiving-antenna heights iy and k.

— hy — hy — hy + hy
any; = —— an ya = -
d d
. 2
p p (2)
r, = - rg = —————
cos ¥, cosys |

The heights of the antennas 4, and ), are to be meas-
ured from the average level of the terrain in their
vicinity up to the mid-point of the antenna. The first
term in the square brackets of (1) corresponds to the
“direct wave,” the second term to the “ground-re-
flected wave” and the third term to the “surface
wave.” The sum of the first two waves, i.c., the direct
wave and the ground-reflected wave, is called the
“space wave.” R is the plance-wave reflection coef-
ficient of the ground. It is given by the following for-

mula:
@) i _
2
sz—fp' R (3)
(ql + Q ei(x14=b12) + 1
2p

* A more complete discussion of these space and surface waves
is given in the paper by the author “Physical reality of space and
surface waves in the radiation field of radio antennas,” Proc.
I.R.E., vol. 25, pp. 1192-1202; September, 1937.
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In the above equation p is the “numerical distance,” a
parameter introduced by Sommerfeld in 1909, while
¢ and ¢, are the numerical antenna heights of the
transmitting and receiving antennas.

re cos? b’ ) L
p=r (vertical polarization) (4a)
A xcosd’
Ty X . a 9
p=r (horizontal polarization) (4h)
N cos b’
b=20" -V (vertical polarization) (5a)
b=180°-¥ (horizontal polarization) (Sh)
2mhyp [cos? ' 12 . L
qi2= (vertical polarization) (6a)
A xcosd’
2rwhy o x e . )
qr2= (horizontal polarization) (6b)
A cos b’
1-7()731'1015 O¢.m.u. (_)
x=- 7
fml‘
e.nn. = ground conductivity expressed in electromagnetic
units
Jme=frequency expressed in megacycles per second
tan b’ = (e—cos? y2)/x (8)
tand’ =¢/x (9

e=diclectric constant of the ground referred to air
as unity.

When the transmitting and receiving antennas are
clevated above the carth, the “numerical distance” P
and the angle b become equal to Pand B as defined in
the following cquation:

Pei = p |:1 + (g1 + ¢2) c.'('u—m)] 2e.~b
2p

4pcib

T (10)
Thus P and B are the values of p and b corresponding
to clevated transmitting and receiving antennas. The
function f(P, B) ei¢, appearing in the third term of (1),
is the surface-wave attenuation function: the values
of f(P, B) and of ¢ for antennas on the surface of the
carth may be obtained from Figs. 2 and 3, which are
graphs of f(p, b)/p versus P and b, and of ¢ versus
p and b. For clevated transmitting and receiving an-
tennas the values of f(P, B) and of ¢ may be obtained
from Figs. 2 and 3 by using the parameters P and B in
place of p and b.

Equation (1) is a general formula applicable for
short distances (such that the carth may be considered
to be a plane) at any radio frequency, for any set of
ground gonstants encountered in practice, and at any
point in space such that the transmitting and receiving
antennas are greater than a wavelength apart and are
not too far above the carth; the modifications of this
formula introduced by the curvature of the carth at
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large distances and for high antennas will be given
later. We shall now consider its various components in
some detail and give several examples of the methods
of using it under various circumstances. In the trans-
mission between points which are both far removed
from the earth as, for example, in the transmission
from one airplane to another one near by, only the
direct wave needs to be considered since cos ¥1>>cos ¥
and the ground-reflected wave and surface waves will
be negligibly small; however, as the two airplanes
travel farther and farther apart (at a fixed altitude)
they will soon reach a point such that cos Y2 is no
longer very much smaller than cos ¥1 and the ground-
reflected wave will also need to be considered; finally,
at still greater distances, if the numerical antenna
heights are not too great, the surface wave must also
be considered.

For the solution of many problems, all three terms
of (1) must be included in the calculations; under these
circumstances, the calculation of curves showing field
intensity versus distance is a rather tedious process
involving, as it does, the separate calculation at each
distance of both the magnitude and phase of each
term in (1) and the subsequent vector addition of these
terms. Fortunately, for the solution of most ground-
wave problems of practical importance to the engineer,
short-cut methods can be employed. For example, at
low frequencies, say less than 5 megacycles, the nu-
merical antenna heights are usually sufficiently low
(914¢2<0.01) so that the surface-wave term alcne is
of importance and simple graphical methods can be
used for determining its intensity as a function of the
distance. In the range from 5 to 20 megacycles, a
knowledge of the ground wave is usually not required;
fortunately it is only in this range that the short-cut
methods do not have a wide distance and antenna-
height range of application. At the ultra-high fre-
quencies, above 20 megacycles, it is convenient to cal-
culate the surface-wave field first and then to multiply
this by height-gain factors to determine the field for
elevated transmitting and receiving antennas. From
the above discussion it is clear that calculations of the
surface wave should be made first even in the case of
elevated antennas.

PaArt 1. THE SURFACE WAVE
(@1 + g2 < 0.01)

Consider the transmission from a transmitting an-
tenna near the ground. When the receiving antenna is
also near the ground, the received field is a surface
wave only; for example, when ¢14¢2<0.01: P=p;
B~b; R~—1; cos ¥s=~cos ¥; ra=r;, and the direct
and ground-reflected waves cancel each other, leaving
only the surface wave,

2E,
Bupm—s 10 (1)

where
(914¢:<0.01); d< (50'/fn2c) miles.

The surface wave is a practically important component
of the field only with vertical polarization and at low
and intermediate frequencies; under these circum-
stances, the inverse-distance field intensity is referred
to 2 times the free-space field and the inverse-dis-
tance field intensity at a unit distance is thus 2 E,.
The reason for this is the surface-wave field intensity
at short numerical distances (p <0.001) with vertical
polarization approaches very closely to the value which
would be obtained over a perfectly conducting plane;
this latter value is twice the value of the free-space
field.

Graphical methods have been developed which sim-
plify the computations of the surface wave. Using (4)
and (5), calculate the distance in miles corresponding
to a numerical distance =1 and calculate the value of
b. Now obtain log-log graph paper® similar to that used
in Fig. 2 and draw an inverse-distance line (2 E,/d)
on it corresponding to the given value of inverse-dis-
tance field intensity at one mile (2 E,). Superimpose
the log-log graph sheet over Fig. 2, shifting it hori-
zontally until the abscissa corresponding to a numer-
ical distance p =1 on Fig. 2 coincides with the calcu-
lated value of the distance in miles corresponding to
p=1, and then shifting it vertically until the two in-
verse-distance lines coincide. The curve corresponding
to the calculated value of & may be traced on the
graph sheet and will represent the ground-wave field
intensity to be expected at short distances from the
antenna; this process is applicable for distances less
than about (50/f..) miles—the method of extending
this surface-wave curve to greater distances will be
discussed below.

The surface wave at large distances is a diffracted
wave; i.e., the waves are prevented by the bulge of the
earth from passing directly into this region and so
must reach it by a process of bending around the
curved surface of the earth; the portion of this bending
which is not due to refraction is called diffraction.
Clearly the above plane-earth methods will not pro-
vide a solution for the field in this region and we must
turn to the more com’Blicatcd equations for the field
over a spherical earth. The solution of this problem
has been known for many years but it was put in a
form suitable for numerical interpretation only in the
last few years. In this report the more recent solutions
will be presented in graphical form so that the calcu-
lations of surface-wave ficlds at large distances may
be easily accomplished.

At this point it is desirable to digress for a moment in
order to discuss the effects of air refraction and their
influence on the cffective value of the radius of the

13 The graph paper used for drawing these figures was Keuffel
and Esser Company graph paper No. 30731, which consists of log-log
cycles with dimensions identical to those in Figs. 2, 4, 7, and 11.
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large distances and for high antennas will be given

later. We shall now consider its various components in .

some detail and give several examples of the methods
of using it under various circumstances. In the trans-
mission between points which are both far removed
from the earth as, for example, in the transmission
from one airplane to another one near by, only the
direct wave needs to be considered since cos Y>> cos ¢
and the ground-reflected wave and surface waves will
be negligibly small; however, as the two airplanes
travel farther and farther apart (at a fixed altitude)
they will soon reach a point such that cos Y2 is-no
longer very much smaller than cos ¥ and the ground-
reflected wave will also need to be considered; finally,
at still greater distances, if the numerical antenna
heights are not too great, the surface wave must also
be considered.

For the solution of many problems, all three terms
of (1) must be included in the calculations; under these
circumstances, the calculation of curves showing field
intensity versus distance is a rather tedious process
involving, as it does, the separate calculation at each
distance of both the magnitude and phase of each
term in (1) and the subsequent vector addition of these
terms. Fortunately, for the solution of most ground-
wave problems of practical importance to the engineer,
short-cut methods can be employed. For example, at
low frequencies, say less than 5 megacycles, the nu-
merical antenna heights are usually sufficiently low
(¢149g2<0.01) so that the surface-wave term alone is
of importance and simple graphical methods can be
used for determining its intensity as a function of the
distance. In the range from 5 to 20 megacycles, a
knowledge of the ground wave is usually not required;
fortunately it is only in this range that.the short-cut
methods do not have a wide distance and antenna-
height range of application. At the ultra-high fre-
quencies, above 20 megacycles, it is convenient to cal-
culate the surface-wave field first and then to multiply
this by height-gain factors to determine the ficld for
elevated transmitting and receiving antennas. From
the above discussion it is clear that calculations of the
surface wave should be made first even in the case of
elevated antennas.

Part I. THE SURFACE WAVE
(1 + g2 < 0.01)

Consider the transmission from a transmitting an-
tenna near the ground. When the receiving antenna is
also near the ground, the reccived field is a surface
wave only; for example, when ¢14¢2<0.01: P=p;
Bab; R~—1; cos ya=cos y1; r=ry, and the direct
and ground-reflected waves cancel each other, leaving
only the surface wave,

2
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where
(q14¢2<0.01); d< (50/fme) miles.

The surface wave is a practically important component
of the ficld only with vertical polarization and at low
and intermediate frequencies; under these circum-
stances, the inverse-distance field intensity is referred
to 2 times the free-space field and the inverse-dis-
tance field intensity at a unit distance is thus 2 E,.
The reason for this is the surface-wave field intensity
at short numerical distances (p <0.001) with vertical
polarization approaches very closely to the value which
would be obtained over a perfectly conducting plane;
this latter value is twice the value of the free-space
field.

Graphical methods have been developed which sim-
plify the computations of the surface wave. Using 4)
and (5), calculate the distance in miles corresponding
to a numerical distance =1 and calculate the value of
b. Now obtain log-log graph paper®similar to that used
in Fig. 2 and draw an inverse-distance line (2 Eo/d)
on it corresponding to the given value of inverse-dis-
tance field intensity at one mile (2 E,). Superimpose
the log-log graph sheet over Fig. 2, shifting it hori-
zontally until the abscissa corresponding to a numer-
ical distance p=1 on Fig. 2 coincides with the calcu-
lated value of the distance in miles corresponding to
p=1, and then shifting it vertically until the two in-
verse-distance lines coincide. The curve corresponding
to the calculated value of b may be traced on the
graph sheet and will represent the grcund-wave field
intensity to be expected at short distances from the
antenna; this process is applicable for distances less
than about (50/fJ,) miles——the method of extending
this surface-wave curve to greater distances will be
discussed below.

The surface wave at large distances is a diffracted
wave; i.e., the waves are prevented by the bulge of the
earth from passing directly into this region and so
must reach it by a process of bending around the
curved surface of the earth; the portion of this bending
which is not due to refraction is called diffraction.
Clearly the above plane-earth methods will not pro-
vide a solution for the field in this region and we must
turn to the more coaplicatcd equations for the ficld
over a spherical carth. The solution of this problem
has been known for many years but it was put in a
form suitable for numerical interpretation only in the
last few years. In this report the more recent solutions
will be presented in graphical form so that the calcu-
lations of surface-wave ficlds at large distances may
be casily accomplished.

At this point it is desirable to digress for a moment in
order to discuss the effects of air refraction and their
influence on the effective value of the radius of the

1 The graph paper used for drawing these figures was Keuffel
and Esser Company graph paper No. 30731, which consists of log-log
cycles with dimensions identical to those in Figs. 2, 4, 7, ang 1
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carth. It is known that the refractive index 7 of the air
decreases with the height & above the carth and this
has the cffect of refracting the radio waves downward
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Fig. 5—The parameter B¢ as a function of K and b.
(See also Appendix I11.)

toward the ecarth; this systematic effect of air refrac-
tion in the lower atmosphere may be approximately
included in the calculations by using an cffective radius
of the earth which is k times the actual radius. Thus,
if we assume that the refractive index of the air
changes with height above the carth at the uniform
rate dn/dh, then k may be expressed as

" ! 1+adn>
B /< n dh

where a is the actual radius of the carth expressed in
the same units used for the height /. There is some ex-
perimental cvidence (both from the standpoint of
wave propagation and the analysis of meteorological
data) to indicate that & has a value equal to about 4/3
on the average so that the cffective radius of the earth
ka is equal to about 5280 miles; however, due to varia-
tions in the gradient of the diclectric constant of the
air with weather changes, # may be expected to be
variable from hour to hour, day to day, and season to
season and may range from less than 1 up to an infi-
nitely large value.

The nature of the surface-wave field at large dis-
tances is determined as a function of frequency and
ground constants primarily through the parameters
K and b, the latter being defined in (5a) and (5b).

(12)
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. A Y3 [xcosb’]Y? (vertical (132)
" Larka cos? b’ polarization) .
N JY? [cos b2 3
K= [ ] ) [ ] (horllz'm?lal . (13h)
2rka X polarization).

It will be found that K is always very much smaller for
horizontal polarization than for vertical polarization.

Fig. 4 shows the relative values of field intensity at
large distances over a spherical carth as a function of
the parameter 2’ where

ﬂ' = Bonod
(k2a®\)— 13

(14
(15)

and B, is given graphically as a function of K and b
in Fig. 5. Fig. 4 is to be used in the following way to
extend the calculations of the surface wave to large dis-
tances. First calculate the field intensity correspond-
ing to 7’ =2 by means of the following formula:

No

(10)

The parameter v is given graphically as a function of
K and b in Fig. 6; the formula for v is given in (52) in
Appendix II. Next calculate the distance d corre-
sponding to 7" =2 by mcans of the following formula:

2

15.u(.,’-2) = 2150710‘7-

(17)

(1(,,' 2y = N
Bono

Now plot the value of ficld intensity as given by (16)
at the distance given by (17) on the transparent log-
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Fig. 6—The parameter v as a function of K and b.
(Sec also Appendix I11.)

log graph sheet containing the surface-wave curve as
determined at short distances by the, plane-carth
method. Finally, superimpose the log-log graph sheet
over Fig. 4 shifting it vertically and horizontally until
the plotted point coincides with the curve on Fig. 4 at




19

e point o’
mvb tr
mi!

LIVt
«
r [}
. th the
a0 :
¥ f
3 = 3
SEaEERARES zae:
g : e s fdisesssst s rseaaes pa sy :
- 2 s 5 T
TS 3 1 L 1l
“addlal 1 19 ' I pE RS2 " IAERIRNBRERaARRAN
1 1324 § 8 Tt SN 11
i . Ht ST S
: Sresss 2o .@
- S5 teitasesea s
B St St CmTITT
i ettt seomaseoms S B S o s s et
: -
3 : s 2 t
: 2
- TIieh e o
s ettt
T =3 3
i §e3 5 &5
2 £
SR
l? it 1
S | 1 3 ' 4
: T e i
| 1hase i) red 1hae )
e beo b 1
" - - ‘ - 1 - 1
2 | O R
i o (noitostnpled o aliyeV) =
: . -
Q6 [l
3 e R [j o e
B (roitpsinolel Iotrosinet)
s==: Q4§ EFIEay S 33
ot emas M . - 4
1) t._ ‘S-“.A;,.’." I
i .entpnslsvnw:nf Gyzesaxs
SE ZE85s
02t
w hit £ oot
T it
4 " 1) 3
) 1411 s
1 1 ‘il MAFERas NN

.

o 588
RIS RRRRY ea vl
-l

(Y W

| P

o i &l oo QAoe Y003 & 005 €007 a4 &l o5

02 003 ¢o

-esnnsins wokad sdiiarsaindos I youddiey

R}

The « 1l
g
he )
h 1en

}e n

it (i

i t IIl on
1n Appe

P A ¢ T




628 Proceedings of the I.R.E.

carth. It is known that the refractive index 7 of the air
decreases with the height & above the carth and this
has the effect of refracting the radio waves downward
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Fig. 5—The parameter B as a function of K and b.
(See also Appendix I11.)

toward the earth; this systematic effect of air refrac-
tion in the lower atmosphere may be approximately
included in the calculations by using an effective radius
of the earth which is k times the actual radius. Thus,
if we assume that the refractive index of the air
changes with height above the earth at the uniform
rate dn/dh, then k may be expressed as

=1/{1 il'dl) 12
/< +n dh (12)

where @ is the actual radius of the earth expressed in
the same units used for the height .. There is some ex-
perimental evidence (both from the standpoint of
wave propagation and the analysis of meteorological
data) to indicate that % has a value equal to about 4/3
on the average so that the effective radius of the earth
ka is equal to about 5280 miles; however, due to varia-
tions in the gradient of the dieclectric constant of the
air with weather changes, ¥ may be expected to be
variable from hour to hour, day to day, and season to
season and may range from less than 1 up to an infi-
nitely large value.

The nature of the surface-wave field at large dis-
tances is determined as a function of frequency and
ground constants primarily through the parameters
K and b, the latter being defined in (5a) and (5b).
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_ 3‘ 3 Txcosd’* (vertical (13a)
Ry cos? b’ polarization) )
A 3 Y .
K=|: :| . [cos_ :| (hornfor}}al. (13b)
2mka x polarization).

It will be found that K is always very much smaller for
horizontal polarization than for vertical polarization.

Fig. 4 shows the relative values of field intensity at
large distances over a spherical earth as a function of
the parameter n” where

= Bonod (14)
- (kzaz)‘)-‘lla (15)

and B, is given graphically as a function of X and &
in Fig. §. Fig. 4 is to be used in the following way to
extend the calculations of the surface wave to large dis-
tances. First calculate the field intensity correspond-
ing to n" =2 by means of the following formula:

Eiuty=2y = 2Eomey. (16)

The parameter v is given graphically as a function of
K and b in Fig. 6; the formula for v is given in (52) in
Appendix II. Next calculate the distance d corre-
sponding to =2 by means of the following formula:

d ’ (17)
=2 = e /
! Bono

Now plot the value of field intensity as given by (16)
at the distance given by (17) on the transparent log-
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Fig. 6—The parameter v as a function of K and b.
(Sce also Appendix I11.)

log graph sheect containing the surface-wave curve as
determined at short distances by the  plane-carth
method. Finally, superimpose the log- log graph sheet
over Fig. 4 shifting it vertically and horizontally until
the plotted point ¢oincides with the curve on Fig. 4 at
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the point 7' =2. For n’>2, the single curve on Fig. 4
may be traced to give the field intensity versus distance
in miles at large distances. For n' <2, there are two
curves, the lower one valid for very large values of K
(very low frequencies or good conducting ground) and
the upper one valid for very small values of K (very
high frequencies or poorly conducting ground); to
complete the determination of field intensity a smooth
curve must be drawn in between the curve obtained
at short distances by the planeéZearth methods and the
curve just drawn in for large values of 7. When K is
very large or very small, this transition curve will, of
course, coincide with the lower or upper branches,
respectively, of the curve on Fig. 4; for other values of
K the approximation involved in drawing in a smooth
transition curve is never important in practice. Since
the ratio between the upper branch of the curve and
the straight line marked “Plane Earth K=0" repre-
sents the additional attenuation due to the curvature
of the earth for the case K =0, while the ratio between
the lower branch of the curve and the straight line
marked “Plane Earth K= »” represents the addi-
tional attenuation due to the curvature of the earth
for the case K= =, it is evident that, for intermediate
values of K, the effect of the curvature of the earth
will be intermediate between these two effects for
small values of 7’.

ParT I11. MEpIUM ANTENNA HEIGHTS
(h < (2000/fue) feet)

The methods to be outlined in this section are theo-
retically applicable at all radio frequencies but are
particularly useful in the ultra-high-frequency range
above 20 megacycles. At these frequencies, the numer-
ical distance p is usually large (except over sca water)
when the distance d is greater than, say, 1 mile.
Thus, at distances such that p>20, p>10 gigz, and
p>100 (gi+q2), the field intensity for antennas at the
numerical antenna heights ¢ and ¢g: may be expressed
by the following simple formula:

E = L. f(g1) f(g2) (18)
where
b < (2000/fae) feet; p > 20;
p > 10gigz; p > 100(q1 + g2)
r b\
f(‘I) = [1 + q‘2 - 2q cos (I +7>] . (19)

The derivation of (18) for the case of a plane earth is
given in Appendix 1. This equation is also applicable,
however, to calculation over a spherical earth at suf-
ficiently small heights (determined approximately by
the refation A <(2000/f,3,,) feet) such that the height-
gain function is independent of the parameter K. (Sce
Part 111 on High Antennas and equations (53) and
(54) in Appendix 11.) Thus, once the curve of field in-
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tensity versus distance for the surface wave E,, has
been properly determined by the methods of Part I,
it is only neeessary to multiply these values by the
height-gain functions f(q) and f(g2) for the trans-
mitting and receiving antennas in order to determine
the field at these heights. The function f(g) is given
graphically for various values of bin Fig. 7.

Part I11. HIGII ANTENNAS
(h > (2000/fac) feet)

When the transmitting or receiving antenna is high,
the curvature of the earth affects the calculations of
field intensity both at points within and beyond the
line of sight. The antenna height at which this change
in the methods of calculation takes place is the height
at which the height-gain function f(g, K) correspond-
ing to points beyond the line of sight, differs from the
height-gain function f(q), as given by (19) for a plane
earth. Figs. 8 and 9 show the height-gain function
f(q, K) for the parameter b=0, 30, 60, and 90 degrees
and for several values of K; for b>90 degrees, i.e., for
horizontal polarization, K is always very small so that
Fig. 7 or equation (19) may be used to determine
f(g, K) for small numerical antenna heights (¢ <50).
The formula for f(¢g, K) at small heights is given in (53)
in Appendix II; it will be noted that f(g) =f(g, K) at
all heights for K=0.

At Jarge antenna heights beyond the line of sight the
field intensity does not increase linearly with antenna
height as would be indicated by (19) and, in fact, at
sufficiently large heights, it increases exponentially
with the height; thus at large numerical antenna
heights we may write for the height-gain factor by
which the surface wave is to be multiplied

/g, K) = 8fu(h).

The parameter 9 is given graphically in Fig. 10 asa
function of the parameters K and b while the function
fi(k) is given graphically in Fig. 11 asa function of the
parameters h, K and b. The formulas for & and for
fu(h) are given in Appendix I1. The parameter k is de-
fined by the following equation:

= hBot/(RaN)VP = (2m) " BeKq. (1)

In order to determine the factor f(g, K) graphically
for all values of the antenna height below the line of
sight, the following procedure may be followed. First,
calculate the antenna height in feet corresponding to
g=1 by using (6a) or (6b). Then, using transparent
log-log graph paper similar to that of Figs. 7, 8, and 9,
label the ordinates from 0.1 upward and the abscissas
in terms of antenna height expressed in feet. Now
superimpose the log-log chart over Fig. 7, shifting it
vertically until the corresponding ordinates are lined
up and shifting it horizontally until the valuce of an-
tenna height calculated for ¢=1 coincides with that
value. Now a curve may be traced on the log-log

(20)
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the point 7’ =2. For n’>2, the single curve on Fig. 4
may be traced to give the field intensity versus distance
in miles at large distances. For 5’ <2, there are two
curves, the lower one valid for very large values of K
(very low frequencies or good conducting ground) and
the upper one valid for very small values of K (very
high frequencies or poorly conducting ground); to
complete the determination of field intensity a smooth
curve must be drawn in between the curve obtained
at short distances by the plané-earth methods and the
curve just drawn in for large values of 7. When K is
very large or very small, this transition curve wi||,9f
course, coincide with the lower or upper branches,
respectively, of the curve on Fig. 4; for other values of
K the approximation involved in drawing in a smooth
transition curve is never important in practice. Since
the ratio between the upper branch of the curve and
the straight line marked “Plane Earth K=0" repre-
sents the additional attenuation due to the curvature
of the earth for the case K =0, while the ratio between
the lower branch of the curve and the straight line
marked “Plane Earth K= =" represents the addi-
tional attenuation due to the curvature of the earth
for the case K'= =, it is evident that, for intermediate
values of K, the effect of the curvature of the earth
will be intermediate between these two effects for
small values of 7'.

Part 1I. MEDpiuM ANTENNA HEIGHTS
(h < (2000/fas) feet)

The methods to be outlined in this section are theo-
retically applicable at all radio frequencies but are
particularly useful in the ultra-high-frequency range
above 20 megacycles. At these frequencies, the numer-
ical distance p is usually large (except over sca water)
when the distance d is greater than, say, 1 mile.
Thus, at distances such that p>20, p>10 qiga, and
p>100 (g14-¢2), the field intensity for antennas at the
numerical antenna heights ¢ and g» may be expressed
by the following simple formula:

where
h < (2000/fde) feet; p > 205
p > 10giqe; p > 100(q1 + qo)
r's b /2
fl@ = [1 4+ ¢* — 2q cos (: + —;)] : (19)

The derivation of (18) for the casc of a plane earth is
given in Appendix I. This equation is also applicable,
however, to calculation over a spherical earth at suf-
ficiently small heights (determined approximately by
the relation k< (2000/f3,) feet) such that the height-
gain function is independent of the parameter K. (See
Part 111 on High Antennas and equations (53) and
(54) in Appendix I1.) Thus, once the curve of field in-
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tensity versus distance for the surface wave E,, has
been properly determined by the methods of Part I,
it is only neeessary to multiply these values by the
height-gain functions f(q:) and f(qs) for the trans-
mitting and receiving antennas in order to determine
the field at these heights. The function f(g) is given
graphically for various values of bin Fig. 7.

Part 111. HiGH ANTENNAS
(h > (2000/fac) feet)

When the transmitting or receiving antenna is high,
the curvature of the earth affects the calculations of
field intensity both at points within and beyond the
line of sight. The antenna height at which this change
in the methods of calculation takes place is the height
at which the height-gain function f(q, K) correspond-
ing to points beyond the line of sight, differs from the
height-gain function f(q), as given by (19) for a plane
earth. Figs. 8 and 9 show the height-gain function
f(g, K) for the parameter b=0, 30, 60, and 90 degrees
and for several values of K; for b>90 degrees, i.e., for
horizontal polarization, K is always very small so that
Fig. 7 or equation (19) may be used to determine
f(g, K) for small numerical antenna heights (g <S50).
The formula for (g, K) at small heights is given in (53)
in Appendix II; it will be noted that fl@)=f(g, K) at
all heights for K=0.

At Jarge antenna heights beyond the line of sight the
field intensity does not increase linearly with antenna
height as would be indicated by (19) and, in fact, at
sufficiently large heights, it increases exponentially
with the height; thus at large numerical antenna
heights we may write for the height-gain factor by
which the surface wave is to be multiplied

f(q, K) = 8fu(h).

The parameter 8 is given graphically in Fig. 10 as a
function of the parameters K and b while the function
f,(k) is given graphically in Fig. 11 asa function of the
parameters k, K and b. The formulas for 8 and for
fi(k) are given in Appendix 11. The parameter h is de-

fined by the following equation:
B = We?/(kaN)VS = () Kg.  (21)

In order to determine the factor f(g, K) graphically
for all valucs of the antenna height below the line of
sight, the following procedure may be followed. First,
calculate the antenna height in feet corresponding to
g=1 by using (6a) or (6b). Then, using transparent
log-log graph paper similar to that of Figs. 7, 8, and 9,
label the ordinates from 0.1 upward and the abscissas
in terms of antenna height expressed in feet. Now
supcrimpose the log-log chart over Fig. 7, shifting it
vertically until the corresponding ordinates are lined
up and shifting it horizontally until the value of an-
tenna height calculated for g=1 coincides with that
value. Now a curve may be traced on the log-log

(20)
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Fig. 8—The variation of field intensity with numerical antenna height at points beyond the line of sight (b=0° and 30°).

graph paper showing the height-gain factor f(¢) as a
function of the antenna height %k, expressed in feet.
In order to determine the modifications of this curve
at the larger antenna heights due to the curvature
of the earth, determine by means of (21) the an-
tenna height corresponding to =1 and at this height
plot the appropriate value of § as ordinate on the
log-log graph sheet at this height. Now superimpose
the log-log graph sheet over Fig. 11, shifting it
vertically and horizontally until the point plotted on
the log-log graph sheet corresponds to the point on
Fig. 11 at which the unit ordinate and the unit ab-
scissa cross. Now a curve may be traced from Fig. 11
which will merge with the f(g) curve already drawn
for a plane earth. The height at which these two curves
merge determines the maximum height for which the
methods of Part II may be used. For larger heights the
following modified procedure must be used both for
points within and beyond the line of sight.

The distance dp to the optical horizon for an antenna
at a height 4 is given by the following formula which

includes the systematic effects of air réfraction by us-
ing the effective carth’s radius ka.

do = A/2kak [k < 20,000 feet (22)
so that the distance dy, to the line of sight is
dir = A/2kah, + \/2kah,. (23)

Now at points within the line of sight, the curvature
of the earth has three effects on the propagation of
radio waves for high transmitting or receiving anten-
nas. First, the -planc-wave reflection coefficient of the
ground-reflected wave is different for the curved surface
f)f the carth thanfora planesurface; this effect is of little
importance, however, under the circumstances nor-
mally encountered in practice and will be neglected in
this discussion. Second, since the ground-reflected
wave is reflected against the curved surface of the
earth, its energy is diverged more than would be indi-
cated by the inverse-distance law (1/r2) and we must

multiply the ground-reflected wave by a divergence
factor D.
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2d,d;
D= [1 + (24)

—-1/2
kad tan w] '

The distances d; and d, and the angle ¥’ are defined
in Fig. 12. Finally, for a spherical earth, the heights of
the transmitting and receiving antennas k' and hy'
above the plane which is tangent to the surface of the
earth at the point of reflection of the ground-reflected
wave, are less than the antenna heights h and k.
above the surface of the carth.

W= - E (25)
P 2k
ds?
B = By — 26
2 2 2ka ( )
— B+ kR /7% -
an —_————— = —— = ——
! d dy  d, (27)

Thus, with high antennas, (1) must be modified as
follows to determine the ground wave at points within
the line of sight:

E,
= 7[ cos? e 1'N 4 DR’ cos? /e A

+ (1 _ R’)f(P, B) cosz,pz’ei[zr(n’lk)-f-él l (28)

where
¢ tan ¥o' > (\/2wka)'/3,

The following expressions for the reflection coefficient
are convenient for calculations in this case:

~
™ x COS b’] 12

1 0 i(r/4—b/2) —
sin l,/z o ) bH e 1 '
4 s (vertical
Ri=— Vel o) (299)
"x cos b’ /2 polarization)
sinyq’ - eArl4-bI2) 41
LCOS b’

[cos b’ /2
sin ¥’ L ] e ir/a-bi)
R —— = (horizontal ) (20b)

cos b3 polarization
sin ,p{[ ] e—l(rld—b'12)+1

Equation (28) nceds to be used in place of (1) only for
high antennas, as discussed carlier in this section, and




——————-1(

632 Proceedings of the I R E.

it also is restricted to points well within the line of
sight; in fact, as the distance is increased we reach a
point where the decreasing divergence factor D tends
to increase the calculated felds more rapidly than the
decreasing primed values of antenna height decrease it
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Fig. 10—The parameter 8 as a function of K and b.
Sece also Appendix 111.)

This occurs at the distance where tan .’ = (A /2rka)"?
so that (28) is limited to distances such that tan ¢,
is less than this value. Since (28) is to be used only for
high antennas, the surface-wave term is usually not
important;in that case and with the further restriction
to large distances such that tan ¢.'<0.1, (28) may
be written as follows:

Eo N ’ ’
= [1 4 DR eisem m' (30)

A 1/3
( ) <tanyy < 0.1
2rka

where

Equation (30) shows that the received ficld oscil-
lates with distance between the values

‘M+p|R|] (31a)
and K
E= d’“[l - D|®|] (31b)

Equations (31a) and (31b) thus define the envelope of
the oscillations of the received field.

If we write R'=~=|R'| e and 0=drh’'hy'/Nd,
then (30) becomes

E = Z [t + (D[ R'[)? = 2D| R'| cos (0 = )] (32)

where

A (VR
( ) < tan .’ < 0.1,
2rka

The above completes the discussion of the region
within the line of sight. At points beyond the line of
sight the following procedure may be followed. First
calculate the field intensity at the distance corre-
sponding to n’ =2 by the following formula:

December

I'],‘..' ~ .’.I‘um.ﬁﬂ([h /\) ﬂl/,, A) (“)

At large distances beyond the line of sight the held
intensity may be computed by means of the following
simple forumla

S6.06200 T
I' - I’.(",_: 7 (34)
N7

where

(1 ~ (1/, '{ ls Iﬁom‘

The following graphical method may also be used
for calculating the ground wave at points beyond the
line of sight. Iirst at the distance given by (17) plot
the value of field intensity as given by (33) on trans
parent log-log graph paper like that of Fig. 4. Next
superimpose  this log-log graph sheet over Fig. 4,
shifting it vertically and horizontally until the point
calculated from (17) and (33) coincides with the curyve
on Kig. 4 at 9’ =2. Now the curve on Fig. 4 may be
traced for distances greater than (d,4+1.5/8,n.) to give
ficld intensity versus distance at very large distances.
At short distances within the line of sight the methods
discusscd in the first part of this section may be used
to determine the ficld out to the distance such that
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Fig. 12 Ceometry for spherical-carth caleulations at
points within the line of sight

tan o' = (N/2xka); from this point out to the dis-
tance (d,41.5/8,1,) a smooth transition curve mi 1y I
drawn. This transition curve will always lic below the
point determined by (17) and (33). Thus a complete
determination of field intensity versus distance has
been obtained in this high-antenna case; the only ap-
proximations lic in drawing the intermediate-distance
curve and this may be done with considerable ac
curacy in practice. The alternative to the above ap.
proximate graphical method of solution for the field in
this intermediate r range of distances consists of a long
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it also is restricted to points well within the line of
sight; in fact, as the distance is increased we reach a
point where the decreasing div ergence factor D tends
to increase the calculated fields more rapidly than the
decreasing primed values of antenna height decrease it
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Fig. 10-—The parameter 4 as a function of K and b.
(PSoe also Appendix 111.)

This occurs at the distance where tan ,’ = (\/27ka)!?
so that (28) is limited to distances such that tan 2
is less than this value. Since (28) is to be used only for
high antennas, the surface-wave term is usually not
important; in that case and with the further restriction
to large distances such that tan ¥.'<0.1, (28) may
be written as follows:

E =

A /3
< ) < tan o’ < 0.1,
27ka

Equation (30) shows that the received field oscil
lates with distance between the values

Eo ! oidwhy’ ha' [nd
»d'1+DRe""’ (30)

where

E

E = d°[1+DiR'|] (31a)
and E

E= d" [1=D|R]]. (31b)

Equations (31a) and (31b) thus define the envelope of
the oscillations of the received field.
If we write R'=— | R'l e and 0=4xh,h,'/\d

then (30) becomes

B= ?[1 4+ (D| R'| )2 — 2D| R'| cos (0 — ¢)]'2 (32)

where

A /3
< ) <lan¢g'<0.1.
2wka

The above completes the discussion of the region
within the line of sight. At points beyond the line of
sight the following procedure may be fpllowcd. First
calculate the field intensity at the distance corre-
sponding to 7’ =2 by the following formula:
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‘curacy in practice,
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2Egmovf(q1, K) fg2, K).

At large distances beyond the line of sight the field
intensity may be computed by means of the following

Eyrany (33)

simple forumla:

h [so.oozoe (2 ”“]
J2 " -
. V1

d>d;,+ 1.5/Bme.

(34)

where

The following graphical method may also he used
for calculating the ground wave at points beyond the
line of sight. First at the distance given by (17) plot
the value of field intensity as given by (33) on trans-
parent log-log graph paper like that of Fig. 4. Next
superimpose this log-log graph sheet over Fig. 4,
shifting it vertically and horizontally until the point
calculated from (17) and (33) coincides with the curve
on Fig. 4 at "=2. Now the curve on Fig. 4 may be
traced for distances greater than (dy+1.5/8.n,) to give
ficld intensity versus distance at very large distances.
At short distances within the line of sight the methods
discussed in the first part of this section may be used
to determine the field out to the distance such that
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Fig. 12 Geometry for spherical-earth calculations at
points within the line of sight.

tan Yo' =(\/2rka)!; from this point out to the dis-
tance (dL+1.5/6,,n,,) asmooth transition curve may be
dr{lWﬂ. This transition curve will always lic below the
point determined by (17) and (33). Thus a complete
determination of field intensity versus distance has
bccn.obtaincrl in this high-antenna casc; the only ap-
proximations lie in drawing the intermediate-distance
curve and this may be done with considerable ac-
. The alternative to the 'above ap-
prpx.nmatc graphical method of solution for the field in
this intermediate range of distances consists of a long
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and tedious process of computing and adding (in
proper phase) long series of terms, this latter method
constituting the only other means of arriving at an
accurate solution.

PaArT IV. EXAMPLES OF THE CALCULATION OF
GROUND-WAVE FIELD INTENSITIES

The graphical methods to be described below are all
carried out on log-log paper. This has several ad-
vantages. For example, in plotting field intensities, it
is usually desirable to plot a value of 1000 millivolts
per meter to the same percenlage accuracy as a value
of 1 millivolt per meter; this can only be done on a
logarithmic ficld-intensity scale since a given per-
centage error, say 10 per cent at the 1000-millivolt-
per-meter level represents the same linear distance on
the logarithmic graph paper as 10 per cent at the
1-millivalt-per-meter level. Furthermore, if, after hav-
ing determined a ficld-intensity curve for one value
of the radiated power, we wish to determine it for
some other value of the power, the curve of field
intensity versus distance will have exactly the same
shape for the two powers when plotted on a loga-
rithmic scale; thus it will only be necessary to de-
termine the effect of the increased power at a single
distance, say 1 mile, and then shift the entire curve
a lincar distance upward on the logarithmic scale until
it passes through the appropriate field intensity at one
mile. Also, if we use a logarithmic distance scale as
well as a logarithmic field-intensity scale, then curves
of field intensity plotted as a function of the distance

expressed in wavelengths, for example, will have the,

same shape as the same values of field intensity
plotted as a function of the distance expressed in miles,
or kilometers, or feet.

Several examples of the computations necessary
when using the graphical method will now be given.
In these examples the effective radius of the carth is
assumed to have its average value, i.e., 4/3 the actual
radius, so that ka=5280 miles; the velocity of light
taken as 299,776 kilometers per second; the fre-
quency fm. expressed in megacycles per, second; the
distance d expressed in miles; and all antenna heights
expressed in feet.

(@) 500 Kilocycles over Sea Water
(10 miles to 2000 miles)

In this case the transmitting and receiving antennas
will be near the surface of the ground and will be ver-
tically polarized. Thus we are dealing with the surface
wave. For 1 kilowatt radiated from a short vertical
antenna over a perfectly conducting earth 2E,=186.3
millivolts per meter at 1 mile; it is more convenient,
however, for many purposes to calculate the ground-
wave field for 2E,=100 millivolts per meter at 1 mile.
Thus in Fig. 13 the straight line marked “Inverse Dis-
tance” is obtained simply by means of the formula F
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(Inverse Distance)=100/d. The ground conductivity
for sea water o =5 X 10~!! electromagnetic unit and the
dielectric constant ¢=80. Thus we obtain

1.79731-101 Ge.m.u.

Some
tan b’ = (e — 1)/x = 0.0004395;
b = 0°130";
tan b’ = ¢/x = 0.000445;

x = = 179,731

cosb =1

b’ = 0°1'30"; cos b’ =1
x cos b’
— = 179,731
cos? b"’
0.0592922 xcos b’ )
dipmy = ———— ——— = 21,300 miles

cos? b’

fme
b=2b" — b =0°130".

From the above we see that, since the distance at
which the numerical distance p=1 is 21,300 miles, p
will be very small (less than 0.1) throughout the entire
range of distances under consideration, i.e., from 10 to
2000 miles. Reference to the b=0° curve on Fig. 2 will
show that there is practically no plane-earth attenua-
tion at distances less than 2000 miles since the b=0°
curve is practically coincident with the inverse-dis-
tance line for »<0.1. This plane-earth attenuation
curve is nevertheless shown as a dotted line on Fig.
13 in order to illustrate this point. It was obtained by
superimposing the log-log graph sheet of Fig. 13 over
Fig. 2, shifting it horizontally until the abscissa cor-
responding to a numerical distance p=0.01 on Fig. 2
coincides Wwith deo.on=213 miles and shifting it
vertically until the two inverse-distance lines coincide.
Now the curve corresponding to b=0° was traced on
Fig. 13.

Since there is practically no planc-earth attenuation
we turn to calculations showing the effect of the curva-
ture of the earth.

0.0177737xcos b']/?
K = aﬁ[ —— | =9.49
cos? b’
no = 5.77469-10 ‘3f,,.c”3 = 0.00458 (mile)~L.

Referring to Figs. 5 and 6 and using the above values
of K and b we obtain 8,=0.6855 and ¥ =0.0302. Thus
we can calculate the field intensity and the distance at
which n' =2,

E(y=2y = 2Egey = 0.01384 millivolt per meter
d(.,l-z) = Z/ﬂono = 636.5 miles.

After plotting this point on Fig. 13 it is only nccessary
to superimpose it on Fig. 4 and shift it vertically and
horizontally until the plotted point coincides with the
curve on Fig. 4 at the point n’ =2. For 7' >2 the single
curve on Fig. 4 is then traced to give ficld intensity
versus distance in miles at large distances. For n'<2
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and tedious process of computing and adding (in
proper phase) long series of terms, this latter method
constituting the only other means of arriving at an
accurate solution.

ParT IV. ExaAMPLES OF THE CALCULATION OF
GROUND-\WAVE FIELD INTENSITIES

The graphical methods to be described below are all
carried out on log-log paper. This has several ad-
vantages. For example, in plotting field intensities, it
is usually desirable to plot a value of 1000 millivolts
per meter to the same percentage accuracy as a value
of 1 millivolt per meter; this can only be done on a
logarithmic field-intensity scale since a given per-
centage error, say 10 per cent at the 1000-millivoit-
per-meter level represents the same linear distance on
the logarithmic graph paper as 10 per cent at the
1-millivalt-per-meter level. Furthermore, if, after hav-
ing determined a field-intensity curve for one value
of the radiated power, we wish to determine it for
some other value of the power, the curve of field
intensity versus distance will have exactly the same
shape for the two powers when plotted on a loga-
rithmic scale; thus it will only be necessary to de-
termine the effect of the increased power at a single
distance, say 1 mile, and then shift the entire curve
a linear distance upward on the logarithmic scale until
it passes through the appropriate field intensity at one
mile. Also, if we use a logarithmic distance scale as
well as a logarithmic field-intensity scale, then curves
of field intensity plotted as a function of the distance
expressed in wavelengths, for example, will have the
same shape as the same values of field intensity
plotted as a function of the distance expressed in miles,
or kilometers, or fcet.

Several examples of the computations necessary
when using the graphical method will now be given.
In these examples the effective radius of the earth is
assumed to have its average value, i.e., 4/3 the actual
radius, so that ka=5280 miles; the velocity of light
taken as 299,776 kilometers per second; the fre-
quency fn.. expressed in megacycles per second; the
distance d expressed in miles; and all antenna heights
expressed in feet.

(a) 500 Kilocycles over Sea Water
(10 miles to 2000 miles)

In this case the transmitting and receiving antennas
will he near the surface of the ground and will be ver-
tically polarized. Thus we are dealing with the surface
wave. For 1 kilowatt radiated from a short vertical
antenna over a perfectly conducting carth 2F,=186.3
millivolts per meter at 1 mile; it is more convenicent,
however, for many purposes to calculate the ground-
wave field for 2E,= 100 millivolts per meter at 1 mile.
Thus in Fig. 13 the straight line marked “Inverse Dis-
tance” is obtained simply by means of the formula /£
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(Inverse Distance)=100/d. The ground conductivity
for sea water ¢ =5 X 10~!! electromagnetic unit and the
dielectric constant e¢=80. Thus we obtain

1.79731-10% 0o.m.0.
— o= - el e o3t

fmc
tan ' = (e — 1)/x = 0.0004395;
b = 0°1'30"; cosb’ =1
tan b” = ¢/x = 0.000445;

b = 0°1'30"; cos b’ =1
xcosh’
= 179,731
cos? b’
0.0592922 xcos b’ y
&ip=1) S = 21,300 miles
Sme cos? b -
b=2" — b =0°1'30".

From the above we see that, since the distance at
which the numerical distance p=1 is 21,300 miles,
will be very small (less than 0.1) throughout the entire
range of distances under consideration, i.e., from 10 to
2000 miles. Reference to the b =0° curve on Fig. 2 will
show that there is practically no plane-earth attenua-
tion at distances less than 2000 miles since the b=0°
curve is practically coincident with the inverse-dis-
tance line for p<0.1. This plane-earth attenuation
curve is nevertheless shown as a dotted line on Fig.
13 in order to illustrate this point. It was obtained by
superimposing the log-log graph sheet of Fig. 13 over
Fig. 2, shifting it horizontally until the abscissa cor-
responding to a numerical distance p=0.01 on Fig. 2
coincides with d-0.my=213 miles and shifting it
vertically until the two inverse-distance lines coincide.
Now the curve corresponding to b=0° was traced on
Fig. 13.

Since there is practically no plane-earth attenuation
we turn to calculations showing the effect of the curva-
ture of the earth.

0.0177737xcos b’ 7)'/?
K = =i =9.49
Jaagl? cos? b’

no = 5.77469-10%f,.'/* = 0.00458 (mile) .

Referring to Figs. 5 and 6 and using the above values
of K and b we obtain 8,=0.6855 and y =0.0302. Thus
we can calculate the field intensity and the distance at
which ' =2.

E(yr=2y = 2Emoey = 0.01384 millivoit per meter
d =2y = 2/Bomo = 636.5 miles.

After plotting this point on Fig. 13 it is only necessary
to superimpose it on Fig. 4 and shift it vertically and
horizontally until the plotted point coincides with the
curve on Fig. 4 at the point n’ =2. For 7’ >2 the single
curve on Fig. 4 is then traced to give ficld intensity
versus distance in miles at large distances. For ' <2
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the lower curve on Fig. 4 should be traced since K is
comparatively large. It will be noted that the straight
line on Fig. 4 marked (Plane Earth K= ©) is very
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Fig. 13—Example illustrating the graphical method of calculating
ground-wave field intensity versus distance; frequency: 500
kilocycles, ground conductivity: ¢ =5X 101 electromagnetic
unit, ground dielectric constant: ¢=80; these ground constants
are those of sea water.

500 2000

nearly coincident with the inverse-distance line; this
will always be the case for large values of K.

(b) 1120 Kilocycles over Land: o =9 X 10~1 electromag-
nelic unit, e=21
(1 mile to 200 miles)

In this case we proceed in exactly the same manner
as before and calculate the following quantities:
x=144; tan b'=0.1385; b'=17° 53’; cos b'=0.9905;
tan b"=0.1454; b"=8° 16’ 20", cos b"=0.9896;
x cos b’/cos? b* =146; dp—y) =17.73 miles; b=8° 39’ 40”;
K =0.2069; 7, =0.005997(mile)~!; B.=1.44;
Y. =0.00348; E(n' =2)=0.002087 millivolt per meter;
d(y-2=231.6 miles.

On Fig. 14 an inverse-distance line is drawn as be-
fore corresponding to 2E,=100 millivolts per meter
at 1 mile and the distance at which p=1 marked off.
Now by superimposing this figure over Fig. 2 we can
trace a curve which lies approximately half way be-
tween the curves corresponding to $=0° and b=15°,
This gives a curve showing the expected field over a
plane earth,

Next, by plotting the computed value of the field
intensity at n’=2 we can use Fig. 4 to determine the
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field intensity over a spherical earth. For distances
greater than 200 miles, the single curve on Fig. 4 can
be traced. For shorter distances, it is necessary to draw
a smooth curve between the plane-carth curve and the
spherical-earth curve. This curve is shown as a solid
line between 20 and 200 miles. Also shown on this
figure for reference are the plane-earth curve and the
two branches of the spherical-carth curve at short dis-
tances. The field at intermediate distances does not
coincide with cither branch of the spherical-earth
curves of Fig. 4 since K is ncither very small nor very
large.

The solid curve on Fig. 14 gives the surface-wave
ficld intensity to be expected over an carth of conduc-
tivity ¢ =9 X 10~Y clectromagnetic unit and a dielectric
constant €=21. In order to determine whether this
field intensity might be expected to change with the
height (not the length) of the transmitting or the re-
ceiving antenna we compute the height at which ¢=1.

156.531x cos b’
higyy = [

Sme

Referring now to Fig. 7 we sec that the field intensity
will not change appreciably with receiving-antenna

1/2
; b"] = 1689 feet.
Cos

100,000 g
50,000 [—

20,000
10,000
5,000 -

1 ¥ 1
FEHIES

i
2,000 ~] {-—
i+ SPHERICAL EARTH,
=3 : &
$

1,000 |
500 |—+

1
i Ka g
= %ﬁt;“t‘” =
i e
200 |— —
=1 =ttt L =

100

S(n'=2)
fn'=2)

MICROVOLTS PER METER

005

002
0.01
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Fig. 14—Example illustrating the gr. hical i
P e g the graphical method of calculating

cast frequency 1120 kilocycles for the ground const
g=9X10™1 electromagnetic unit and e=21.g : retants

height over a very extended range when »=8° 39’ 40",
For example, ¢ =0.0592 at 100 feet and at this height
the field intensity is only about 2 per cent lower than
the value at the surface.
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(c) 46 Megacycles over Land: o =5X10"" electromag-
netic unit, e=15, vertical polarization

(1 mile to 200 miles)

Although the surface wave is a negligible component
of the received field intensity in this case, it is simplest
to determine the surface wave first and then to use a
height-gain curve to determine the field intensity
for elevated transmitting and receiving antennas. Thus
we compute the following quantities: x=1.954;

tan b’ =7.166; b'=82° 3’ 20"; cos b’ =0.1382;
tan b"=17.678; b"=82° 34’ 50”; cos b"=0.129;
x cos b'/cos®”=16.19; dp-1)=0.02086 miles;
b=83°6'10". :

Since the distance at which p=1 is very small, we
see that p is very large even at a distance of 1 mile.
When p is greater than about 20, we see by Fig. 2 or
by reference to (48) that the attenuation factor for the
surfacc wave over a plane earth may be expressed
simply as 1/2p. Thus, the field intensity versus dis-
tance for the surface wave over a plane earth may be
expressed as

T (plane-earth surfacewave; p > 20).
If we take Eo=137.6 millivolts per meter which is
the free-space field intensity at 1 mile corresponding
to a power of 1 kilowatt radiated from a half-wave
dipole, we obtain the following expression for the
plane-earth surface-wave field intensity:

.87
E = — millivolts per meter

(plane-earth surface wave; d > 0.4 mile).

This is shown on Fig. 15 as a straight line. To deter-
mine the effect of the curvature of the earth on the
surface wave we determine the following quantities:

K =0.01996

n¢ =0.02069 (mile)?
B, =1.587
v=3.014-10-8

E(, -2 =0.0001716 millivolt per meter
d(y ~2 =60.9 miles.

The effect of the earth’s curvature is obtained, as
before, by tracing Fig. 4 on Fig. 15 with the field in-
tensity at #” =2 lined up on the two sheets. This time,
since K is very small, the upper branch of the curve on
Fig. 4 may be traced for 7"’ <2 and the planc-earth
curve marked K =0 on Fig. 4 will be found to be prac-
tically coincident with the planc-carth surface-wave
curve alrecady drawn on Fig. 15.

In order to extend the above results to elevated
transmitting and receiving antennas, it is necessary to
determine the height-gain function. For this purpose
we need to compute the following quantities:

Norton: Ground-Wave Field Intensity
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hg=1y =13.69 feet
§=16.38
k) =29,987.7 /P32 =927 feet.
The height-gain function for a plane earth was de-
termined on Fig. 16 in the following way. After la-

beling the ordinates and abscissas as shown, Fig. 16
was superimposed over Fig. 7 and shifted horizontally

1,000,000 —_—= :
= :
500,000 = == t
200,000 [~ =
\
100,000 - -
~ INVERSE OISTANCE =
50,000 ~_ 2E,=275.2 MV/M AT ONE MILE
20,000 S
& N \\
@ 10,000 i
w ~
- 5,000 ~ = $
g S F= 2000 FEE =3
~ - =
2,000/1=] 'y h=30 FEET
@ N hY IR
& 1,000 « bbb e
& so00 = Nfton e [rva) 3
< TTT
@ N \ nl|
200
- A N WERLL
3 100 N N i 30" 2000 ]
2 SPHERICAL EARTH SF o= 25 FEET BEC(n'g)
o 50 K= QORI i h,= 35 FEET
v S N
© 20 L \
= o 14 N 4 el
. ==
" PLANE ]
N\’ EARTH
2 5N K SURFAC
| \ N\ WAVE
0.5 ' == =
OF2 d'(nfz,s - b o
o E()=2) 4
| 2 s 10 20 50 100 200
MILES

Fig. 15—Example illustrating the graphical method of calculatin
round-wave field intensity versus distance at the ultra-hig
requency 46 megacycles for vertical polarization over average

land with the ground constants ¢=5X10"" electromagnetic
unit and e=15. (Note that the curves for the various trans-
mitting-antenna heights are drawn for a fixed value of
2E¢=275.2 millivolts per meter at one mile and not for a
fixed value of radiated power; for the lower antenna heights
2E, would be less than 275.2 for 1 kilowatt radiated from a
half-wave dipole.)

until the height 13.7 feet on Fig. 16 coincided with the
abscissa ¢g=1 on Fig. 7. Then a curve was traced cor-
responding to b=83 degrees. This curve gives f(q),
i.e., the field intensity relative to the surface-wave
value over a plane earth as a function of the antenna
height in feet. Next, in order to extend this curve to
the case of a spherical earth, we plot the value § =16.38
at the height k-1 on Fig. 16 and superimpose it over
Fig. 7. Fig. 16 is then shifted vertically until the ordi-
nate on Fig. 16 at § =16.38 coincides with the ordinate
filth)=1 on Fig. 11 and shifted horizontally until the
abscissa hg-y =927 feet coincides with the abscissa
k=1 on Fig. 11. Then the curve corresponding to
K =0 is traced to give f(g, K), i.e., the field intensity
relative to the surface-wave value versus antenna
height over a spherical earth. For example, to deter-
mine the received field foratransmitting-antenna height
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of 25 feet and a receiving-antenna height of 35 feet we
find that the factors on Fig. 16 are 2.02 and 2.67 so that
the ficld at these heights will be 2.02X%2.67 =5.393
times the values given for the surface wave on Fig. 15.
A curve is drawn on Fig. 15 to show these valucs.
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Fig. 16—Example illustrating the graphical method of calculating
E{ound-wave field intensity versus antenna height at the ultra-
igh frequency 46 megacycles for vertical polarization over
average land with the ground constants ¢=5X10"" electro-

magnetic unit and e=15.
’

These height-gain functions may be used only for
distances such that >100(g1+¢z) and p>10g,g.. For
the antenna heights of 25 and 35 feet we find that
q1=25/h(4=1y=1.825 and ¢, =2.555 so that p must be
greater than 438. Since d(,-1)=0.02086 mile, p will be
greater than 438 at a distance of 9.14 miles. This lim-
itation on the use of the height-gain function is
caused by the fact that, for these antenna heights, it
is not permissible to set the ground reflection coef-
ficient equal to —1 at distances less than 9.14 milcs.
Thus it becomes necessary at shorter distances to use
the exact formula as given by (1). As an example of the
method of computation by means of (1), a value of E
will be determined for a distance of 1 mile for the
antenna heights, 25 and 35 fcet. At 1 mile p=47.94
and we can computc R by means of (3). Thus,

_0.04568 | 3°26'55" —1  —0.9544| —0°9'50"
T 0.04568( 3°26/55" 41 1.0457 | 0°00”
=—0.9128| —0°18'50"
1—R=12/1.0457]0°'0"=1.9128 | —0°9'0"".
By (10) it can be determined that P=52.41,

B=83°24' 10", so that
(1—R)f(P, B)e!*=—0.01825 | —83°33'10".

Now, since cos ¥.=21, and since 2w (re—r)/\ corre-
sponds to an angle of 2°47’ 25" we obtain by (1)

E =137.6 |1 — 0.9128 | — 0°18'50" + 2°47'25"
— 0.01825 | — 83°33'10” + 2°47'25" |
137.6] 0.08512 — 70.02158 |

12.08 millivolts per meter.

December

Comparing this value with the surface-wave value at
1 mile (2.87 millivolts per meter) we find that their
ratio is 4.21; thus the effect of raising the antennas
at a distance of 1 mile is somewhat less than at the
larger distances. A dashed curve is drawn on Fig. 15
between 1 mile and 9 miles to indicate that it was ob-
tained by (1).

Consider next a transmitting-antenna height of 2000
fect and a receiving-antenna height of 30 feet. It
should be noted on Fig. 16 that the ficld intensity at
2000 feet relative to the surface-wave value is greater
for a spherical carth than for a plane earth. Whenever
we are dealing with high antenna heights so that the
height-gain function for either the transmitting or
receiving antenna is different over a spherical carth
than over a plane carth, then the methods of Part 111
must be used.

First we find that the distance to the line of sight
may be determined as follows:

dL = \/2/11 + \/‘21-12 =

so that Iig. 4 may be traced for distances greater than

A/60 4 /4000 = 71 miles

(1,,. e (1L + 1.5/ﬂ0n0 = 117 m“CS.

From Fig. 16 we find that the height-gain factors
flg, K) for 30 fect and for 2000 feet are 2.353 and
310.3 so that the ficld intensity, at the distancen’ =2,
is E(n'=2)=0.0001716X2.353X310.3=0.1253 milli-
volt per meter. This field is plotted at the distance
60.9 miles and Fig. 15 is then supcrimposed over Fig.
4 and the curve traced for the distance d > 117 miles.

Next, at points within the line of sight, the ficld in-
tensities are calculated by means of (32). The results
obtained by this process are given on Fig. 15 as small
circles for the distance range from 1 to 41 miles. The
process followed in calculating these points will be out-
lined below for the distance 20.333 miles. k' and hy'
arc first calculated as follows.

First, arbitrarily sct dy =20 miles and calculate Iy,
tan ¢’ I/, d, and D.

2

d
B =y — = 2000 — 200 = 1800 feet

(5280 tan ') = hy'/d, = 90

tan ¢’ = 0.017045
d, > [(5280 tan ¥a)? + 20, )12
— 5280 tan ¥y’ = 0.3327 mile
dj®
hy' = hy — - 29.945 feet
d = dy 4+ dy = 20.333 miles
b [1 2y ] 12
d(5280 tan y,')
(11(12

IR

— - = ().9964
d(5280 tan y,')
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1.3865-1074hy" hy'fmc/d
16.907 degrees.

If we write

R=—|R|e

then we can calculate for tan y,'=0.017045 and for
x=1.9536, e=15:
| R| =0.871, ¢=0.48°, 6—c=16.427°

e}
Il

E
711’[1 + (D| R|) — 2D| R| cos (8 — o) ]2

= 1.98 millivolts per meter.

Calculations similar to these may be carried out for
distances out to the point at which tan ¢4 = [\/2mka ]!/,
This occurs at a distance of 41 miles in this case and it
is evident that the calculated field is slightly too high
at this point. Between the point at 36 miles at which
the above process fails and the point at the distance d,
a smooth curve must be traced since no simple methods
of calculation are available for this region. This curve
will always lie below the point Efy'.; when the height-
gain function for either hjor ks is substantially different
in the plane- and spherical-earth cases.'
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APPENDIX |

The Height-Gain Function for a Plane Earth

At the higher frequencies, the numerical distance
p is usually quite large. Thus, when p»>20 and
p>100(g1+¢2), we can write

2T drhihgy 0192
— (g — 1 g = 35
\ (r2 1) > 7 (35)

1

f(P, B)ei® = — —27)' e B — — it (36)
R=—-1+ i+ q) eitr14=b12) (37)

?
1— R=2. (38)

At the large distances at which these relations apply,
we also have cos Y¥,=<cos ¥,=<1, and when the above
relations are substituted in (1) we obtain

14 The effect of the curvature of the earth is considered in a
somewhat different manner in a recent paper by C. R. Burrows
and M. C. Gray, “The effect of the earth's curvature on ground-
wave propagation,” Proc. L.R.E., vol. 29, pp. 16-24; January,
1941, In this paper the field intensity is determined by multiplying
together several factors: a free-space field factor, a plane-earth at-
tenuation factor, a shadow factor, and two height factors. Methods
are not given for calculating the field in those cases where this
type of separation into factors cannot be made.
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14 { —1 +q_l_-tq_2 ei(x/4-b/2) _.l e—ib}ei(qmlp) I (39)
p p |

Exl

where
p>20 and p> 100 (g1 + g2).

Now at sufficiently large numerical distances such that
»>10 q1q2, (39) becomes

~E01q1+Q2 _thz'

1
ei(rI4—b12) — —_ g—ib

S| 40
di p p W
2E,| 1 .
Ex—|[——e) [1 — i(r/4+b/2)
2 (- 55) 1= @+ o
+ qlqzei(rlﬂ—b)] . (41)

Finally, if we write

1@ El 1 — qei(rIH—bIZ)l )

T b 12
= [1 + ¢ — 2qcos (—4— + —2->:I , (42)

equation (41) becomes

2E,
= 7!(1’, b)- f(g1)- f(g2)* (43)

where p>20; p>100(qi+g¢2) and p>10gqig:. This
equation shows that, for sufficiently large numer-
ical distances over a plane earth, the field intensity
may be computed as the product of three factors: (1)
The surface-wave field intensity (2Eo/d) f(p), (2) the
height-gain function f(g:) corresponding to the trans-
mitting antenna height ki, and (3) the height-gain
function f(g:) corresponding to the receiving-antenna
height hs.
ArpENDIX II

This appendix contains the formulas and series ex-
pansions for the functions which were given graphi-
cally in the various figures. These equations are not re-
quired for obtaining the solution by the graphical
method but are given to show the basis for the graphs
and to make possible more accurate computations if
that is considered desirable.’®

1(p, b)ei* = 1 + iv/mpy e ™ erfc (— iVp)  (49)
2 0

erfc (x) = -——f e “*du (45)
TV 2

p1 = pe'. (46)

Note that when ¢ or g; are appreciably different
from zero, p should be replaced by P and b by B (see
equation (10)). Equation (44) has the following series
expansions:

f(p, b)e'* = 1 + in/xpie ™ — 2p;
@p0: _ (2
1-3 1-3-5

15 A table of the function f(p, b) is given in Part | of the paper
referred to in footnote 9.

R (47)
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The above series is applicable for all values of p but

convergesvery slowly for large values of p;the following

asymptotic expansion may be used for large values of

p:

1(p, b)e's = LN
200 (291)* (2p0)?

1-3.5-7

— ., (48
(2p1)* 4

The parameter ro=ao+4i8, is defined to be the
root of the following equation:
1Y [A(= 2r0)in2]
— K\/:f;oe‘“'""“”’ll‘;’[}(— 2,0)3121' (49)
The functions F1‘) and 11} are the Hankel functions

of orders { and 1, respectively. The following series ex-
pansions may be derived from (49):

To=1.8557585 ¢(*/9 — K gidr/a—b/2)
—1.2371723K %4 7r/13-3b/2)
+0. 5K4¢i(r=25 — 3 7550715 K bei(sx/12-86/)
+2.8867355 Koei(5/6-30) 46 S806390K Tei (5r/4+-74/2)
+13.3161793K8¢ -y .. . (50)

The above equation is useful for small values of K
while the following equation may be used for large
values of K.

. 0.61834008
70=0.8086165174¢ (/%) —- X

0.053338757

ei(blZ—latl 12)

0.23641890
______ S el(b—f’2)+ -
K? K3

0.0022553514 0.0024693571

ei(abl2—llrllZ)

— pi(2—4x/3) i(bb/2—3x/4)
K 4 + T e
0. 000:39940653 Jr——
K¢
+.0'.0902120150 ei(T6/2—Tx/12)
K7
0.00046148795
—~———'Ks~ —— e .., (51)

The parameter v is defined by the following equa-
tion:

v=0.030046482
1/2
] . (52)

At points beyond the line of sight, the height-gain
function f(g) also depends upon K. Thus we may write
for small values of K

Bo
' [[o:o‘+sin b/2K?]" + [Bo—cos b/2K?]"

December

|
f(q' K) s " 1—qe‘(1/‘+b/!)+q1K’To

q'K'<1+T° i« /cob/z))+q‘K‘< 1y 5
- —e''r T
3 K 6 \" " 12r

e TI4H812)  (Qpilrlets/2)
+ - )+ (53)
K SKT()'

For large values of ¢, the parameter b is more con-
venient for the graphical solution and we may write

Slg, K) = &-fi(h) (54)
Sy = | (3/80)112- 119 [(3)¥12/3] | (55)
2(2m)23 )
Yy =2Kqg— 27 = — 27 (56)
Bo?
5 = | (Bo/2r0) /1Y [A(— 200)22]|.  (57)

The following asymptotic expansion for fi(h) may be
used at the large heights where (53) is no longer ap-
plicable,

10.20833333
Ji(h) = | (6/7Bo) 112y 1145213 [1_ s
Y

0.33420138 11.02581257

},8 y9l2
4.66958443
v +] (58)

Scries expansions are also available for the Hankel
function appearing in (57)

15[}~ 2r0)2)
= 2.001475Ke* /442 (1 4 0,26943162 Kei (5= /12-5/2)
— 1.7468684 K 2¢i(5v/6—b)
+ 0.11776928K3¢i (=143 4 . . .y, (59)

The above series is applicable for values of K less than
about 0.3 while the following scries may be used for
values of K greater than 1.

(¢)]

Iy [}(— 270)22]

0.38234445

o ei(bl2—l7rll2)

= 1.8383752¢ix/s [1 +

0.056298160

eitb—urion | .. :l (60)
K?

AprPENDIX 111

The following tables of the values of the paramcters
o, B, v, and § will be useful for engineers who may wish
to prepare their own graphs of these variables,

L
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1.727935 10"t |

0.503777
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TABLE 1 TABLE V
b =0 degrees b =30 degrees
K as Be £% 3 K | an Be ¥ 3
0.001 0.9285863 1.6064269 | 7.616501-10-* | 328.7031 0.001 0.9283792 | 1.6062680
0.0015 | 0.9289399 | 1.6060733 1.713533-1077 | 219.1109 0.0015 0.9286292 1.6058350
0.002 0.9292934 | 1.6057198 & 3.045959-10-7 | 164.3156 0.002 0.9288792 | 1.6054019
0.003 0.9300005 | 1.6050127 | 6.852004-10~7 | 109.5181 0,003 | 09293792 | 1.6045359
0.005 0.9314147 | 1.6035984 | 1.902594-10~% | 65.68014 0.005 0.9303791 1.6028038
0.007 0.9328291 1.6021838 | 3.727726-10~% | 46.89191 0.007 0.9313790 | 1.6010714
0.01 0.9349506 | 1.6000609 | 7.603803-10-% 32.79994 0.01 0.9328786 | 1.5984726
0.015 0.9384869 | 1.5965234 | 1.709646° 10~ 21.83806 0.015 0.9353771 1.5941400
0.02 0.9420238 | 1.5929823 | 3.037687- 10 16.35583 0.02 | 0.9378743 1.5898050
0.03 0.9491006 1.5858885 | 6.818058 < 10% 10.87093 0.03 0.9428622 1.5811247
0.05 0.9632712 1.5716285 | 1.898278- 10~ 6.476817 0.0S 0.9527994 | 1.563701S
0.07 0.9774730 | 1.5572238 | 3.731241°10-% 4.587858 0.07 0.9626566 | 1.5461554
0.1 0.99884990 | 1.5344475 | 7.677931°104 3.163627 0.1 0.9772092 1.5195065 | 7.528173-10~¢ |  3.169213
0.15 1.034680 1.496843 1.771490 - 103 2.044263 0.1 1.000470 1.473872 1.696156 - 102 | 2.059477
0.2 1.07060 1.45536 3.266602 - 10~3 1.474433 0.2 1.02173 1.42628 3.019590- 1072 |  1.498425
0.3 1.1396 1.3571 | 8.045880- 10~ 0.8845394 0.3 1.0537 1.3250 6.676632° 103 |  0.9267893
0.15 1.19855 1.16363 0.01828846 L —
g.ss 1.195376 1.095261 g.gggosggls 0.4418851
.5 1.1812 1.03250 . 01
0.7 1.1039 0.8907 ‘ 0.02551241 LA
1 0.94973 0.7588 0.02658905 0.3244638 b =45 degrees
1.5 0.787243 0.69393 0.02727269 0.3320993 _ . E—
2 0.6965244 | 0.677461 0.02781785 0.3363081 I P
3 o.ggmsns 0.6726738 | 0.02859621 g.ggg?z at . | T
0.5233519 | 0.6776176 | 0.029428 . 4 3 .
7 0.4894830 | 0.6822038 | 0.02985080 0.3515397 o ; g-gg;z‘l’g‘; ! -gg;g‘,’g: |
10 0.4639841 | 0.6866289 | 0.03019482 0.3535486 o o 1 31551
15 0.4441111 | 0.6906600 | 0.03047936 0.3550714 9-02 { 99353250 \ 13880506
20 0.4341654 | 0.6928699 | 0.03062734 0.3558143 o FRStetedt ekl
30 0.4242154 | 0.6952112 | 0.03077920 0.3565423 003 , PPt L
50 0.4162533 | 0.6971762 | 0.03090353 0.3571123 o9 s . e (T
70 0.4128405 | 0.6980444 | 0.03095758 0.3573532 . -9651474 1.5141109 7.447599 - 107
100 0.4102809 | 0.6987057 | 0.03099824 0.3575323 918 o-ga1eet 1400000 P S
150 0.4082901 0.6992261 | 0.03103038 ; -996 1.418 0
200 0.4072947 | 0.6994882 | 0.03104643
300 0.4062992 | 0.6997517 | 0.03106250
[ TABLE VII
TABLE 11 & =60 degrees
b =5 degrees — = ——————— = —_—————
= — —— — K as B | ¥ 1 3
X | as l Be
- 0.01 0.9304662 1.5974747 | |
.01 .931757 1.5926440 | .
93 RaR ' Llted 0.02 0.9330460 | 1.5878130 |
ok 10835 0.907 0.03 | o0.9356117 1.5781480 ‘
e 0.9388253 057774 0.05 0.9406722 | 1.5588012 l
s o7 a3Ts0r oM 0505, 0.07 0.9455917 1.5394241
e 0.6948939 0.689518 0.1 0.9525869 1.5102899 | 7.370080-10~¢ | 3.188159
3 0.6014343 076810541 0.15 0.962780 1.4615719 | 1.622116-107 |  2.091854
5 0.5238493 0.6827698 — — — =
7 0.4899851 0.6859098
s it Foos
20 0.4344348 , 0.6941770 b =90 degrees
2 ¢ i S —T
0 . 4 6976998
70 0.4129280 0.6984186 K | o l P | v s
100 0.4103430 0.6989678 0. | o. .
150 04083320 0.6994008 0'001s | 0.0278707 | 1.6086340 |
200 0.4073262 0.6996192 0.002 0.9278792 1.6051340
300 0.4063204 0.6998360 0.003 0.9278792 1.6041340 |
— - 0.00s | 0.9278791 1.6021341 |
TABLE 111 0.007 | 0.9278788 1.6001342
b =10 degrees 0.01 | 0.9278781 1.5971346 | 7.593007-10- | 32.77774
egr! 0.015 0.9278756 1.5921361 | 1.705996-10-% | 21.82045
= = 0.02 0.9278707 1.5871389 | 3.028018-10°% | 16.34229
K o I B , Y s 0.03 0.9278512 1.5771507 | 6.790917-10~% | 10.86555
007 | Ooarems | 1S3D4ar | 3iGiesec10% | 4.6iasss
. l4l76 1.10. . . 0 0. 6 1. 482 | 3.6176. 10~ 4.
g.gs 112854 | 164322 . 8.853?%323 0.483146 0.1 | 0.9268802 1.5077633 | 7.241406- 10~ |  3.213921
0.7 1.0622 0.922 0.02322641 - - - - —— = —
1 0.92744 | 0.7951 0.02530199 0.34981
1.5 0.778609 | 0.72367 | 0.02 | 0:344526 TABLE IX
2 0.6928323 0.701304 | 0.02737463 0.3453370 be1354d
3 0.6010364 |  0.6893457 | 0.02832479 0.3483445 SEreee
5 0.5240884 0.6879045 | 0.02927127 | 0.3519657 — —- - —
7 0.4903287 0.6896165 | 0.02973849 0.3536957 K as [ B
10 0.4647464 | 0.6918466 | 0.03011291 0.3550096 S —
15 0.4447085 0.6941512 | 0.03042648 0.3560200 0.01 0.9240532 1.5978964
20 0.4346472 0.6954926 | 0.03058753 | 0.3565161 0.015 ' 0.9221394 1.5932799
30 0.4245592 0.6969611 | 0.03075254 0.3570036 0.02 0.9202268 1.5886662
50 0.4164704 0.6982279 | 0.03088745 0.3573825 0.03 ‘ 0.9164031 1.5794503
70 0.4129990 | 0.6987960 | 0.03094610 0.3575477 0.05 0.9087653 1.5610894
100 0.4103937 0.6992321 | 0.03099039 0.3576679 0.07 | 0.9011474 1.5428670
150 0.4083661 0.6995770 | 0.03102501 0.1 0.8897751 1.5158991
200 0.4073520 0.6997514 | 0.03104159 »
300 0.4063376 0.6999272 | 0.03105987
- - - TABLE X
LEIALS Y b =180 degrees
b=15 degrees S
= —— o - — 1 : - o K as ﬁ.
K | as Be I £% | 3 S .
= 0.001 0.9271714 1.6064256
0.01 [ 0.9339666 1.5991993 | 0.0015 0.9268178 1.6060720
0.015 0.9370101 1.5952296 | 0.002 0.9264643 1.6057185
0.02 0.9400530 | 1.5912571 0.003 0.9257572 1.6050114
0.03 0.9461371 1.5833005 0.005 0.9243431 1.6035972
0.05 0.9582938 | 1.5673141 0.007 0.9229291 1.6021830
0.07 0.9704229 | 1.5511821 0.01 0.9208086 1.6000619
0.1 0.9885273 | 1.5265833 | 7.607370°10~% |  3.164489 0.015 0.9172759 1.5965272
0.15 1.018245 1.484027 1.707340° 1073 |  2.049241 0.02 0.9137459 1.5929931
0.2 1.04683 1.43873 3.143361-107 | 1.48328S 0.03 0.9066971 1.5859281
0.3 1.0958 1.3369 | 7.488214-10-3 |  0.9040418 0.05 0.8926687 1.5718196
0.45 | 1.1248 [ 1.1633 1.550383 - 10~ 0.07 0.8787747 , 1.8577460
0.8 Li17s 1.1082 0.1 0.8582890 1.5367475




General Amplitude Relations for Transmission Lines
with Unrestricted Line Parameters, Terminal

Impedances, and Driving Point
RONOLD KING, ASSOCIATE, I.R.E.

Summary—Subject lo no other restrictions and approximations
than those actually implied in the derivation of the transmission-line
cquations and theit application to a terminated line, general expressions
in simple form are derived for the current amplitude in, and the poten-
tial difference between, the two conductors of a uniform transmission
line at any point along its extension. The terminal impedances are
assumed to be perfectly general, and the line may be driven by a loosely
coupled generator whick mainlains a sine-symmelrical, a cosine-sym-
meltrical, or an unsymmetrical field along any section of the line. Gen-
eral resonance conditions are oblained and expressions written down
Jor extreme values of the amplitudes. The special cases of low line
damping and low over-all damping are considered.

HE transmission line is commonly used to con-

nect an active network to one containing a

power-consuming device. As a consequence, the
usual mathematical treatment is restricted to the low-
loss line driven at one end. The present analysjs is
concerned with the solution of the transmission-line
equations subject to much more general boundary,
operating, and driving conditions than are considered
in this conventional case. Although the desired solu-
tion will be derived specifically as a generalization of
methods for making a variety of electrical measure-
ments at ultra-high frequencies, it is well to bear in
mind that it is not restricted to this particular applica-
tion.

THE TRANSMISSION LLINE AND SHORT-
WAVE MEASUREMENTS

The conventional methods for making wavelength
measurements at ultra-high frequencies make use of an
apparatus originally due to Lecher.! It consists of a
parallel line, usually with low resistance and negligible
leakage conductance, one end of which is coupled to a
generator, while a movable bridge containing a current
or voltage detector is provided for locating resonance
points. This form of line with simple terminations and
operating conditions is the subject of an investigation
by Hund? into its usefulness for determining ultra-
high frequencies. A modification, which makes pos-
sible the measurement of low reactance as well as of
wavelength, substitutes a movable short-circuiting
bar or a coil or condenser of low reactance for the
detector. This latter is then arranged in an auxiliary
circuit which is loosely coupled to the line and which

* Decimal classification: R116. Original manuscript received
by the Institute, May 27, 1941; revised manuscript received, Sep-
tember 2, 1941. .
¢ t Cruft Laboratory and the Research Laboratory of Physics,
Harvard University, Cambridge, Massachusetts. ]

1 E. Lecher, “Eine Studie iiber electrische Resonanzerscheinun-
gen,” Wied. Ann., vol. 41, pp. 85(_)—87'0; 1890. . .

t A. Hund, “Theory of determination of ultra-radio frequencies
by standing waves on wires,” Scientific Paper of the Bureau of

Standards, No. 491, 1924,
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serves merely as a resonance indicator.? A more flexible
arrangement makes use of a generator which is freely
movable along the entire extension of the line* and
of a current or voltage indicator at one end. A bridge
consisting of an unrestricted impedance may be moved
along the wires with a properly adjusted tandem
bridge. With one termination of the line made avail-
able in this way,® it is possible to measure not only
wavelengths and reactances, but also resistances and
permeabilities® and dielectric constants.”-#: The mov-
able oscillator provided means for calibrating current
and voltage instruments.® The theory of coupling to a
line an oscillator with a nonuniform current amplitude
distribution has been investigated,!®:!! and it has been
proved that except when coupled near the terminations
of the line, a loosely coupled symmetrical oscillator is
analytically equivalent to one or two pairs of equal
and opposite point generators inserted in the line op-
posite the center of the oscillator. One pair of point
generators is sufficient if the oscillator sets up a cosine-
symmetrical field, two pairs are required if the field is
sine-symmetrical, while three pairs are needed in the
unsymmetrical case.!?.13

The specific purpose of the present paper is to lay the
theoretical foundations for a further development in
transmission-line technique which makes both ends of
the line freely available by providing a movable detec-
tor as well as a movable oscillator. This arrangement

*L. S. Nergaard, “A survey of ultra-high frequency measure-
ments,” RCA Rev., vol. 3, pp. 156-195: October, 1938.

*R. King, “Standing waves and resonance curves,” Rev. Sci.
Instr., vol. 1, pp. 164-180; March, 1930. .

* R. King “Electrical measurements at ultra-high frequencies,”
Proc. LR.E,, vol. 23, pp. 885-934; August, 1935.

* A different and in many respects equally useful way is that
used by R. A. Chapman in “A resonance curve method for the
absolute measurement of impedance at frequencies of the order of
fggoMc/second," Jour. Appl. Phys., vol. 10, pp. 27-38; January,

7R. Kiqg, “An absolute method for measuring dielectric con-
stants of fluids and solids at ultra-high frequencies,” Rev. Sci. Instr.,
vol. 8, pp. 201-209; June, 1937.

. * H. R. L. Lamont, “Theory of resonance in microwave trans-
mission lines with discontinuous dielectric,” Phil. Mag., ser. 7,
vol. 29, pp. 521-540; June, 1940,

*H. R. L. Lamont, “The use of the wave guide for measure-
ment of microwave dielectric constants,” Phil, Mag., ser. 7, vol.
29, pp. 1-15; July, 1940,

1 R. King, “The application of low-frequency circuit analysis
to the problem of distributed coupling in_ultra-high-frequency
circuits,” Proc. I.R.E., vol. 27, pp. 715-724; November, 1939,

1 A. Alford, “Coupled networks in radio-frequency circuits,”
Proc. L.R.E., vol. 29, pp. 55-69; February, 1941,

¥ R. King, “A variable oscillator for ultra-high-frequency
;r;gagsurements," Rev. Sci. Instr., vol. 10, pp. 325-331; November,

B R. King, “A generalized coupling theorem for ultra-high-
ll'rgefouency circuits,” Proc. I.LR.E., vol. 28, pp. 84-87; February,

December, 1941
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not only simplifies methods of measurement already
described, such as, for example, the measurement
of dielectric constants, but makes possible new
measurements using a technique heretofore unavail-
able. An example is the selective separation of the
fundamental and the second harmonic.!! Use of the
arrangement has also been made to determine the
voltage amplitude distributions along feeder lines to
ultra-high-frequency antennas. Investigations involv-
ing the measurement of the radiation resistance of
transmission lines and the input impedance of an-
tenna systems are in progress using the new apparatus.

It follows directly from the general coupling theorem
for a loosely coupled, symmetrical oscillator® and the
Rayleigh-Carson reciprocal theorem,’ % that a loosely
coupled and extended, but symmetrical, detector used
as a voltmeter across the line may be treated exactly
as though coupled to the line at a point opposite its
center, provided it is not too near the ends of the line.
The mathematical problem thus reduces to calculating
the potential difference between the two conductors of
a transmission line of arbitrary length, driven by point
generators connected anywhere along its extension,
and terminated at both ends in general impedances.
The reactive part of the characteristic impedance of
the line will not be neglected. It has been pointed out
recently,'® and quite correctly, that the common prac-
tice of treating the characteristic impedance as a pure
resistance may lead to considerable error,

In carrying out the mathematical investigation, use
will be made of the conventional transmission-line
equations so that approximations and restrictions im-
plied in their derivation and in their application to
terminated lines will apply to the present analysis.
However, no other conditions will be imposed. The
transmission-line or telegraphist’s equations are

—V/3z = (r+ jol)I (1a)
— 3l /3z = (g + juwc)V. (1b)

These equations are accurate only for lines with no
radiation. Moreover, they are derived for an infinite
line, so that their use for a terminated line necessarily
involves some error. For a line which is very long com-
pared with the distance between the two conductors
this is significant only near the ends of the line.}7:18
In the case of an open end, the error is termed an
“end-correction”; for any other termination it is usu-
ally absorbed in the terminal impedance.

4 Lord Rayleigh, “Theory of Sound,” The Macmillan Company,

London, England, 1877, vol. 1, l.) 155,
1B J, R. Carson, “A %enera ization of the reciprocal theorem,”
0

Bell Sys. Tech. Jour., vol. 3, pp. 393-399; July, 1924,
®]. S. Nergaard and B. Salzberg, “Resonant impedance of
transmission lines,” Proc. I.R.E., vol. 27, pp. 579-583; September,

1939,

. Y E. M. Siegel, “Wavelength of oscillations along transmission
lines and antennas,” University of Texas Publication, No. 4031,
August 15, 1940.

18 A rigorous analysis of the application of the transmission-line
equations toa line of finite length is in preparation. Approximations
and restrictions implied in the conventional equations will be con-
sidered in detail. The effect of radiation on the current amplitude
distribution will be examined.
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At ultra-high frequencies the separation of a parallel
line is frequently not a sufficiently small fraction of a
wavelength to permit neglecting radiation terms com-
pletely in deriving? (1). Since these do not lead to a ra-
diation parameter per unit length which is even ap-
proximately independent of the current amplitude dis-
tribution along the line, (1) cannot actually be written
in this more general case. However, if the average
radiation resistance per unit length 7, is so small that

(F/wl)* KL 1, (2)

(i.e., if it is of the same order of magnitude as ohmic
resistance per unit length in a low-loss line), the
current amplitude distribution is not significantly
affected by radiation, and a reasonably good approxi-
mation is obtained by substituting an effective average
resistance per unit length 7’ for r in (1a). In this case
r’ is defined by

r =71+ #. (3)

After (1) has been integrated and the total effective
resistance due to a section of line of length s is ob-
tained in the form

©)

r's = rs + 7,5,

then

(5)

is the radiation resistance of the section. Equation (5)
is actually the definition of the average radiation re-
sistance per unit length, i.e., of 7. In this case, the
problem reduces to a solution of (1) with 7’ written'®for r.
For a concentric line 7, is usually negligible compared
with 7.

With no other restrictions or approximations than
those implied in writing (1) for a terminated transmis-
sion line, let these be solved for the line shown in Fig.
1. The oscillation generator is loosely coupled with its
center opposite z=x; it is assumed to be symmetrical
so that it may be represented by one pair (for cosine
symmetry) or by two pairs (for sine symmetry) of equal
and opposite point generators placed in the two con-
ductors at or very near z=x. If one pair is used, it is
assumed that each point generator maintains an elec-
tromotive force of amplitude V3/2. If two pairs are
used, each point generator must maintan an electro-
motive force of amplitude W’/2 with W; =2W’sinh Kx,.
By making W’ sufficiently large, the separation
x, of each pair may be made as small as desired. The
oscillator is assumed to fulfill the conditions requisite
to permit the application of the general coupling
theorem, in particular, that it be loosely coupled.

Although it is assumed that the detector is also
loosely coupled at z, its impedance Z, is shown in the

R, = #,s,

1* It must be emphasized that any method which assumes the
transmission-line equations valid and uses the current amplitude
distribution calculated from them in determining the radiation re-
sistance of the line treated as two parallel antennas must be used
with caution. If radiation is not small, it is also significant in deter-
mining the current amplitude distribution,
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figure. Later it will be required that Z, be so large that
it plays no important part in determining the current
and voltage amplitude distributions. It is included
explicitly in the analysis in order to discover of what
order of magnitude it (or any other impedance placed
across the line at 8) must be to fulfill this requirement.

-lzl Qt -2’(4 - 5'
1
Z‘, 5: Z,‘ Genfrators } Z,

z. 6 z x Yy s
Fig. 1—Schematic diagram of the transmission line.

The terminal impedance Z, at s=0 and Z, at Z=3s are
general. They may consist of coils, condensers, an-
tennas, or additional sections of transmission line.

THE GENERAL EXPRESSIONS FOR CURRENT
AND VOLTAGE AMPLITUDES
In order to derive an expression for the potential
difference across Z,, let an auxiliary, primed system
of co-ordinates with origin at Z, be defined tentatively
(see Fig. 1). The terminal impedance Z, is then made
up of Z, in parallel with the entire section of line to the
left of 0’. The general solution of (1) for the potential
difference V. across Zy due to one pair of equal and
opposite point generators at x’ has been given in equa-
tion (5) of reference 5 to be
V.*[Z.Y, cosh Ky' + sinh Ky']
" (Z2YeY. + 1) sinh Ks' + Z(YoV.) cosh Ks'
’
LR 0N (6a)
Q'(s")
For two pairs of equal and opposite point generators,
symmetrically placed with respect to x, the numerator
in (6a) must be replaced by

Py(y', V.) = W..[2.V, sinh Ky’ 4 cosh Ky']. (6b)

The following notation has been used:
y =5 —a (7a)
Yoo = 1/Zo; V.= 1/Z,. (7b)

The characteristic impedance Z, and the gencral com-
plex propagation constant K are defined below in
terms of the parameters r, [, ¢, and g of the line.

'l 1/2
.=Eiﬁ]=&0ﬁw (8)
K = [(r + jul)(g + jwc)]'"* = a + jB. (9)

The characteristic resistance R., the parameter ¢, the
attenuation constant «, and the phase constant 8, are
expressed in most general terms using the f(k) and
g(h) functions defined and tabulated by Pierce.?® Thus,

10 G. W. Pierce, “A table and method of computation of electric
wave propagation, transmission line phenomena, optical refraction,

and inverse hyperbolic functions of a_complex variable,” Proc.
Amer. Acad. Arts and Scs., vol. 57, pp. 175-191; April, 1922,

December
wilc + rg'/3
Rom [w’c’ + g’] fha);
¢ = g(h)/f(h.) (10)
w(re — Ig)
= 11
b wlc + rg (1
= + [w¥c — rg]V(hi);
= + [wlc — rg]'1%g(h) (12)
hy = wlre + Ig) . (13)
wic — rg

With éubscript z or k, one can compute f(h) and g(h)
from

2]1/2 1/2

f(h)=+[+[1+lzz] +1:| |

+ [1 + #2)r2 — e
uw=+[[ 2] ] (14)

or obtain them directly from Pierce's tabulation. One
notes that for all finite values of ks and h,

a<B; ¢<1. (15)
The input admittance ¥y, across the terminals of Z,, is
Vo =V, 4+ V. (16)

Here Y is the input admittance of the section of line
with its termination to the left of Z, (Fig. 1). It is
readily obtained from an expression like (6a) by setting
x'=0, writing 2’ for s’, ¥, for V,, and requiring Y to
vanish.

y, - i?,‘ N 1 [I'OZ, cosh Kz’ 4+ sinh l\'z’]
Vo¢  Z. LYoZ.sinh K2’ + cosh Kz’
1 N
= Zc. H 5 (]7)
Combining (14) and (15), one can write
ZYey =2.Y,+ N/D. (18)

Upon substituting (18) in the denominator Q'(s") of
(6), and after inserting the explicit expressions for N
and D as defined in (17), and combining hyperbolic
functions, one readily obtains

Q'(s") = 1/D[Z2V,Y, + 1) sinh K(s' + 2)
+2¢(Yo + Y.) cosh K(s' + 2")]
+ Z.V.[Z.V. sinh Ks' + cosh Ks']. (19)
It is now readily verified, using Fig. 1, that,
s =542, 2 =72,
- o }(20)
) y=s—x=9y =5 — o
By defining the following symbols

Q(s) = (Z2VoV, + 1) sinh Ks

+Z«(Yo + V,) cosh Ks (21a)
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Py(y, Y.) m Vi[Z,V, cosh Ky + sinh Ky]  (21b)
Py(y, V,) = W¢|Z.}, sinh Ky + cosh Kyl  (21¢)
Dy(s, Vo) = Z.Vy sinh Ks 4+ cosh Kz (21d)
M(s', V,) = Z.Y,sinh Ks' 4+ cosh K's' (21e)

and using (20), (5) may be written as follows:
P(y, V.)Dy(s, V
Vo =V, = [— Py, 1o }(—- i - ] (22)
Q@) + Z. Y. M(s', V,)Da(s, Vo)
For a generator which maintains a cosine-sy mmetrical
field the subscript 1 must be used with P(y,Y,); a

sine-symmetrical field requires the subscript 2.
With the definition ’

o ZVG}’EA[(SA'v Yl)Dl(zv. }{0)

~ 23
Q(s) &
one can write (22) in the form
P(y, I’.)D,(z, }'o)]
V,=|— — . 24
[ Q)1 + ¥] @

It will be postulated at this point that the admit-
tance Y, of the voltage-measuring device is sufh-
ciently small so that |¥]|< <1. This is equivalent to

Zg.‘fgéi', I’.)D,(z, }'o)

yA . 25
PAP o (25)
Subject to (25), one can write
.= [_” 0, VDol 1’°)_]. {’ Y ae)
Q(s) 0<s=<nx

The general expression for the complex current
amplitude I, is obtained readily using (1) and (9).
Thus,

| 14
L= - -
KZ. 0z
or, »
, Yo)Dy(z, V =s5s—-x
n--[ (9 VD o)]; {y )
ZQ(s) 0<z=2x
with
D\(z, Yo) = Z.Y, cosh Kz + sinh Kz. 27)

Throughout the analysis it has been assumed that
the point x (locating the equivalent point generators)
lies to the right (Fig. 1) of £ (where current and voltage
are calculated). Consequently, (26a) and (26b) are
correct only for points 2z which lie between the terminal
impedance Z, and the point x. However, since Z, and
Z, are both perfectly general, the expressions for V,
and I, for points between x and the terminal im-
pedance Z, are easily obtained by interchanging the
subscripts 0 and s on the admittances, and writing x
for y(=s—x) and s —z for 2. Thus,

3 P(x, Yo)Dy(w, Y,) _ w=s—3z

o= [ Q(s) ]’ {x SzS<s (282)
N P(x, Yo)Dy(w, V,) ' w=s5s—3

o = [ Z.Q(s) ] {x <zSs. (28)
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GENERAL AMPLITUDE FUNCTIONS

The real and imaginary parts of the several functions
appearing in (26) and (28) may be separated using the
conventional complex notation for impedances and
admittances. Thus, with the subscript j standing for
0, 3, or s and with (8), factors of the following type
may be written down:

Z.Y;= R(1 — jo)(G; — jB)).

For convenience let the following symbolism be intro-
duced:

(29)

g;= RG,;; b;= R.Bj; (30)
gimg —ob; bymb;+dgs FA=gf+b4 ()
21 = bog. + bgo; 2= go + &i; (32)
By = 1 + gog. — Bobs; B2 m by 4 b.. (33)

With (30) to (33) one can write (21) and (29) as
follows:

Q(s) = (bi — jg1) sinh Ks + (g2 — jbs) cosh Ks (34a)

Py(y) = V¢[sinh Ky + (g, — jb,) cosh Ky] (34b)
Ps(y) = W3[(g, — jb.) sinh Ky + cosh Ky] (34¢)
Dy(s) = sinh Ks + (go — jbo) cosh Kz (34d)
Ds(s) = (go — jbo) sinh Kz + cosh K3 (34¢)
M(s') = (g, — jb.) sinh Ks' + cosh Ks’'. (341)

From these expressions it is clear that all functions
may be obtained directly from Q(s) by an appropriate
change of variable and by assigning proper values to
blp glv blv and g’.

With (9) and the abbreviations,
C = cosh as; S = sinhas; ¢ = cosfs; s = sinBs; (35)
one readily obtains the following expression for (34a):

Q@s) = [(8:S + &:C)c + (&:C + 5s5)s]

+ [B:C + 8S)s — (B + 2:5)c].  (36)
The real amplitude is

| Q(s)| = [Au2e? + D25t — 2Fcs]2. 37

with
A2 = 5,25 + 5°C* + 2(51g2 + 5:81)CS, (38a)
D = 7,C* + 7*S* + 2(b:g2 + 5:81)CS,  (38b)
F, = bids — §132; (38¢)

and
§i =g+ 5% 5t = & + Bt (39)

The angle is obtained from
(5:C + £sS)s — (5:C + 215)6] (40)
(B:S + 2C)c + (B:S + £:C)s )’

The expression (37) can be put into a more con-
venient and symmetrical form in terms of the following

tan O, = [
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parameterswhich characterize the terminal impedances.

- go £
Yo = ; Yo 3 —— (41a)
it VT g
- bo bl
60 = ’ 0, = — (41b)
1 — %2 1 — 32

After extensive but simple transformations, using
standard trigonometric and hyperbolic identities, one
obtains

| Q) | = (1450 (1+ 5.9 VET— 479 (1 — 47.7)

{cosh 2(as+p)—cos 2(Bs+ ®) } L2 (42a)
26=tan [ 12(5:;:’] (42b)
- 0
(‘Yo+7-)
2p=tanh!| — " | 12
ptan [1+47'.ﬁ.] S

With [Q(s)| determined, the other functions defined
in (34) are quickly written down in a form similar to
(42). The expressions so obtained as well as (42) are
then easily rewritten as follows:

| 0@) | = (14302 (14 3.2) v (1= D) (1= 47.2)
{-sinh? (as+p)+sin? (Bs+®)} 172 (43a)

[smh (ay + po) + sin? (By + &,)][sinh? (az + po) + cos? (Bz + %)h /2

December

| Da(z, ¥o) | = (14 562 v/ T— 47, { sinh? (az+ py)

+cos? (Bz+ Do) | /2 (43e)
| M(s', V) | = (14 5.9 v1—47.2{sinh? (as’+p.)
+cos? (Bs'+@,) {172, (43f)
Here,
y=s—=x,s'=s5—z (44)
$=1 tan! - ;i =1 tan? 25
P [ 1— 433, T [=2s];
®,=} tan! [—25,]; (45a)
2(‘;0+‘;u):|
=1 tanh!| — — |; =1 tanh! |2%,];
P [1+4v'w'. po=4 tanh™ [270]
=} tanh ! [27,). (45b)
It is easily proved that
P = po -+ pa. (47)

The expressions for the unrestricted amplitudes |V,
and [7,| as obtained from (26) using (43) now may be
written. For a cosine-symmetrical oscillator at x (one
pair of point generators), one has for 0<z<x

V.| =1 V¢ 48
I I I I { [smh2 (as + po + ps) + sin? (Bs + & + d).)] f 0
Y | _ { [sm}f(ay + o) + sin? (By + @ .) ] [sinh? (az + po) + sin? (Bz + d>o)]l 2 (18b)
: zc [sin? (as + po + p.) + sin? (Bs + b0 + )] f -
_ ; — . For a sine-symmetrical oscillator at x (two pairs of
[] =V ‘2 1_4 12 h2 0 . 5
| Pr(y. ¥ )l Va(l43.5v 7} {sinh? (ay+5.) opposing point generators symmetrically placed at x)
+sin? (By+ ®,) } 1/2 (43b) one has for 0<z<x
: . | e I {[smh2 (ay + ps) + cos? (ﬁy + d>)][smh2 (az + po) + cos? (Bz + %)]} (180)
: ‘ [sinh? (as + 0o + p.) + sin? (Bs + &, + & 5 . ¢

I.=

l Dy(z, Vo) | =(14 5®)v/T— 4702 {sinh? (az+po)

+sin? (Bz+ &) } 172 (43¢)
| Po(y, V) | =W (14 3.)v/T—47.2 {sinh? (ay+p,)
+cos? (By+®,) |12 (43d)
vl =1 vel

| 1] =

Zc

[Smh (ax + po) + S”‘z (Bx + 4’0)”5mh2 (aw +p.) + cos? (Bw + @ )
[smh2 (as + po + p.) + sin? (Bs + &, + @ )]

{ [sinh? (ax + po) + sin? (Bx + o) ] [sinh? (ew + p.) + sin? (Buw + @,)]
[sinh? (as + po+ pa) + sin? (Bs + by + & )]

we | {[sinh2 (ay + p) + cos? (By + &,)][sinh? (az + po) + sin? Bz + (bo)]} 1/2
Z. [sinh? (as + p, + ps) + sin? (Bs + @ + b,)]

The corresponding formulas for z>x are given by
(28) and (43) with appropriate changes in variable and
admittance as indicated in the functions. For the
cosine-symmetrical case with x<z <sand w=s—zone
obtains

} (49a)

} 2. (49b)

For the sine-symmetrical case with x<2<s and w=s5~2 one has

vl =l ve|

|1,|=’

Z.

[sinh? (ax + po) + cos? (ﬂx + (1).,)][smh2 (aw + Ps) + cos? (ﬂw + (b,)]}

[sinh? (as + po + p.) + sin? (Bs + @ + &,)] (49¢)
{[Smh’ (ax + po) + cos? (Bx + @y)][sinh? (aw + p,) + sin? (B + ,)]
[Slrlh2 (as + Po + p.) + Sln2 (ﬂs + d’o + d’.)] } . (40d)

B ———
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Using (29) to (31) and with the subscript j signifying
either Q or s, (45a) and (45b) become

~2b; ] Ve [ 2b; ] (50)
; pj=1% tanh~ .
-yl " 1457

b;=13 tan"[

The expressions (48) and (49) are the final formulas
for the amplitudes of current and potential difference
at any point along a line of length s between the
terminal impedances Z, and Z,. No conditions have
been imposed other than those implied in the deriva-
tion and application of (1) to a finite line. The param-
eters per unit length, 7, J, ¢, g, as well as the impedances
Zs and Z,, are in no way restricted. The driving field
has been assumed to be symmetrical—either sine or
cosine—but a simple combination of the solutions for
the two types of symmetry yields the general case.
The field may be distributed along any part of the line.

The condition (26) upon the impedance of a voltage
detector is not a restriction on the generality of (48)
and (49), but simply an inequality which must be ful-
filled if (48) and (49) are to obtain under experimental
conditions in which a voltmeter is connected across
the line. Using (43), this condition (26) may be ex-
panded into

el ) {4 ot 0 4 ST o 0 o o 931}
e [sinh? (as’ + p, 4 az + po) + sin? (Bs’ + ®, + Bz + ®o)] '

Since the extreme magnitudes of the trigonometric
functions are 0 and 1, a fair estimate of the maxinium
value of the expression on the right in (51) (insofar as
the trigonometric functions are concerned) is obtained
by writing

mr
BZ+4’0=—2—$

’

Bs' + &, = 1"51 (52)

with m and m’ odd integers. This leads to
YARIA {

If the voltage detector is placed at either end of that
part of the line included in the length s, its impedance
Z, may be included in the terminal impedance. In this
case no restriction need be imposed on Z, and (53) is
superfluous. A typical point well removed from the
terminations is at the center of the line. Then,

z2 =35 =35s/2 (54)

and

|z.|>>|z,|{

This inequality is conveniently studied in three typical
cases. These are
| Z|

(as +po+0) <1; |Z:]> [_ﬁ o
as + po 4 p.

(as +po+0)=1; |2.|>|Z]|

(as 4 po + 0) > 1; | Z.| >]|Z.] eartoetes,

] (56a)

(56b)
(56¢)
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[sin}}’ (as’ + pe) + 1][sinh? (az + po) j‘l]} e

[sink? (bas + p) + 1]lsink? (s + po) + Bt
sinh? (as 4+ po + p.) ’
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The significance of these conditions may be illustrated
in the case of a line with low damping terminated in
impedances with negligible losses. In this case (56a)
reduces to

| Z:|

as

>

| Z.

g (57a)

For a quarter-wave line, as may be of the order of
magnitude of 10~2 and Z. of magnitude 102 Then one

must have

| Z.| > 10e.

(57b)

One may expect, therefore, that current and voltage
distribution will be disturbed if -a voltmeter (or other
high impedance) is placed across a line with low damp-
ing unless its impedance exceeds a megohm at the
operating frequency.?!

EXTREME AMPLITUDES AND RESONANCE

Resonance in a terminated transmission line occurs
when the length of the line and the terminal imped-
ances are so adjusted that the denominator in (48) and
(49) assumes a minimum value. Since periodic func-
tions are involved, multiple resonances are to be
expected.

(51)

The conditions leading to extreme values of the
function

q(s)= {sinh2 (as+po+p.)+sin? (Bs+ Do+ d,) )12, (58)

for given terminal impedances are obtained by differ-
entiation with respect to s and equating to 0. This
gives the following general condition defining the
extremizing lengths s,:

(53)

sinh? (as’ + p. + az + po)

s?nj(ésn +7 by + <I>.)< _

sinh 2(asa + po + 0)
This may be written in the alternative form

Ccos 2(3‘» + & + ‘ba)

a

(59)

— - - >
=] i /‘/1 — 'a‘ Sinh2 2(!!8" + Po + pl)' (60)

32

(55)

Here the upper sign leads to the minimum value of |g(s)|
and hence to resonance. The lower sign maximizes

% [ 4 recent paper, for example, it is stated without proof that
“registances as low as 8000 ohms can be placed across the line
without disturbing the voltage distribution.” A method for measur-
ing resistance is based upon this statement, using equations which
neglect all damping in the line.
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¢(s) and hence minimizes the amplitudes in (48) and
(49).
It follows directly from (59) that extreme values are
possible only if
24
n sinh 2(as, + po + p.) S 1. (61)
For values of s which do not satisfy (61) the positive
slope of the hyperbolic function in (58) is greater than
the maximum necgative slope of the trigonometric
function, so that no actual maxima or minima are
formed, though there will be fluctuations about the
hyperbolic function.
The optimum points for coupling the oscillator with
respect to |V,| and |I,| with 0Sz<x are obtained by
maximizing the functions

pi(y) = [sinh? (ay + p.) + sin? (By + ¢.)]'2  (62a)
p3(y) = [sinh? (ay + p.,) + cos? (By + 4,)]'/2. (62h)
The extremizing conditions for {#} are
sin 2(8y + d&) i « (638)
sinh 2(ay + p.) i '
The maximizing conditions are
/T al |
cos 2(By+d)=F 1/ l—b; sinh? 2(ay+p.).  (63b)

The upper sign in each case refers to p; (cosine sym-
metry), the lower to p, (sine symmetry). The minimiz-
ing conditions are given by (63) with + written instead
of F. For x222s one must write x for y and the
subscript 0 for s in (63).

The extreme amplitudes of |V,| (upper sign) and
|1.] (lower sign) with 0 Sz<x are obtained at points
along the line which satisfy the conditions
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=| V.l {[(ay + p)* + sin? By +

December

Minimum amplitudes are obtained from (64b) by
writing ¥ instead of +. l'or xS28s onc must write
w(=s—2) for g and the subscript s for 0 in (64).

Tue Srecial Cases oF Low IDAMPING

In important special cases of the general theory one
is justificd in writing one or both of the following
conditions defining low damping. The condition for
moderately low damping per unit length of the line is

()<

The condition for low over-all damping on the entire
line including the terminal impedances is

(as + po + p)? K 1.

The relation (65a) will be satisfied if the line param.
cters obey the following inequalities:

(65a)

(65h)

r 4
< ><l; < ><l. (65¢)
wl wc
In this case (10) to (14) give
L1, 2K (65d)
so that
h
f(hy =1; g(h) = 5 < 1. (65¢)
Then
; Vie [ r
B =wVic; a= ~<~— + g) <1 (65f)
2 l c
e “ e I, 1 < r g) | o
c = H = = . — < 1.
1 ¢ 2 2w\ ! ¢ (65¢)

Subject to (65b) alone, (48a) and (48h) for the
cosine-symmetrical field, with 0<z=<x, reduce to

‘l),)][(az + po)? + cos? Bz + d)o)h. 1/2

|
| (as + po + p.)? + sin? (Bs + by + @,) f (66a)
I V,«I [(ay + Pa)2 + sin? (5}’ + d).)”(az -~ Po)’ + sin? (& + d’o)] 12
[1.| = : } . _
|| (as + po + p.)? + sin? (Bs + &y + b,)

Similarly, (48c) and (48d) for the sine-symmetrical field for 0 Sz<x become

vil =1wel {
1.l

- 7|/Z,7

sin _Z(ﬂzfi- d>9) . a
sinh 2(az + po) ]

Maximum amplitudes occur at

(64a)

~ — o
cos 2(Bs+Po) = % Vl —sz sinh? 2(az+p0).  (64b)

[(ay + 002 + cos? (By + ®)][(az + po)? + cos? (Bz + o) ]} 12
' (as + o + p)? + sin? (Bs + 4o + 4,) }

| Wat| ([(ay + p2)? + cos? (By + ®))][(az + po)? + sin? (Bz + o) | 112
- { (as + po + p.)? + sin? (Bs + o + ) } '

(67a)
(67b)

Corresponding expressions for v =2z<s may be written
down directly from (69).

The general nature of (66) and (67) is most clearly
displayed by noting that except near vanishingly small
values of the trigonometric functions the terms in «

and p contribute a negligible amount. Thus, one can
write for (66)
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val =] vel 4

| .| =

Similarly for (87)

v =114
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((Bs + ®o + Pu) # nr

A Iy, (B + 0 7 nr (65
sin (8s + ®o + @) ’ 2n+1
(B2 + @0) 7 — — ¥
Py + b,) #
| Ve | (sin (By + @) sin (Bz + ®o) e
FRErT-ET T o] @ (e
‘ ’ ) (Bz + &) # nr.
,(ﬁs + q’o + q)a) # nw
} 2n+ 1
cos (By + ®4) cos (Bz + a) } | By + @) # T (69a)
sin (Bs + Po + ®.) 41
(B2 + &) % ———
[(BS + $y + q)a) # nw
Ve ®,) si @ 41
L I{cos(§y+ ) sin (82 + o)}; ey o 2L _—
| Z.| sin (8s + ®o + &)
Bz 4+ $o) #= nrw

The symbol # used in (68) and (69) stands for, “not too near.”
The extreme values of (66) and (67) are obtained directly from the conditions of the general case using
(65a) and (65b). They are listed below together with the extremizing values of s, y, and z.

| Vzlmnx =

l1:|mnx =

l V. |min =

|Izlmin =

vl
(as + po + p2)

v
| Z.| (as + po + p4) ’

Ve(ay 4 pa)(az + po);

| vel

€

SPECIAL TERMINAL IMPEDANCES

The terminal impedances are ‘contained in the gen-
eral formulas (48) and (49) in phase factors ¢ and p.
These are defined by (50) with (29) and (30). Three
simple cases will be treated without detailed dis- i=0
cussion merely as examples. The subscript j may stand

for 0 or s.

(ay + p)(az + p0); {

S = I/B[mr — Py — d),]

2n+1 .
I/B[ r — &, | for cosine symmetry

- 2 (70a)
y = 1/8[nr — &.] for sine symmetry
2 = 1/B[nr — @]
s and y as above
2n+ 1 70b
z = l/ﬂ[ T = (bo] ( )
2
2n+1
S=1/B[ W—q)o—(b,]
2
y = 1/8[nx — &.] for cosine symmetry
2n+1 71
y = I/B[- n—2~ﬁ T — <b,] for sine symmetry (Ta)
2n+1
z = /[—i' W—(bo]
s and y as above
(71b)
z = 1/B[nr — o).
Example 1
Open end:
X;=0, Rj=m (72a)
In this case,
= G;=0; (72b)
so that
6! =0; gs=0; 5,=0 (72¢)
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Accordingly

0 (73)

-0

¢; =} tan™! I:--l- ]
0

pPi= % tanh™! I:IJ

Inductively bridged end of low impedance :
X;= wL;<< R.; R; K X,-. (75a)

0. (74)

Example 2

In this case

B; = oL G;= oL <1 (75b)
so that
R, R, R;
Accordingly,
$; =} tan! (—_—2%11’> (76a)

The angle 2¢; is in the third quadrant and the argu-
ment of the inverse trigonometric function is small.
Hence

b = (f’ ﬂ) = (76b)
R

[

wL,-)( R,‘ >
s f — M —— — < 1. 77
o) (R, L (77)

In the case of low damping per unit length of line, as
defined by (65a) alone, (65f) and (65g) permit writing

L; Ic-L;
%e—’ - “"/iﬁi =Bk K 1. (78)

Similarly,

The equivalent bridge length k is defined by

k= %*’ : (79)
In the limiting case of
X;=0, R; =0, (80)
one has
;= —1x/2, p;=0. (81)
Example 3
End-bridged in the characteristic resistance
X;=0; R;=R.
In this case,
B;=0, G’=R%; (82a)

so that
b;=og;=10¢; &;= 1 (82b)
Accordingly,

d; =} tan™! [_2¢]. (83a)

—¢?
Since the angle 2¢; is in the third quadrant, one has
¢,=;[tan 2 —w] =—;[tan N "], (83D)
d 2 2
Similarly,
‘ . 4 2
pj = 3 tanh™! 2'_-*_ '¢2~ . (84)

In the special case of low line damping defined by
(65a) alone, (65g) gives ¢?<«1, so that one can write

¢ = —1/4é¢ + 7); p;— very large. (85)

Since for large values of the argument in hyperbolic
functions one can write

x 2 3; sinh x = cosh x = l¢7 > 10. (86)

Considerable simplification in the general expressions
(48) and (49) is possible if either end of the line is
terminated in the characteristic resistance. Thus, if
X,=0and R,=R,, (48a) reduces to the following form.
It must be recalled that y=s5—x, that p. is very large
according to (85), while p, is unrestricted.

V.l = Vat] etentm sinh (o + o)
+ cos? (Bz + &)}/ (87a)

The voltage distribution along the line between 0
and x (Fig. 1) is thus unchanged if Z,=R., but its
amplitude is small and it can never be a resonance
amplitude. If X,=0, R,=R, instead of X,=0, and
R,=R,, one has from (48a)

[V.] = | V.| etat=+on {sinh? (ay + p,)

+ sin® (By + &)} 12 (87b)
If both X,=0, Ry=R, and X.=0, R,=R., one has
Ve = 3| V.| elaGstartoten, (87¢)
ConcLusioN

The extreme generality and surprising simplicity of
the expressions (48) and (49) with (50) for the ampli-
tudes of current and potential difference along a trans-
mission line, and of the resonance and extremizing
conditions (59), (63), and (64) should make these
valuable in all transmission-line problems for which
less exact formulas are inadequate. These include, in
particular, many transmission-line methods for making
electrical measurements at ultra-high frequencies.

S




Civilian Receiver Design in 1942"

DORMAN D. ISRAEL{, MEMBER, LR.E.

Summary—While obviously not of direct combat use, the propa-
ganda, social, and economic contribution to the cause places civilian
radio strategically in the defense program. A minimum of 7} million
such receivers are needed annually to mainlain a satisfactory morale-
building propaganda machine. The engineer has a rare opportunily to
conlribute handsomely to the expedition of this work. Such a program
is outlined and a typical example ciled.

HE radio industry finds itself thrust involun-
T tarily into the most difficult program in its short

but eventful history. Small consolation may be
gained from the knowledge that hundreds of other
industries are in the same or worse predicament. One
hears so many opinions, numerous wild rumors, and
such pessimistic prognoses that it is easy to be bowled
over by the complex uncertainty that we face.

In the course of my preparation of this paper and,
incidentally, trying to work at my own job, I have dis-
cussed the subject with men in government bureaus,
military posts, and business-management capacities.
These interviews have been of great help because they
taught me that, regardless of details, each and every
one of us has two primary aims in common. We have a
war to win and an enemy to defeat. If we shall but look
at all our problems in the light of these two aims, we
shall be amazed at the clarity with which much of our
course defines itself.

Note that I recited a double-barreled aim. “We
have a war to win and an enemy to defeat.” I did not
give it that way merely for emphasis of restatement.
They are two almost separate but significantly equally
important tasks.

To “win a war” we devote every available resource
of material, mental, and physical nature to the task
of waging a combat sure enough to overpower any
opposition that the other side can summon at the
moment of contact. This is now an herculean job for
the democracies and their ally.

To “defeat an enemy” is even more of a challenge
to our ability and unity. It would be a sad sequel to a
successful war if the victor gets spoiled. It we lose all
the rights and liberties for which we are going to make
such large sacrifices, our enemies will be the sly victors
and we the ironically vanquished no matter how the
shooting comes out.

All of this sermonizing might seem to be quite
foreign to engineering and particularly to my subject
«Civilian Receiver Design in 1942” but believe me, it's
most pertinent. Let us realize that every problem we
solve and decision that we make must contribute its
share to winning the war and defeating the enemy. If

» Decimal classification: R361. Original manuscript received
by the Institute, November 19, 1941. Presented, Rochester Fall
Meeting, November 12, 1941. Published in the RMA Technical
Bulletin, December 5, 1941, In view of its timeliness, it is printed

herewith in exactly the same form as read at the meeting.
t Emerson Radioand Phonograph Corporation, New York, N. Y.

December, 1941
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only we can stick to this course we shall emerge from
this ordeal as an industry aglow with the knowledge of
having contributed intelligently to the cause and its
vindication.

Remembering this we can begin to see light on our
most important question, “Is there going to be any
civilian radio business in 1942?” Most certainly, there
should be if we are to do even one, let alone both of
our tasks. The obvious propaganda value of radio has
never been questioned by even the most hard-shelled
militarist or bureaucrat who would recommend the
abolition of all civilian industry. Just how many radios
this country needs and what their useful life is
becomes one of the moot questions that will determine
the fate of our own civilian industry. :

Let's make some “guesstimates.” Forty million is
generally conceded to be a good approximation of the
number of families in this country. If we provide each
family with a home radio, allow for an additional 10
million necessary for portable and office use, and then
equip 10 of the 20 million passenger automobiles, we
have a basic minimum quantity of 60-million civilian
radios that must be kept in operation strictly as
a propaganda unit. In peacetime we have learned
that the average life of civilian receivers is not over six
and perhaps more like four years. Allowing for an
intensification of service work, the life cycle might
be extended to eight years. This develops the simple
arithmetic conclusion that our propaganda machine
requires that at least 7} million new civilian radios be
produced per year. Actually, we all know that one
radio per family will not be adequate in many in-
stances because the additional income that is now and
will continued to be enjoyed by some will provoke the
natural desire for multiple radios. ’

It may be proposed that large installations in public
squares and auditoriums will take care of tens of
thousands of families at one time but the very vision
of this smacks of the un-American way. The family
unit is the foundation of democracy and regimented
listening cannot help but develop into enforced listen-
ing which is just a raised arm away from sig heiling
or its American equivalent.

“Winning the war” then requires that the way be
paved for the annual production of at least 7} million
radios for civilian use. How does this tally with our
second aim “defeating the enemy?” A lesson gained
from the depressed thirties was that the public will
go without much if it can have its radio entertainment.
In spite of all the criticism, the American sponsored-
program system has demonstrated that it gives the
public the most entertainment for the least apparent
cost. If the masses do not get this diversion from a

649
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nerve-racking daily (and perhaps nightly) grind, what
is there to take its place? Perhaps soapbox orators on
the street corner? “Social” clubs that teach ideologies
of hatred? “Free” bulletins and handbills of subversion ?
Surely the civilian radio with its great mass appeal and
publicly aired programs is the unchallenged leader
in wholesome American diversion and entertain-
ment.

The production of at least 7} million civilian re-
ceivers annually is needed to defeat the enemy in
another way. No matter how hard we try, it is a recog-
nized fact that we can never employ all of this coun-
try’'s workers in defense industry. True, many of the
present radio workers have skills that are needed and
must be utilized for defense. This transition is going to
take considerable time as anyone familiar with defense-
radio-production schedules well knows and the workers
must get along meanwhile. But even more significant
is the fact that civilian radio production can employ
thousands of workers who cannot be absorbed in any
defense work and yet need to eat, sleep, and become
useful to society just as must their more skilled fellow
Americans. An engineer who was in England through
all the 1940 blitzes summed it up aptly when he said
to me, “Morale cannot be maintained if one half of
the workers get $1.50 per hour and the other half
don't work.”

Returning again to our aims, let us consider, what
the radio enginecer will be called upon to do so that
the war will be won and the enemy defeated. In par-
ticular, the engineer can fall into a narrow, self-cen-
tered philosophy in these times. After years of irregular
employment and not too flattering material compensa-
tion, the engineer suddenly finds his scientific talents
in great demand. Many will have their heads turned
by frantic offers to purchase their skill. When they do
this, they will make more money for a while but what
will they have done toward “defeating the enemy?”
It is my firm conviction that an individual with the
skill of the engincer owes it to mankind to make that
skill serve the maximum number of people. If he finds
himself in active defense work his course is pretty well
set for him. However, if he is in any vestige of civilian
work he has an opportunity to go a long way down the
road toward “defeating the enemy.”

To do this the radio engineer in civilian radio work
must consider these four policies as virtually manda-
tory:

1. Standardize with a verve such as has never before

prevailed.

The economies in material and labor to be derived
from standardization are of long-recognized value.
The present emergency demands that normally
important but now petty commercial and manu-
facturing idiosyncrasies be abandoned for the
common cause. It has been most gratifying to
see this plan in actual operation within the spe-
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cialist groups of the Radio Manufacturers Asso-
ciation Materiel Burcau.

2. Meet changing conditions as they occur.

We have already seen aluminum get tight only
to find that it is currently casing up and copper
is the headache. A while back there was a lot of
newspaper talk about replacing metals with
plastics while those of us in the industry knew
that bakelite resin would surely become scarce.
This same type of thing is going to happen over
and over again for the duration. It behooves the
engineer to keep informed so that he can even
anticipate changes and be prepared to meet the
conditions in his stride,

3. Co-operate with and assist in the co-ordination
of government and management agencics.

As W. R. G. Baker pointed out,! 1942 is going to
require closer co-operation between business and
government than we have ever known. Already
our industry is forming an advisory board for
collaboration with the Office of Production Man-
agement. Panels of this group will be named.
The role of the enginecer will be to feed manage-
ment and thence the government with pertinent
data and conclusions that will lead to sound
operation of our civilian industry.

4. Make design decisions with due regard to the
obligation of the engineer to society,

On the heels of meeting changing conditions
and co-operating with business and government
comes this potent social contribution of the en-
gineer. Daily he will have to face the challenge of
the times. The casy course will be for him to keep
himself busy with cach problem as it arises and
let someone else worry about other details. The
trouble with this is that regardless of whether the
war is won or lost this myopian soul will find that
the enemy is the victor. The long-range approach
is for the engineer so to plan his designs that he
creates employment for the maximum number of
workers and furnishes the public with the greatest
amount of radio enjoyment from the materials
allotted to civilian industry.

Naturally, we are anxious at this time to learn of our
1942 allotments and try to set our course. Unfor-
tunately, we don't secure information that easily. The
task of allotting strategic materials to civilian industry
is of such magnitude and has such varied aspects that
those in government charged with this task have not
been able to make firm decisions yet on all materials.
I believe that progress is being made and that by the
end of 1941 some tangible status will be worked out
for our industry.

1 \.\'..R. G: Baker, Annual message of Radio Manufacturers
Association Director of Engineering, November 11, 1941.
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It is the hope of the industry that we shall be able to
get allotments of basic materials in contrast to an
allotment specifying how many radio units may be
made. When all is said and done, the allotment of
units implies an allotment of basic materials. Just
imagine a 75 per cent unit allotment with no other
stipulation. The engineer would be likely to get the
request from his management that everything up to
and perhaps including the kitchen sink be tossed into
the design. Why not? “The government said that the
number of units be cut to 75 per cent and we must
be patriotic.” A ridiculous extreme, yes, but some
may go part of the way. Certainly, it’s not a setup
that calls for engineering ingenuity and contribution.
There cannot be an incentive for the engineer to con-
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fits to civilian industry are such though that it will be
well worth our while to assist the government in all
possible ways to promote and expedite such a system.

Now let’s get down to something specific. I propose
to discuss typical but not necessarily all the design
changes that are now possible as a result of work done
by the Radio Manufacturers Association Materiel
Bureau and others. As an example I shall use a con-
ventional five-tube broadcast-band ac-dc superhetero-
dyne compact receiver. This design forms the back-
bone of American receivers and is familiar to all of
us. I shall, furthermore, consider this receiver for
1942 in comparison with its 1940 construction. 1941
has been a year in which certain transitional effects
were present to a greater or lesser degree.

TABLE 1
| Iron Brass, | l . l
and Copper, Aluminum Tin Lead Nickel Cobalt Bakelite Silver
Steel and Bronze | 1
194019421942 1940(1942/1942| 1940 1942 1942 1940 1942 1942 1940 1942 1942 1940 | 1942 | 1942 1940 1942(1942 1940 19421942 1940 1942|1942
A "BY| AT B B |a|B| |A|B |A[B | |A B |A|B]| A B
I ] - N = =1 ==
Loud Speaker 1.15/1.28/1. 280 24 X X — IO 02x0 02 | | — /0.04 |0.04 | — |O. 050 0s |
Variable Conden- | | [ |
ser or Permea- | '
bility Tuner [0.38 0. 68t0 39 X X [0.10  — X | X! X | X|[x]| X X | X| X |
Loop Antenna 0.08 — 1 | _ ‘0.08 =
Chassis 0.82) X | X | | [ ] | [ [
Brackets and | I I
Hardware 0.240.150.15 | — 10.20/0.20 \
Intermediate- | | ' | | | |
Frequency | | | | | | | | |
Transformer 0.03/0.040.040.03 — | — wO 0s '0 X | X | X | X [0.030.03] X X X | | X | — 10.02(0.02
Other Coils | X | — | | | I | — |0-01/0.03
Hookup Wire and | | ‘ | ‘ ‘ i
Line Cord [ ] |0060060 | x| x| x| x| x|x | ,
Electrolytics [ X | >< X| x| x| X |o owo 03 0.03 [ | [ I ‘
Paper Condenser | | | | | |
and Resistors 0.04/0.040.04/0.026| — | — | X | X | X | X [0.12[0.12 | |
Sockets — 10.030.03/0.03) — | — | | | X |
Controls 0.210.26/0.26/0.05 X z . ' [ |
Cabinet and | | i
Knobs X | X | X | 1.8 -
Remainder and | ‘ | ] | | { | | ‘
X (0.0210.02/0.02/0.010.01/0.01| — | — | — |0.060.06/0.060.040.04/0. 070 (l')3|0 003/0.003 0.2 ]0 2 |0 2
Total 2.852.462.17|0.53/0.11.0.11/0.19 [0.0S 0.05[0.06‘0.060 060 04‘0 3910.42/0. (l')3|0 043 0. 043 — 10. 05l0 052.0 0.2 0.2 | — |0.11/0.05
Decrease or | | | | | [ l I | l | '
Increase |0.390.68 10.42,0.42| 10.14/0.14 I 0 0 0. 350 38' 0.04 0.04 | 0. 050 05 ll.8 1.8 l0.11l0.05

serve strategic materials. On the contrary, he is en-
couraged to waste them if he can get away with it.

If we are given our allotments in the form of basic-
material tonnage, we will be faced with a real challenge
to our ingenuity. If given a free hand to use the allotted
materials to best advantage, we are almost certain to
produce more than the apparent percentage of units
from the allotted materials. Furthermore, the govern-
ment agencies need not stipulate allotments on the
basis of discrete proportions between various materials.
Rather, they can allocate on the logical basis of ma-
terials available after due planning of direct defense
needs. In this way the engineer can go still farther
toward using available materials for the maximum
service. Thus it might be said that allotments of basic
materials are the result of and further encourage an
exchange of confidences between business and govern-
ment.

Unquestionably, this allocating of basic materials to
various industries is a gigantic undertaking. The bene-

I have prepared Table I for reference. With one ex
ception it typifies what is now in sight and indicated
for the receiver under consideration. All figures are in
pounds per receiver. Details are bound to differ be-
tween different designers and their products but in
general the trend is as indicated.

The 1940 receiver used a steel chassis weighing 0.82
pound and an aluminum-plate variable condenser.
The 1942A chassis is similar but uses all steel plates in
the gang condenser. If aluminum rotor end plates are
necessary then a slight amount must be added but
since the total rotor- and stator-plate weight was only
one tenth of a pound in 1940, the two or four plates
won't amount to much if needed. 1942B chassis differs
in tuner and circuit. Permeability tuning is indicated
and along with it, the elimination of the loop antenna.
A lead-foil capacitance plate is substituted and an
antenna coil used.

Both A and B 1942 receivers shown may use some-
thing other than a steel chassis. Perhaps it will be
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ceramic or it may be a pressed board or heavy mache.
Lead foil or spray will be used for shielding within the
chassis. '

Under present conditions, it is hoped that aluminum,
nickel, and cobalt will be allotted to the industry in the
extremely small quantitics necessary to permit the
elimination of the electromagnetic field using 0.24 of
a pound of copper in 1940. If alnico V can be procured
a 0.2-pound magnet (including scrap) will work ad-
mirably and use only 0.02 of a pound of aluminum,
0.04 of nicke] and 0.05 of cobalt. Additional filter
capacitance using 0.016 of a pound of aluminum foil
should be used but the net saving of aluminum in the
receiver will, nevertheless, be 0.14 out of a total of
0.19 used in 1940 or almost 75 per cent reduction.

It is probable that if alnico V is used, the steel used
in the speaker will decline abruptly with redesign of
the magnetic circuit. This is the exception that has
not been allowed in the chart as a saving. On the con-
trary, the amount of steel in the speaker rises in 1942
on our table because of the slight iron content of the
magnet. Nevertheless, other chassis savings bring the
net amount of steel shown in the table down for the
entire set. Once the weight of the pot structure is
brought down substantially through the use of alnico
V, the frame might conceivably become some other
material of nonstrategic nature.

At the risk of being branded as feebly dramatic, I
propose in all seriousness, since we have eliminated
the 0.24 of a pound of copper in the 1940 clectro-
dynamic speaker field, we have maneuvered ourselves
to stage a real “coup de copper.” I find that silver wire
isabout 12 times the cost of copper wire. The condenser-
tuned radio uses 0.08 of a pound of copper in the loop
antenna. By using iron cup intermediate-frequency
cores we can design the two intermediate-frequency
transformers to use 0.02 of a pound of wire. Adding
0.01 for the oscillator coil this totals 0.11 of a pound of
silver and our cost rises about 30 cents per set. This
program and the electromagnetic-field saving gives us a
reduction of 0.42 of a pound out of a 1940 usage of
0.52 of a pound of copper equivalent to about 80 per
cent.

The set tabulated used a bakelite cabinet. This has
been eliminated in 1942 in favor of wood or one of the
many other alternate but admittedly more expensive
materials. The small amount of bakelite that may be
allotted to civilian radio in 1942 will not justify volume
usage for cabinets.

We can go on, cutting down on bracket and dial-face
steel through further use of crude ceramics and avail-
able low-grade plastics and even glass. Socket springs
can be made of plated steel; lead foil may be used in
paper condensers instead of aluminum; steel shafts
instead of brass for controls and the like. All these
minor elements add up and perform amazing results

in the end.
You will observe that I suggest that copper wire be

retained for hookup wire and the line cord. There are
several good and sound reasons for this.

1. They are loose elements around a factory and
petty thievery would certainly develop if silver
were used. Not that anyone would get rich or a
manufacturer go broke but these wires will be
covered with insulation composed of more or
less scarce materials and applied to the wire
with precious machine hours. The first move by
the thief would be to burn off the insulation so
that the wire can be turned into cash. For the
amount of wire used, it is my opinion that the
industry should be allotted the copper for this
reason alone.

2. The underwriters have certain basic and sound
requirements for line cords and while an alternate
for copper might be found, it now seems that the
war may be over before it is approved. Perhaps a
reconsideration will be allowed.

3. The insulation-braiding equipment available is at
a great premium. In fact, direct defense needs
may use all of this country’s capacity. At any
rate, the wire to be insulated must have such
mechanical properties that the machines work at
peak efficiency and with freedom from break-
down. I am told that this is not the case with
steel wire,

4. For hookup wire use, assuming that steel or iron
wire can be insulated suitably, it must be plated
to permit easy and effective soldering by workers
of indifferent skill. Furthermore, thorough and
elaborate rustproofing is necessary or the service
failures will be terrific.

The symbol “X” on the chart is used to designate
that a very small amount of the material indicated is
used. The actual amount is not given in the individual
column because it would be confusing. However, this
amount is included in the column designated “Re-
mainder and X” so that the “total” column includes
every bit of the indicated material.

The designation “—” in the chart is to indicate that
the material used in one case is not used in another
variation of the receiver. In other words, “—” indicates
the complete climination of the specific material,

Tubes are not listed in the chart but remarkable
things have been and are being accomplished by the
tube engineers. About half of the nickel used has been
replaced by iron. Copper side rods are becoming silver-
alloy side rods. Nickel-plated brass base rings are
giving way to the use of less strategically important
materials. An alternate for nickel-plated-brass base
pins has not been found in spite of painstaking cffort
so our industry must plead for consideration and an
allocation in this matter.

Receiver engineers should co-operate by avoiding
the peacetime luxury of tube loading in their designs.
Simple multiple-purpose tube structures should be
used to conserve tube materials but tricky tubes

.
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causing high production shrinkage in tube manufac-
ture are a waste.

I want to repeat that the tabulation shown is just
one example of hundreds of designs. I hope that those
who have not taken the pains to prepare similar ones
for their own products will now do so because amazing
things show up. Certainly, it is the orderly approach
to our problem.

Civilian radio design in 1942 will surely be a formi-

dable challenge to the engineer’s ingenuity. Neverthe-
less the replenishment at the minimum rate of 7}
million new radios per year is his obligation to our
propaganda unit. With the help of basic-material
allocations he will come through. The happiness of
those workers who will thereby earn their living and
all those who will enjoy the use and companionship of
these radios should be a thrilling gratification to such
engineers.

High-Frequency Radio Transmission Conditions,
October, 1941, with Predictions for January,
and February, 1942

NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C.

observations at Washington, D. C., of long-
distance reception and of the ionosphere. Fig. 1
gives the October average values of maximum usable
frequencies, for quiet days (hitherto called undisturbed
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Fig. 1—Maximum usable frequencies for dependable radio trans-
mission via the regular layers, average for quiet days, for
October, 1941, These curves and those of Figs. 2 and 3 also
give skip distances, since the maximum usable frequency for a
given distance is the frequency for which that distance is the
skip distance.

days) for radio transmission by way of the regular
layers of the ionosphere. The regular-layer maximum
usable frequencies were determined by the F layer at

* Decimal classification: R113.61. Original manuscript received
by the Institute, November 19, 1941.
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night and by the F, layer during the day. Figs. 2 and
3 give the expected values of the maximum usable
frequencies for radio transmission by the way of the
regular layers, average for quiet days, for January and
February, 1942, respectively.
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Fig. 2—Predicted maximum usable frequencies for dependable
radio transmission via the regular layers, average for quiet days,
for January, 1942, For information on use in practical radio
transmission problems, see the pamphlets “Radio transmission
and the ionosphere” and “Distance ranges of radio waves,”
obtainable from the National Bureau of Standards, Washing-
ton, D. C., on request.

Average critical frequencies and virtual heights of
the ionospheric layers as observed at Washington,
D. C., during October are given in Fig. 4. Critical fre-
quencies for cach day of the month are given in Fig. §.

Beginning this month, Table I includes all days of
the month and not merely stormy days (i.c., iono-
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spherically stormy days). Average ionospheric and
magnetic character figures are given for each Green-
wich half day. Ionospheric character figures are based
on deviations of ionospheric characteristics from aver-
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Fig. 3—Predicted maximum usable frequencies for depenﬂal?le
radio transmission via the regular layers, average for quiet
days, for February, 1942.

age. The magnetic character figures are, as usual, based
on ranges of magnetic variation, as reported by seven
American-operated observatories. The term “average
for undisturbed days” has been replaced by “average
for quiet days.” For radio transmission studies, days
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with character figures of 0, 1, or 2 are considered
“quiet” and days with character figures 3 or greater
are considered “stormy” and are not included in the
average for quiet days.
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Fig. 5—Midnight and noon critical frequencies for each day of

October. Open circle indicates the critical frequency observed
during the ionospheric storm.

The following periods were considered stormy (all
times E.S.T.):

0100 through 0500 October 12

0100 through 0600 October 13

0300 through 0600 October 15

2300 October 30 through 0600 October 31

1600 October 31 through 0600 November 3.
The mild ionospheric storm in progress at 0000

TABLE 1
IoNosPHERIC STORMINESS

lonospheric character! Magnetic character?
Day 00-12 12-24 00-12 12-24
G.M.T. G.M.T. G.M.T. G.M.T.

October
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October 31 is indicated by the open circle in Fig. 5.
No sudden ionospheric disturbances were observed

during the month.

Table Il gives the approximate maximum usable

APPROXIMATE MaAXxiMuM UsSABLE FREQUENCIES IN MEGACVCLES, FOR RADIO TRANSMISSION BY MEANS

Day

National Bureau of Standards:

High-Frequency Transmisson
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frequencies for good radio transmission by means of
sporadic-E reflections (as observed at Washington;

sporadic-E conditions are patchy, not uniform over

wide areas).

TABLE 11

OF STRONG SPORADIC-E REFLECTIONS, AT WASHINGTON!

Hour, E.S.T,
10 11

00 01 02 03 04 0s 06 07 08 09 12 13 14 1S 16 17 18 19 20 21 22 23
Oct.
9 21 21 17

10 16 17 15 16 16 15 29 33 16

12 15 18 15 15 17 22

13 15 16 15 17 18 16 15 15 1§

14 15 19 16 15 15

16 16 17 19 19 18 15 15 1§ 18 1S 17
17 18 18 15 NR - = -

18 14 18 15 16 15
19 16 15 15 15 32 33 23 21 21 33

20 15 16 22 18 1S 23 44 24 24 27
21 28 18 18 19 16 17 18 31 33 43 27 38 34 18 17 15
22 17 17 13 15 23 17 22 21 25 34 16 15

23 17 16 15 45 16 1S 22 23 34 23
24 18 15 15 17

25 14 14 15 - 15 14
26 14 15 22 17 23 27 45 33 24
27 18 15 17 23 15 1§

28 23 1S 14 15
29 16 16 23

30 15 15 19
31

1 “NR” indicates recorder not operating.

Books

Fourier Series and Boundary
Value Problems, by Ruel V.
Churchill

Published by McGraw-Hill Book Com-
pany, 330 West 42nd St., New York, N. Y.
201 pages+4-page index-+ix. 8 figures.
631" X91". Price, $2.50.

The study of fields is of fundamental
importance to the radio engineer. The
mathematical relations in field theory re-
quire a knowledge of the solution of
boundary value problems. This knowledge
is of particular importance for the under-
standing of the techniques in the micro-
wave field where wave guides and cavity
resonators are extensively used to provide
the boundary conditions, and ordinary
circuit theory is inadequate.

The literature in this field which can
be used by an engineer for independent
study is meager and this volume is a con-
tribution to a real need. Training in ad-
vanced calculus and ordinary differential
equations is assumed and the rigor of the
development will require that it be di-
gested slowly by most engineers.

Examples from the field of physics are
used to introduce the reader to the concept
of orthogonal sets of functions and to the
basic ideas of the use of such functions in
representing arbitrary functions. The
Fourier series, Fourier integral, Bessel
functions, and Legendre polynomials are
treated and problems in the appropriate
co-ordinate systems are introduced to show
their application. The omission of Fourier
transforms is to be regretted since electrical
problems yield best to this form of the
Fourier integral.

The book would be an excellent text
for the introduction of graduate students
in physics and electrical engineering to
this subject.

W. L. EVERITT
The Ohio State University
Columbus, Ohio

Vacuum Tube Voltmeters, by
John F. Rider

Published by John F. Rider Publisher.
Inc., 404 Fourth Avenue, New York, N. Y,
176+xi pages+3-page index. 111 figures,
51" X8%". Price, $1.50.

This book should be an extremely use-
ful practical manual for users of vacuum-
tube voltmeters. The first few chapters
present simple, elementary, clearly ex-
pressed and illustrated descriptions of the
circuit behavior of the common types of
vacuum-tube voltmeters. Circuit dia-
grams, including magnitudes of circuit
elements, are given for many typical ar-
rangements used for direct-current, audio
alternating-current, and radio-frequency
alternating-current measurements. Com-
parisons of operation and use of peak,
average, square-law, and other types of
wave-form response are included, also dis-
cussions of linear, square-law, logarithmic,
and decibel scales. Toward the end there
is a useful summary of design and con-
struction considerations, such as choice of
tubes and resistors, leakage currents, input
impedance limitations, by-passing, cali-
bration stability, frequency errors, etc.,
also a useful chapter on calibration meth-
ods. The descriptions cover very satis-

factorily the range of common types and
uses of vacuum-tube voltmeters, including
those used for signal tracing and those em-
ployed for ultra-high-frequency work. The
author is occasionally careless in strictly
electronic terminology, as for example in
applying the term “contact potential” to
small potential differences caused by high-
initial-energy electron emission.

W. G. Dow

University of Michigan

Ann Arbor, Michigan

Radio Facsimile (Volume I,
1938)

Published by RCA Institutes Tech-
nical Press, 75 Varick Street, New York,
N. Y. 3534xi pages. 219 figures. 6"x 9",
Price $1.00 paper bound.

This is a collection of papers by en-
gineers of the RCA Laboratories on the
radio transmission and recording of images.
As explained in the preface, it “may be
regarded as the first book, or thesis, de-
voted exclusively to radio facsimile.” The
papers it includes have been arranged
chronologically under four general head-
ings that effectively cover the history of
facsimile development and the applica-
tions to communication and broadcasting.

Separately, these papers describe major
contributions in the field of radio facsimile;
collectively they provide an interesting
record of progress and an indication of de-
velopment trends that will stimulate the
imagination.

R. K. PorTER
Bell Telephone Laboratories, Inc.
New York, N. Y.
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THE INSTITUTE MOVES AHEAD IN 1941

The year 1941 has been an active
one for the Institute. The more im-
portant developments and changes
that have taken place are here sum-
marized for this final issue of the
1941 volume of the PROCEEDINGS.

PRoCEEDINGS: At the beginning of
the year the ProceepiNGs was 23
months behind schedule. This final
issue of the 1941 volume comes
from the press on time—a result
of many hours of hard and effective
work put in for the Institute by
Dr. Goldsmith, Dr. Shackelford,
Mr. Harold Wheeler, Mr. Dorman
Israel, Dr. Everitt, and numerous
others. Furthermore, the average
thickness of each issue has been
increased by nearly 15 per cent
with the result that the first ten
issues of the 1941 volume con-
tained approximately the same
number of pages as the entire 1940
volume. The PROCEEDINGS is still not
as thick as desired, but the changes
made are in the right direction.

A special effort has been made,
and with some success, to increase
the number of engineering papers
that would be of practical assist-
ance to the radio engineer in his
daily work. Effort has also been
successfully made to increase the
number of published papers that
relate to fields not adequately
covered by papers voluntarily sub-
mitted, such as the broadcast
transmitter and the receiver fields.
The scope of acceptable papers has
been widened to include papers
that contain material, which, while
not new, would be of interest and
value to a considerable number of
Institute members. Several such
tutorial papers appear in the 1941
volume, and others have been
promised that will be published in
1942,

Advertising: Beginning with
the January, 1941, issue certain
changes were made in the cover
and arrangement of the PRoOCEED-
INGs to facilitate the acceptance of
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color advertisements. This has in-
creased the net income from ad-
vertising during 1941 by about
$2000.

Early in the year an increased
advertising effort began to be made
on a volunteer basis by some old
friends of the Institute. This led,
late in 1941, to an arrangement
whereby the Institute obtained the
services of an experienced adver-
tising man, William C. Copp, on
terms within the scope of the In-
stitute budget.

The advertising billings for the
last several issues of 1941 are up
over 60 per cent above the average
for 1940 before color began to be
accepted, and are more than 30 per
cent greater than for the early is-
sues of 1941 (which contained
color). Further increase is expected
as a result of Mr. Copp’s efforts.

More advertising revenue means
a better and bigger PRrOCEEDINGS
and more service to Institute mem-
bers without extra expense to them.

Yearbook: Work was initiated
on a new Yearbook, the first since
1937. This will appear in the spring
of 1942, It will list the more than
6000 members of Junior and higher
grade as of January 20, 1942, and
will be the only ‘“Who’s Who of
Radio Engineering” in existence.

Survey of Membership Prefer-
ences: For the first time in Insti-
tute history a poll was made to
determine membership preference

FORTHCOMING
MEETINGS

Winter Convention
New York, N. Y.
January 12, 13, and 14, 1942

Summer Convention
Cleveland, Ohio -
June 29, 30, and July 1, 1042
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on editorial and other matters.

Results tabulated to date indi-
cate that the present mathematical
level of the ProceepiNgs is ap-
proved and that most members
would like the space devoted to
committee and section activities
reduced so that more papers could
be published; also, of those who
did express an opinion on the New
York meetings, well over two-
thirds felt that they should be
called meetings of the ‘““New York
Section,” but that slightly over half
of those marking the questionnaire
had no opinion on this subject.

Results on editorial preferences
are now being compiled and will be
used in guiding the editorial policy
of the 1942 volume of the Proceep-
INGS,

Membership: The Institute paid
membership at the end of 1941 will
be about 7000, an all-time high,
and a gain of about 1300 over 1940.
This gain has been the result of a
positive policy of membership pro-
motion, combined with more than
average effort to retain members.
The result has been a large in-
crease (over 50 per cent) in the
number of new members elected,
an even greater increase (over 150
per cent) in the number of former
members reinstated to member-
ship, and the lowest number of
members of Associate and higher
grades dropping out of the In-
stitute in many years.

Study of the membership sta-
tistics indicates that improved busi-
ness conditions in the radio in-
dustry, while an important con-
tributing factor in this gain in
membership, have not been the
most important factor. The expla-
nation of this year's gains largely
lies in the hundreds of letters that
have been written to prospective
and past members of the Institute
during the year, in personal con-
tacts with such individuals, and in
the systematic follow-up of those

December, 1941



who did not pay their 1941 dues
promptly.

Numerous individuals partici-
pated in this work. The many
names suggested by I.LR.E. mem-
bers in connection with the Year-
book questionnaire were especially
valuable, as they have proved to be
the best prospect list the Institute
has been able to find.

Student and University Rela-
tions: The program begun three
years ago to develop the possibili-
ties of the student grade of mem-
bership has been continued and
expanded. The close of this year
will see approximately 950 student
members, as compared with 314 at
the end of 1938, and in this Octo-
ber alone the number of student
applications was 153, compared
with 130 for the entire year of 1938!

A system was put in operation in
March whereby a faculty member
is appointed as official Institute
Representative at each university
which has shown an interest in
LR.E. student membership. Along
with this, a membership drive was
carried on among college profes-
sors, which resulted in some sixty
teachers of radio joining the In-
stitute.

Students are now becoming
an important source of Associate
members. During 1941 approxi-
mately 180 will become Associate
members, compared with 81 in
1940 and still fewer in previous
years.

New Sections: During the year
the Dallas-Fort Worth, Kansas
City, and Twin Cities sections were
established, and one section that
had been dormant for the two pre-

Board of Directors

A regular meeting of the Board of Di-
rectors was held on November 5 and was
attended by F. E. Terman, president;
Haraden Pratt, treasurer; Alfred N. Gold-
smith, editor; Austin Bailey, A. B. Cham-
berlain, 1. S. Coggeshall, Melville East-
ham, H. T. Friis, R. A. Heising, L. C. F.
Horle, C. M. Jansky, Jr., B. J. Thompson,

Institute News and Radio Notes

vious years became active again.
The possibility of petitioning for a
section is now being discussed by
several additional groups.

This expansion of section activity
is largely the result of a new policy
adopted by the Board of Directors
whereby the formation of a new
section is encouraged whenever it
appears that a membership in ex-
cess of 25 Associates, Members,
and Fellows can be maintained.

Office Operation: Trouble has
been experienced in the past in the
handling of Institute correspond-
ence, from slow reviewing of
papers, and by clerical delays in
preparing standards reports. These
difficulties have lost the Institute
friends and dulled the interest of
volunteer workers.

In a first attempt to remedy this
situation, $1400 worth of dictating
equipment was purchased and a
new employee added to the head-
quarters staff. When these meas-
ures failed to give the hoped-for
result, a business expert was em-
ployed to study the office and its
operations. His report on this in-
vestigation will be made to the
Board of Directors at the December
meeting.

Executive Committee: The Ex-
executive Committee has been de-
veloped into an effective instru-
ment for carrying out the policies
established by the Board of Di-
rectors, and for relieving the Board
of details so that it may have more
time to consider policy matters.

The new Executive Committee
setup, originated largely by Past-
President Heising, also places in a
definite way, responsibility for the

H. M. Turner, A. F. Van Dyck, H. A.
Wheeler, and H, P. Westman, secretary,

There will be included in the 1942 Year-
book the names of all paid members as of
December 31, 1941 and, in addition, the
names of newly elected members whose
entrance fees and dues have been paid by
January 20, 1942,

President-elect Van Dyck was ap-

pointed a member of the Executive Com-
mittee,
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proper functioning of each major
activity of the Institute. Thus one
member of the Executive Commit-
tee is responsible for office opera-
tions, another concentrates on
technical committees, etc. This is
a great advance over the past,
where the Board of Directors at-
tempted to exercise all manage-
ment functions as well as to estab-
lish policies, but failed to function
effectively in the former respect,
because of being too large. What
is 21 individuals’ business tends
to become no one’s business.

Regional Representation on
Board of Directors: The Board of
Directors recognized the desirabil-
ity of insuring that members some
distance from New York City par-
ticipate in the Institute manage-
ment through representatives of
their own choosing, and the desira-
bility of placing the responsibility
for the Institute welfare in each
region in a definite way upon one in
close contact with the area. To this
end, there was submitted to the
voting members a constitutional
amendment for the establishing of
regional Directors.

This ‘amendment received 74.5
per cent of the votes cast on the
question, but was 8 votes short of
obtaining the three-fourths major-
ity required by the constitution.

This problem accordingly still
remains to be faced. It must be
solved, since the wishes of nearly
three fourths of the membership
cannot be ignored on a vital mat-
ter without undermining the con-
fidence of the membership in the
organization.

Frederick Emmons Terman
President, 1941

The Tellers Committee reported on the
election for officers: A. F. Van Dyck was
elected president and W. A. Rush vice-
president for 1942, A. B. Chamberlain,
W. L. Everitt, and B. J. Thompson will
serve as directors for the period 1942-1944,

The following report was submitted by
the Tellers Committee on the ballots cast
in the voting on proposed changes in the
Constitution. In such balloting, at least
20 per cent of all voting members must
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Per cent Votes
Votes of required Yes No
received voting to
members  approve
Regional Directors 1577 419, 1183 1175 402
Member Grade, Art. I1, Sec. 3 (b) 1612 429, 1209 1451 161
Member Grade, Art, I, Sec. 3 (c-1) 1595 419, 1197 1424 17
Equalize Member and Fellow En-
trance Fees 1606 419, 1205 1266 340
Appointment of Committees 1602 419, 1202 1408 194
Appointment of Directors 1598 419, 1199 1528 70

participate and at least three quarters of
the votes cast must be affirmative to adopt
a proposal.

It will be noted that all amendments,
with the exception of that for regional
directors, were approved and become effec-
tive December S, 1941, The proposal to
establish regional directors failed by 8
votes.

Section 16 of the Institute By-laws
was amended to read as follows.

Sec. 16—A bill shall be sent to each
member not later than December 1 cover-
ing his dues for the following year. A sec-
ond bill shall be mailed on or about Febru-
ary first to each member whose dues
remain unpaid. Not later than March first,
each member whose dues remain unpaid
shall be so notified by the Secretary and
informed that, in accordance with Article
I11, Section 7, of the Constitution, should
his dues remain unpaid after March 31,
his membership will terminate and he will
lose the right to vote and to raceive the
publications of the Institute. On April
first, the name of each member whose dues
remains unpaid shall be removed from the
roll of membership and such member shall
be sent a notice to the effect that according
to Article III, Section 7, his membership
in the Institute has in fact terminated.
The list of such terminated memberships
shall be turned over to the Membership.
Committee.

To clarify certain reports to prospective
advertisers, the following two new Bylaws
were adopted.

Sec. 53—The price of a single annual
subscription to the PROCEEDINGs fof a
Fellow, Member, or Associate shall be
$5.00, to be included in his annual dues as
specified in Article IV of the Constitution.

Sec. 54—The price of copies of the
PROCEEDINGS supplied to a newly admitted
Fellow, Member, or Associate in advance
of the period for which dues are payable
shall be included in his entrance fee which
is specified in Article IV of the Constitu-
tion, .

Another new section of the Bylaws
was approved and follows.

Sec. 00—The Secretary shall, as soon
as possible after the end of each year,
present to the Board of Directors a report
giving the number of members of each
grade at the close of the year, and the

gains and losses in cach grade of member-
ship during the year as a result of elec-
tions, transfers, reinstatements, deaths,
resignations, failure to pay dues, and all
other causes. This report shall also give
the number of newly elected members
whose elections become void during the
year through failure to pay entrance fee
and initial dues, and the number of newly
clected members who at the end of the
year have not yet paid entrance fee and
initial dues but whose election is still effec-
tive as of that date.

The Appointments Committee will

comprise A. Fu Van Dyck, chairman; A.B..

Chamberlain, B. J. Thompson, H. M.
Turner, and . A. Wheeler. It submits to
the Board of Directors a list of candidates
for secretary, treasurer, editor, and ap-
pointed directors, and of the chairmen
and members of the Awards, Constitution
and Laws, Executive, Nominations, and
Tellers Committees.

On the recommendation of the Awards
Comnmiittee, the Medal of Honor for 1942
was awarded to Dr. A. H. Taylor.

Also on the recommendation of the
Awards Committee, the following were
advanced to Fellow grade: W. L. Barrow,
G. H. Brown, Geoffry Builder, A. B.
Chamberlain, E. D. Cook, H. A. Knowles,
W. P. Mason, H. O. Peterson, and G. C.
Southworth. !

Last* August, questionnaires were
mailed to the membership. Tabulations
are available on about 3700 of the ques-
tionnaires concerning the ProcEEDINGS
and New York mcetings. On the question
of the mathematical level of the PRocEED-
INGS, 69 per cent thought it about right
and 25 per cent considered it too high.
These views will be observed in the sched-
uling of future material for the ProcEED.
INGS.

In regard to the publication of com-
mittee and section activities reports, 5§
per cent considered it more desirable to
use this space for technical papers while
37 per cent preferred a continuation of the
present reports. In view of these votes, the
future PROCEEDINGS will carry only a tabu-
ation of the committee meetings which are
held and the section meetings which occur.
Summaries of the papers presented at
section meetings will be omitted.

The returns on the questions of estab-
lishing a New York section or ¢ontinuing
in New York with “Meetings of the In.
stitute” was considered indecisive in that
60 per cent indicated no opinion.

December

PEDER OLUF PEDERSEN
1874-1941

Peder Oluf Pedersen was born on
June 19, 1874, in Sig, Denmark. He
was graduated with honor in civil en-
gineering in 1897 from the Royal Tech-
nical College. His education was made
possible through the interest of the
King of Denmark, °

He developed an snterest in electrical
research work soon after his gradua-
tion. In 1899 he became associated with
Valdemar Poulsen and assisted in the
development of the telegraphone and the
arc transmitter,

He was appointed Assistant Pro-
Jesor in 1909 and Professor in 1912 in
Telegraphy, Telephony, and Radio at
the Royal College in Copenhagen. In
1922, he became Principal of that col-
lege. The University of Copenhagen
conferred a Ph.D. degree on him sn
1929.

His contributions to the technical
press on his experimental researches in
electrophysics and electrotechnics were
extensive. :

Dr. Pedersen received the Gold
Medal of the Royal Danishk Society of
Sciences in 1909, and was ewarded
the C. H. Ocersted Medal in 1927. The
Institute’'s Medal of Honor was awarded
to him in 1930,

He held membership in many lech-
nical societies and was president of
several. He joined the Institute as a
Fellow in 1915 and served as Vice-
President during 1939

s death occurred in Copenhagen
on August 30, 1941,

Executive Committee

A meeting of the Executive committee
was held on November 4 and was attended
by F. E. Terman, president; Melville
Eastham, Alfred N. Goldsmith, editor;
Haraden Pratt, treasurer; B. J. Thomp-
son, and H, P. Westman, secretary,

Applications for Member grade num-
bering 14 for admission and 17 for transfer
were approved,

L




1941

Approval was granted of 99 applica-
tions for Associate, 11 for Junior, and 153
for Student membership.

A report was received from H. B. Rich-
mond, chairman of the Engineering Regis-
tration Committee, on a law recently
signed by the Governor of Massachusetts.
This law does not require the registration
of engineers practicing within the state.
It provides a means whereby Massachu-
setts engineers practicing outside of the
state may obtain registration and, as a
result, such reciprocity as may be avail-
able from the state in which they are
operating.

Special Papers

The Committee on Special Papers ex-
presses its appreciation of the co-operation
of the following authors who have con-
tributed invited papers to the PROCEED-
INGS during 1941:

Dudley Foster Kenneth A. Norton
Alan M. Glover Ralph A. Powers
Peter C. Goldmark E. H. Scott

Pierre Mertz H. P. Thomas
Garrard Mountjoy Sidney K. Wolf

| e

Committee and Section
Reports

In the answers to the recent
questionnaire sent to the member-
ship of the Institute, the members
indicated their preference for more
space devoted to papers. The member-
ship approved reduction in space de-
voted to other matters, including
information on section and commit-
tee meetings.

Accordingly, the new policy de-
sired by the membership has been
put into immediate force. This issue
of the PROCEEDINGS contains one
more paper than was originally
planned. The inclusion of this paper
therefore marks the first application
of the editorial policy desired by the
membership and adopted for the
PROCEEDINGS.

Section Meetings

BUENOS AIRES

“Acoustic Problems in Modern Architec-
ture,” by Frederico G. Malvarez, August
29.

“Single-Sideband Transmission,” by R. H.
Scott, September 12

“Discussion on Propagation,” September
19.

4Second Discussion on
October 2.

“Third Discussion on Propagation,” Octo-
ber 16.

“Illumination,” by Salvador Masson, Chief
of Power Plants and Telephones, Re-
public of Uruguay, October 24.

Propagation,”
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CINCINNATI

“Auditory Phenomena in Radio Trans-
mission,” by L. A. de Rosa, National
Cash Register Company, October 21.

“Historical Sketch, New Developments,
and Unusual Featuresof the Lake Ship-
to-Shore Communication System,” by
H. E. Hageman, D. A. Heisner, and
H. P. Bosweau, Lorain County Radio
Corporation, October 30.

DETROIT

“Radio as Used by the State of Michigan,”
by Ralph O. Williams, Emergency Serv-
ices, September 26.

“Klystron Oscillator,” by G. P. Brew-
ington, Lawrence Institute of Technol-
ogy, October 17.

EMPORIUM

“Inspection Trip Through the Acme Elec-
tric and Manufacturing Company Plant,
October 18.

“Color Television,” by John N. Dyer,
Columbia Broadcasting System, Octo-
ber 30.

INDIANAPOLIS

“Design and Production Considerations in
Frequency Modulation Receivers,” by
Marvin Hobbs, E. H. Scott Laboratories,
October 24.

Los ANGELES

“Directional Antennas, with Special Refer-
ence to the KECA Installation,” by
George Curran, Earl C. Anthony, Inc,,
October 21.

CHILADELPHIA

“Magnetic Alloys in Communication Ap-
paratus,” by V. E. Legg, Bell Telephone
Laboratories, Inc., October 2.

PITTSBURGH

“Central Distribution of Music Over
Leased-Wire Services,” by V. B. Bretzin,
Voco Tele Music Corporation, October
13.

SAN FRANCISCO

“Current Division in Plane-Electrode
Triodes” (Review of previously pub-
lished article), by Karl Spangenberg,
Stanford University, October 22,

“Manufacture and Operation of Glass
Lathes for the Construction of Vacuum
Tubes,” by Charles V. Litton, Litton
Engineering Laboratories, October 22.

“Design and Adjustment of Broadcast An-
tenna Arrays,” by Norman Webster,
McClatchy Broadcasting System, No-
vember 14,

ToroNTO

“Electricity—The Handmaiden of the
Air Force,” by Group-Captain C. H.
Keith, Royal Air Force Bombing and
Gunnery School, October 10.

WASHINGTON

“Design Features of a Modern Television
System,” by J. D. Schantz, Farnsworth
Television & Radio Corporation, No-
vember 10,
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Committee Meetings

Admissions—November 5

Awards—November 5

Convention—October 22, November 3 and
14

Convention Papers—November 13

Facsimile, Subcommittee on Transmission
October 3 and 30

Publications (Formerly Co-Ordinating)—
November 7

Television—October 17

Membership

The following indicated admissions and
transfers of memberships have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the
Institute office by not later than December
31, 1941,

Transfer to Member

Fox, R. A., 1311 Terminal Tower, Cleve-
land, Ohio

Leonard, S. E., 2651 Kerwick Rd., Uni-
versity Heights, Cleveland, Ohio

Pierce, R. M., 1080 Sylvan Ave., Cleve-
land, Ohio

Scott, H. J., Department of Electrical
Engineering, University of Cali-
fornia, Berkeley, Calif.

Sear, A. W., General Electric Co., 1285
Boston Ave., Bridgeport, Conn.

Smeby, L. C., 4801 Connecticut Ave.,
Washington, D. C.

Troeglen, K., 646 Grandview, Topeka,
Kan,

Admission to Member

Busignies, H. G., 742 Burns St., Forest
Hills, L. ., N. Y.

Dumeresque, J. S., 26 Fairview Circle,
Birmingham, Ala.

Hoover, P. L., Case School of Applied Sci-
ence, Cleveland, Ohio

Loughridge, D. H., University of Wash-
ington, Seattle, Wash.

Quarles, L. R., Proffit, Va.

Quayle, J. C, “Grassendale,” Manley,
Helsby, via Warrington, Lancs.,
England

Smith, F. W., 5 Sullivan Rd., Easton, Pa.

Van Atta, L. C., 79 Wildwood St., Win-
chester, Mass.

The following indicated admissions and
transfers of memberships were approved
by the Board of Directors on November 5,
1941.

Transfer to Member

Baldwin, C. F., 254 Bradley Bivd., Sche-
nectady, N. Y.

Cochran, L. B., University of Washington,
Seattle, Wash.

Flynn, R. M., 2915 Lovers Lane, Dallas,
Texas

Gluyas, T. M., Jr., 6727 Montgall Ave.,
Kansas City, Mo.
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Hauck, V. D., 427 Alabama Rd., Towson,
Md

Hunt, C. M., Radio Station W]JSV, Earle
Bldg., Washington, D. C.

Kallmann, H., 417 Riverside Dr., New
York, N. Y.

Keen, A, W, Hygrade Sylvania Corp.,
Emporium, Pa.

" Moody, R. C., 9023 Lloyd PI., West Holly-
wood, Calif.

Nelson, W. H., 910 Spencer Ave., Marion,
Ind.

Novy, J.F., 1S3 E. Quincy Rd., Riverside,
n

Plotts, E. L., 2509 E. 76th St., Chicago, I1I.

Reich, H. J., University of Illinois, Ur-
bana, Ill. :

Taylor, G. L., 2900 Power & Light Bidg.,
Kansas City, Mo.

Taylor, P. B., Aircraft Radio L.aboratory,
Wright Field, Dayton, Ohio

Thompson, S. T., 1033 Ontario St., Oak
Park, I11.

Troxler, L. J., 38-25-218th St., Bayside,
N. Y.

Admission to Member

Beatty, W. A., 12 Sidcup Hill Gardens,
Sidcup, Kent, England

Bull, V. G., 5551 Queen Mary Rd., Mon-
treal, Que., Canada

Cage, J. M., Colorado University, Boulder,
Col.

Caldwell, C. W., Purdue University,
Lafayette, Ind.

Dunn, W. L., 865 Thornwood Lane, Glen-
view, Ill.

Edson, W. A., 3300 Federal St., Chicago,
I1l.

MacLeod, H. J., The University of British
Columbia, Vancouver, B. C.,
Canada

Quarles, D. A., Bell Telephone Labera-
tories, 463 West St., New York,
N. Y.

Sarbacher, R. 1., 5555 Sheridan Rd., Chi-
cago, Ill.

Sashoff, S. P., 1400 New Hamsphire Ave.,
Washington, D. C.

Skene, A. A., Bell Telephone Laboratories,
Whippany, N. J.

Smith, N. R., 9 Barnett St., Bloomfield,
N.J.

Tillyer, E. D., American Optical Co.,
Southbridge, Mass.

Tratt, F. H., 86 Morningside Rd., Verona,
N. J.

Admission to Associate
Abele, H. M., Jr, 141 Berkeley Ave.,

Bloomfield, N. J.

Anderson, K. B., 229 W. 5th St., Em-
porium, Pa.

Anderson, S. R., 25 Park St., Montclair,
N.]

Andrews, E., 432-77th St., Woodcliff, N. J.

Atwater, W. H., 1576 Oakmount Rd.,
South Euclid, Ohio

Baumann, C. L., Jr.,, 23 E. 94th St., New
York, N. Y.

Belle Isle, A. G., 312 Roosevelt Ave., Syra-
cuse, N. Y.

Bennett, R. S,, 542 Palmetto St., Spartan-
burg, S. C.

Proceedings of the I.R.E.

Bliley, F. DD., 965 Arlington Rd., Erie, Pa.

Bradford, W. O., 1307 E. State St., Boise,
Idaho

Burrows, H. R., 736 W. 181 St., New York,
N. Y

Bynum, I.. M., 3768 Fort Ave., Lynch-
burg, Va.

Carlson, O. E., 238-13th Ave., Scaside
Park, N. J.

Carroll, C. T., 325 W. Huron, Chicago, I11.

Chapman, S., 382 Department of Physics,
Stanford University, Calif.

Clark, C. F., 1615 N. Edison St., Arling-

ton, Va.

Climent, L. J., 984 Broadway, Brooklyn,
N. Y.

Colvin, J. D., 55 Ridgeview .Dr., Indian-
apolis, Ind.

Cook, K. L.. W., Grove Ilouse, Drove Rd.,
Swindon, Wilts., England

Cooper, V. J., St. Margarets, Mayfield
Rd., Writtle, Essex, England

Cornell, P. M., 4422 Silsby Rd., University
Heights, Cleveland, Ohio

Cosby, J. C., 1815 Scnate St., Columbia,
S.C

Craumer, 1. S. 306 Roanoke Ave., River-
head, L. I, N. Y.

de Bey, A. .. G., Engineering Experimen-
tal Station, Purduc University,
Wesy Lafayette, Ind.

Doncese, G., 41-63 Frame Pl., Flushing,
L.I,N. Y.

Duvall, M. M., 449 Rivermont Ave.,
Lynchburg, Va.

Edwards, C. F., P. O. Box 107, Red Bank,

N.]J.

Ellsworth, A. R., 8169 Hollywood Blvd.,
Los Angeles, Calif.

Emery, W. L., Department of Electrical
Engineering, lowa State College,
Ames, lowa

Etter, J. M., 83-33 Beverly Rd., Kew
Gardens, L. I.,, N. Y.

Field, J. C., 1 Feckenham Rd., Redditch,
Worcs., England

Friedler, P. F., 1262 Lafayette Ave., New

York, N. Y.
Galyean, M. W, 132 W, Chestnut St.,
Asheville, N. C.

Gardner, D. H., 12 Coniston Rd., Ilarro-
gate, Yorks, England

Garlow, G. D., 712 S. Jackson St., Belle-
ville, 11,

Gilfillan, W. C., 8132 Cadwalader Ave.,
Elkins Park, Pa.

Gil Giron, D., Base de Aviacion de Puerto
Belgrano, Prov. de Buenos Aires,
Argentina

Gould, R. G., 2694 Yale Station, New
Haven, Conn.

Guzzi, P. N., Cangallo 1286, Buenos Aires,
Argentina

Hebenstreit, W. B., 289 W'. 12th St., New
York, N. Y,

Hesselberth, W. M., 425 Steely St., La-
fayette, Ind.

Hilker, B. R., Radio Station KSTP, Hotel
St. Paul, St. Paul, Minn.
Hodson, W. G., 89 Magnuson Way, East
Park, Manctte, Wash,

Horn, H. J., 136-6th St. N. E., Washing-

ton, D. C. 0
Hubbard, L. O., 3005 N. Washtenaw, Chi.
cago, Ill.

Iramain, J. F., Cangallo 1286, Buenos
Aires, Argentina
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Kauffiman, C. W., 25 Park St., Montclair,
N. J.

Kirton, F. N., ¢/o New Zcaland Radio Col-
lege, 24 Wellabys Blds., 27 Queen
St., Auckland, N. Z.

Kleeb, ;. F., 145 Grant Ave., Etna, Pa.

Knox, D. N., 2727 Altura Ave., La Cres-
centa, Calif.

L.amar, R. E., 420 Memorial Dr., Cam-
bridge, Mass.

Landells, J. ., 55 Greenwood Ave., San
Francisco, Calif.

Lavoo, N., 1320 Regent St., Schenectady,
N. Y.

LeRoy, F. M., 1256 Longfcllow Ave.,
South Bend, Ind.

Lopuch, A. J., 617-5th Ave. N., Great
Falls, Mont.

Mabhler, L.., 2106-75th St., Brooklyn, N. Y.

Maloney, T. E., 235 W. 46th St., New
York, N. Y.

McCartney, I1. S., Radio Station WCCO,
625-2nd Ave. S., Minneapolis,

Minn.

Mead, R. F,, 128 Lakeview Ave., Valhalla,
N. Y.

Meyerhoff, Gi. 1., Locust Ave., Ruxton,
Md.

Perley, A. L., Winfield Dr., Little Silver,
N

Perry, R. L., 535 Ramona St., Palo Alto,
Calif.

Peterson, 11. L., Princeton, Minn.

Pluss, C. P., Freyre 4876, Buenos Aires,
Argentina

Price, J. W., 1537-7th St., Bremerton,
Wash.

Reed, Myril B., Illinois Institute of Tech-
nology, 3300 Federal St., Chi-

cago, Ill.
Rodriguez, N., 152 W. 103rd St., New
York, N. Y.

Schlesinger, K., Purdue Union Bldg., West
Lafayette, Ind.

Shaffer, V. B., Box 213, Easton, Pa.

Shepard, R. H., 112 Park PI., Highland
Park, New Brunswick, N. J.

Sikrtanc, W. D., 7581 Champagneur Ave.,
Montreal, Que., Canada

Simberkoff, J. A., 317-5th Ave., New York,

N. Y.

Smail, J. E., 2 Bright's Cres., Edinburgh 9,
Scotland

Smith, N., Radio Section, National Bu-
reau of Standards, Washington,

D. C.

Spiegel, G., 4344 N. Clarendon Ave., Chi-
cago, Ill.

Stark, H. P., 809 N. Orange Grove, llolly-
wood, Calif.

Tawney, G. L., Sperry Gyroscope Co.,
Clinton Co., Clinton Rd. & Stew-
art Ave., Garden City, L. 1.,
N. Y.

Terrey, C. J., ¢/o 1175 Bushwick Ave.,
Brooklyn, N. Y.

Thompson, C. R., 1506 Folsom Ave.,
Yakima, Wash.

Thompson, N. H., Hither Plains Radio
Direction Finding Station, Mon-
tauk, L. I., N. Y.

Tooley, M. D., 28 Queen’s Rd., Col-
chester, Essex, England

Truhlar, (I\;I" 4104-71st St., Wdodside, L. 1.,

Y

Tschannen, R. F., 7134 Main St., Kansas
City, Mo.
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Upp, R. V., 24 Bradley Woods Dr., Hing-
ham, Mass.

Wainwright, R. M., Box 676, Glendive,
Mont.

Ware, L. A., College of Engineering, State
University of lowa, lowa City,
ITowa

Watson, C. W., RCA Community Center,
Box 276, Rocky Point, L. 1., N. Y.

Incorrect Addresses
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Wedekind, O. G., c/o Underwriters’ Labo-
ratories, Inc., 500 Sansome St.,
San Francisco, Calif.

Weiss, E., Seaside Bungalows, Honolulu,
Hawaii

Whiteman, R. A., 1154 Merchandise Mart,
Chicago, Ill.

Williams, A. P., 165 Geneva Ave., Elm-
hurst, I11.

661

Williams, D., Naval Research Laboratory,
Anacostia, Washington, D. C.

Wilson, T. M., 12 Maiden Castle Rd.,
Dorchester, England

Wright, J. H., Radio Division, Naval Re-
search Laboratory, Anacostia,
D. C.

Young, P. A., 6202 Cortelyou St., Cin-
cinnati, Ohio

Listed below are the names and last-
known addresses of members of the Insti-
tute whose correct addresses are unknown.
It will be appreciated if anyone having in-
formation concerning the present addresses
of the persons listed will communicate with
the Secretary of the Institute.

Allen, H. S., Jr., 1720 Pacific Ave., San
Francisco, Calif.

Ames, E. K., 116 Frederick St., Apt. 35,
San Francisco, Calif.

Arthur, G. M., Beta Theta Pi House,
Orono, Me.

Athey, S. W., 8 Midvale Rd., Baltimore,
Md.

Benner, H. J., 240 Norfolk St., Springfield,
Mass.

Berg, A. A. E., 3314 Wycliff Ave., Dallas,
Tex.

Bergren, Leon, 1004 W. 4th St., Lawrence,
Kan.

Bliss, A. O., 274 N.W. 37th St., Miami,
Fla.

Bluenthal, Herbert, Jr., 902 Concord Ave.,
Wilmington, Del.

Booker, Box 704, Route 1, San Jose,
Calif.

Bowman, D. W., 8327 Sycamore St., New
Orleans, La.

Brown, C. R., Phi Kappa Sigma House,
Orono, Me.

Burnett, E. M., Jr., Box 169, Georgia
Institute of Technology, Atlanta, Ga.

Cassman, 101 S. Montgomery Ave., At-
lantic City, N. J.

Child, V. E., Box 2332, Houston, Tex.

Cornell, J. 1., 5 McKinley St., Nutley,
N. J.
Dennis, J. L., Army Aircraft Radio Labo-
ratory, Wright Field, Dayton, Ohio
De Silva, H. B. F., Wireless Station, Weli-
kada, Colombo, Ceylon

Dickinson, W. E., Box 55, Dilworth, Minn.

Dion, A. J., Battery Service Station, 680
St. Vallier St., Quebec, Que., Canada

Dixon, J. T., Federal Communications
Commission, Portland, Ore.

Dorte, P. N., 17A Fitzgeorge Ave., Lon-
don, W. 12, England

Eells, M. M., Breeze Corp., Inc., 24 S. 6th
St., Newark, N. J.

Evans, D. J., 325 University Station,
Grand Forks, N. D.

Feldmanis, Nicholas, Valsts Elektrotech-
niska Fabrika, Brivibas Gatve 19,
Riga, Latvia

Franklin, Mortimer, 600 S. Michigan Ave.,
Chicago, Il.

Gray, R. 1., 3732 Columbus Dr., Balti-
more, Md.

Gregory, C. M., 4358 88th St., N.E., Port-
land, Ore.

Hansen, J. D., 819 Poplar St., Waukegan,
1.

Harder, R. B., 416 E. Grant St., Downers
Grove, Ill.

Henry, Algernon, 105-07 32nd Ave,
Corona, L. I.,, N. Y.

Hinkel, Hulbert, Jr., 106 Union St.,
Schenectady, N. Y.

Hoffmann, H. W. 148-20 89th Ave.,
Jamaica, L. I., N. Y,

Hutchison, H. P., 1450 E. 18th St., Brook-
lyn, N. Y.

Instrall, R. C., Signal Training Centre,
Catterick Camp, Yorks, England

Jackson, H. E. A., Carlton Bank, Sawood,
Stainland, Nr. Halifax, Yorks, Eng-
land

Jenkins, A. F., 5345 Harper Ave., Chicago,
1.

Johnson, E. M., 2350 Stratford, Cincin-
nati, Ohio

Jukna, Valsts Elektrotechniska Fabrika,
Brivibas Gatve, 19, Riga, Latvia

Keeran, Royal, 406 Van Buren, Oakland,
Calif.

Kendig, C. A., 1640 Robinwood Ave.,
Lakewood, Ohio

Kimball, C. N., Jr., Aircraft Accessories
Corp., Fairfax and Funston Rds., Kan-
sas City, Mo.

Lago, Gladwyn,
Lafayette, Ind.

Lawrence, Walter, 31 Skeena Hill, London,
S.W., 18, England

Lee, G.F.,3706S.E. Lincoln, Portland, Ore.

Leslie, D. M., 1021 Palm Ave., Apt. 5,
Los Angeles, Calif.

Mason, R. S., 164 E. Superior St., Chicago,
1.

Mavy, Elsmore, 1529 Webster St., Oak-
land, Calif.

Mayder, Wesley, 2718 Myrtle St., Oak-
land, Calif.

Mayer, R. H., Civil Aeronautics Adminis-
tration, Anchorage, Alaska

McCollum, P. A., 702 W, 9th, Stillwater,
Okla.

McDonnell, W. F., WHLS, Port Huron,
Mich.

McNeill, L. P., Box 3313, University of
Kentucky, Lexington, Ky.

324 W. Lutz, West

Mellor, W. N., 189 Nassau Blvd., Garden
City, L.I.,,N. Y.

Mingorance, F. M., Alsina 247, Bahia
Blanca R, Argentina

Moon, B. F., 1217 E. Windsor Rd., Glen-
dale, Calif.

Nessell, H. H., 312 16th Ave., S.E., Min-
neapolis, Minn.

Oliver, N. J., Box 82, Cambridge B., Mass.

Post, Dean, Littleton, Colo.

Russell, J. D., 1324 Frederica St., Louis-
ville, Ky.

Shrader, T. M., RCA Manufacturing Co.,
415 S. 5th St., Harrison, N. J.

Silberstein, Richard, 3506 Legation St.,
N.W., Washington, D. C.

Slee, J. A., 92A Holland Rd., London, W.
14, England

Smith, J. R., Jr., Box 3503, Raleigh, N. C.

Sokoloff, Airplane and Marine Direction
Finder Corp., Clearfield, Pa.

Starcke, O. A., 1812 Crescent St., Inde-
pendence, Mo.

Sugnet, R. F., 112 Howard Hall, Notre
Dame, Ind.

Swinton, K. R., 4, Leinster Gardens, Lon-
don, W. 2, England

Tatibana, Mitui, No. 1, 611 Koyama-Tyo,
Itabasi-Ku, Tokyo, Japan

Thomas, Frank, 58 Arnold St., Westfield,
Mass.

Thomas, W. M., Fleet Post Office, Pearl
Harbor, T. H.

Totman, Stark, 3737 Georgia Ave., Hape-
ville, Ga.

Trumpy, J. W., 1126 W. 5th St., Marion,
Ind.

Turitzin, N., 217 N. Ingalls, Ann Arbor,
Mich.

Veverka, R. E., 3071 S. 32nd St., Omaha,
Neb.

Waddell, R. A., 510 Hill Ave., Wilkins-
burg, Pa.

Wells, W. J. M., 23 Vicarage Rd., Chelms-
ford, Essex, England

Webster, R. A., Company C, 35th Training
Bn., Camp Croft, S. C.

Whitmore, Jack, Hotel Lincoln, 8th Ave.,
New York, N. Y.

Woodward, J. D., WBOE, Cleveland
Board of Education, 1380 E. 6th St.,
Cleveland, Ohio

Woodyard, H. R., Box 462, Atlantic City,
N. J.

Ziemelis, Valdis, Radio Department, Valsts
Elektrotechniska Fabrika, Brivibas
Gatve 19, Riga, Latvia




Winter Convention
January 12, 13, and 14, 1942
New York, N. Y.

The Winter Convention of the Institute will be held
at the Commodore Hotel, New York City, from Mon-
day morning, January 12, 1942, through Wednesday
evening, January 14. Advance notice of the dates was
mailed to the membership in October. A folder giving
the program of technical sessions in detail will be dis-
tributed in December.

Since the year 1942 marks the thirtieth anniversary
of the founding of the Institute in 1912, that milestone
will be suitably marked at the banquet, Tuesday
evening, January 13, Characteristically, however, the
Convention’s outlook will be forward, not backward.
The phrase “Radio’s Expanding Role” has been chosen
to set the keynote, as fitting for this transitional period
when radio’s peacetime technique is being adapted to
military purposes. Special speakers will be heard at the
opening session Monday morning and at the banquet
to inform the Institute how the expansion of radio is
being made to fit the larger needs of government in
both domestic and international fields of operation.

At the end of this article are synopses of the papers
to be presented at the technical sessions, of which there
will be six, in accordance with the following brief
summary of the program.

PROGRAM
Monday, January 12

Morning
Registration
Report of the retiring president
Introduction of the president for 1942
Special speaker

Afternoon
Dutch-treat luncheon
Technical session

Evening
President’s reception
Bufiet dinner and party
Technical session

Tuesday, January 13
Morning
Technical session, trip

Afternoon
Dutch-treat luncheon
Technical session, trip

Evening
Banquet
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Wednesday, January 14

Morning
Unscheduled time
College technical session
Meeting of Sections Committee
Afternoon
Technical session
Evening
Technical session

The following notes have been supplied by the chair-
man of the Convention Committee, I. S. Coggeshall.

A. Tennyson Beals
The *skyhook" at Alpine.

The objective has been set to make this convention
notable for its friendliness to members coming to New
York from out of town. By January, the Institute’s
membership will probably have approached, if not in
fact reached, an all-time high of 7000. In “Radio’s
Expanding Role” it is essential that the Institute in-
crease in solidarity as well as in size. An air of cama-
raderie should pervade this convention. Friendliness,
especially to those members who desire to acquire more
contacts with fellow radio engineers, will be evident,
we believe, beginning from the moment of registration.
Austin Bailey has the registration and welcoming in
hand, and what with badges and greeters, everyone
will be made to feel at home and introduced to engi-
neers worth knowing.

On the program are two “Dutch-treat luncheons”—

December, 1941
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the first on Monday, the other on Tuesday noon.
A number of well-known New York Members and
Fellows, including some past-presidents and directors,
have pledged themselves not to eat luncheon with their
usual companions so long as out-of-towners or stran-
gers desire their company. The registration desk will
supply particulars.

Another departure will be the buffet dinner and
party, to which the women are invited, on Monday
evening, designed, under the aegis of F. R. Lack’s
committee, to supply a means of “mixing things up”’
between technical sessions. The price will be $2.00 a
ticket, all of which goes to the hotel, the taxes and tips
being taken out of other convention receipts.

Ladies registering at the convention will meet Mrs.
A. F. Van Dyck, who is honorary head of the Women'’s
Committee and who has shared with Miss Helen M.
Stote of the Institute staff, executive chairman, the
pleasure of making arrangements for entertaining

Americon Museum of Natural History

Origin of the planetarium star.

them. Past conventions have set a mark in women's
activities, and those attending will be kept busy again
as the following outline of their program indicates.

After registration on Monday morning, the women
will spend the afternoon at the Museum of Modern
Art where the work of “New American Leaders” will
be on exhibition. In addition, “Frontier Photographs”
will be displayed. Tea will be served at the museum.

On Tuesday, the New York Historical Society will
be visited. This is one-of the more compact historical
collections in New York City. A “behind-the-scenes”
tour of the mammoth American Museum of Natural
History will be followed by luncheon at the Museum
and a lecture at the Planetarium where the “turning
on” of man-made stars leaves the visitor breathless.
In the evening—the banquet.
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Wednesday morning will be unscheduled to allow
co-ordinated activities of wives and husbands, shop-
ping, or just seeing the town. “It Happens on Ice”
will be viewed at the Center Theater in Radio City
that afternoon.

Returning to the men's program, we have acted
upon a suggestion that a regular technical session be
omitted at some point in the three-day schedule so
that those who wished to, might, without sactificing
attendance upon the meetings, take half a day to visit
the offices of friends, or go shopping, or go sight-seeing.
No regular technical session has been scheduled for
Wednesday morning. However, the omission affords
an opportunity we have been glad to seize of schedul-
ing a college technical session. Under the chairmanship
of F. E. Canavaciol, a program is being arranged for
the participation of delegations from colleges in and
within “thumbing distance” of New York. The stu-
dents will be addressed by leaders in radio, at their
own special session (to which all registrants are cor-
dially invited), and will attend other technical sessions.

On the same Wednesday morning is scheduled a
meeting of the Sections Committee of the Institute,
with the Membership Committee also in attendance.
This meeting will be of importance to all those in-
terested in the Institute's organizational activities. At
the opening session, on Monday morning, Dr. Terman
will give a comprehensive report of his administration
during 1941. At the banquet, Tuesday evening, Presi-
dent Van Dyck will disclose his objectives for 1942.

The banquet, which is being arranged by J. R.
Poppele, will be held in the Commodore and, as has
been usual, will be for men and women; dress is op-
tional. President Van Dyck will be toastmaster. It is
expected that one or more of our Canadian and South
American officers will find it possible to attend. The
Medal of Honor will be awarded to Past-President
A. Hoyt Taylor of the United States Navy. Nine
members will be made Fellows of the Institute. As
noted previously, this is the Institute's big 30th birth-
day jubilation. The price of tickets has been held
down to $3.50 each, in order to stimulate attendance.

The Committee on Trips, under the chairmanship of
C. E. Sholz, will offer a variety of possibilities of in-
teresting informal trips to points in New York, in
literature to be supplied upon registration. Tickets to
broadcasts will be available. The feature of radio engi-
neering interest is the operation of buses all day
Tuesday from the Commodore to Major Armstrong’s
frequency-modulation station at Alpine, New Jersey.
By limiting the total number to 300 men every visitor
will be assured a thorough look at things. Cost of trans-
portation will be borne by the Institute.

Not the least informative feature of the convention
will be the exhibits, which will occupy the East Ball-
room. These are being arranged by J. D. Crawford,
and should be of special interest in these days of
making parts out of priority-free materials.
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Other chairmen of committees not yet mentioned
are E. J. Content, music, radio, and public-address
apparatus; O. H. Caldwell, publicity; Haraden Pratt,
finance; and H. P. Westman, general program. H. A.
Affel heads the committee on technical sessions, and
supplies the following abstracts of papers now in hand.
It should be noted that copies of these papers are not
available from the Institute and may never be pub-
lished in the PROCEEDINGS,

New York Historical Society

Early American apothecary shop at the
New York Historical Society.

AN ULTRA-HIGH-FREQUENCY TWO-
COURSE RADIO RANGE
WITH SECTOR IDENTIFICATION

A. ALFORD AND A. G. KANDOIAN

(International Telephone and Radio Manufacturing Corporation,
New York, N. Y.)

The primary purpose of a radio range for aircraft use
is to provide a reliable aural or visual indication to the
pilot of an airplane as to his location with respect to a
predetermined course. In addition it is very desirable
to identify quickly and positively the sector in which
the airplane is at any given time, i.e., whether it is
east or west of an east-west radio range.

The basis of this present radio-range design is the
two-course localizer used in instrument landing. Thus
a group of three loop radiators provide the two over-
lapping mirror-image patterns modulated at 90 and
150 cycles, respectively. A cross-pointer instrument,
the vertical pointer of which is actuated by the 90-
and 150-cycle modulation provides the pilot with the
necessary information for orienting his plane.

A second set of similar radiators, but at right angles
to the first group, provides the keyed signal for aural
sector identification. Except for the carrier radiation,
which is common to both the aural and visual signals,
the two systems are entirely independent.

The theory of the antenna system will be discussed
in this paper, paying particular attention to the prob-
lem of interaction between the aural and visual radiat-
ing systems. Experimental and flight data on the

Decem! er

installation at the Civil Aeronautics Administration
experimental station in Indianapolis will be presented.

DIRECT-READING WATTMETERS FOR
USE AT RADIO FREQUENCIES

GEeorGE H. BrowN, J. ErsTEIN,
AND D, W. PETERSON
(RCA Manufacturing Company, Inc., Camden, N, J.)

The principle upon which the operation of these
wattmeters is based has been known for many years.
The contribution of this paper lies in the application of
this principle to a practical operating instrument for
the measurement of high power.

Two instruments are described. The first is useful in
the range of frequencies from 500 to 2000 kilocycles.
This instrument contains circuits which permit opera-
tion at any frequency in this band with no tuning or
other change in the instrument.

The second instrument operates in the region near
50 megacycles. It is inherently a single-frequency de-
vice constructed from sections of transmission lines.

The theory of operation is discussed, as well as cali-
bration methods. Test data taken with the instruments
with loads having a wide range of power factors are
compared with power measurements made on water-
cooled loads.

SPACE-CHARGE RELATIONS IN THE MAGNE-
TRON WITH PLANE ELECTRODES

E. A. ConpoN
(Westinghouse Electric and Manufacturing Company,
East Pittsburgh, Penna.)

This paper discusses the effect of space charge on the
one-dimensional potential distribution between a plane
cathode and a parallel plane anode, as affected by a
uniform magnetic field parallel to the plane of the
clectrodes.

BIOELECTRIC RESEARCH APPARATUS

HaroLp GorbBerc
(Formerly, University of Wisconsin; now, Stromberg-Carlson
Telephone Manufacturing Company, Rochester, N. Y.)

This paper describes a complete amplifying and
cathode-ray-tube system suitable for most bioelectric
research applications. Three independent amplifying
channels, working into a threc-trace cathode-ray tube
allow the recording of three independent, simultaneous
phenomena. The three traces may be partially or
wholly superimposed as desired. Each amplifying
channel consists of a battery-operated three-stage
direct-current amplifier coupled to a power-line-
operated direct-current output stage. All channels
operate from a common battery and power:line supply.

Cathode-ray-tube sweep circuits are direct-current
coupled and entirely power-line operated. Individual
control of centering and sweep speed for each trace is
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provided. An associated stimulating circuit, syn-
chronized with the sweep, provides stimuli for biologic
specimens under study. Because of the direct-current
amplification employed throughout the system, any
event, with any given setting of the controls, will al-
ways appear at the same position of the cathode-ray-
tube screen whenever repeated.

The amplifier input is either single-ended or differ-
ential as desired. Response is flat within 1 decibel from
0 to 7000 cycles with a maximum voltage gain of 131
decibels. A maximum voltage gain of 126 decibels may
be attained with a response flat within 1 decibel from
0 to 14,000 cycles. The sweep amplifiers provide an un-
distorted output of approximately 700 volts, sufficient
for full-scale deflection of the Western Electric 330C
cathode-ray tube operating at 3 kilovolts accelerating
voltage. Sweep frequencies range from 1 per minute to
20,000 per second.

AN ANALYSIS OF THE SIGNAL-TO-NOISE
RATIO OF ULTRA-HIGH-FREQUENCY
RECEIVERS

i E. W. HEroLD
(RCA Manufacturing Company, Inc., Harrison, N. J.)

This paper presents an elementary analysis of the
effect of the various sources of fluctuation noise on the
signal-to-noise ratio of radio receivers. Because the
noise induced in negative grids at high-frequencies is
included, the work is particularly applicable at ultra-
high frequencies. It is found that the signal-to-noise
ratio depends on the antenna noise; in addition, when
bandwidth is not a consideration, it depends on the
ratio of equivalent noise resistance to input resistance
of the first tube, and, when bandwidth is a major con-
sideration, on the product of input capacitance and
equivalent noise resistance. The coupling from an-
tenna to first tube is an important variable in receiver
design and an optimum coupling is found which results
in an improvement in signal-to-noise ratio. This opti-
mum condition is often considerably different from the
adjustment for maximum gain and, by its use, the
noise induced in the grid becomes relatively unim-
portant. The noise from the second stage of the re-
ceiver is also evaluated. It is shown that the thermal
noise from a wide-band interstage circuit may be made
negligible by concentrating all the damping on the
secondary side. Calculations of typical receiver ar-
rangements using triode and pentode mixers are given
for 300, 500, and 1000 megacycles.

THE ABSOLUTE SENSITIVITY OF RADIO
RECEIVERS

D. O. NorTH
(RCA Manufacturing Company, Inc., Harrison, N. J.)

The total random noise originating in a receiver has
customarily been described in terms of the equivalent
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noise voltage at the receiver input terminals. A com-
parison of the signal-to-noise ratios of two receivers
working out of identical antennas is thereby facili-
tated, but only so long as the coupling between the
antenna and receiver input is extremely loose.

Cosmo-Sileo

Scene from “It Happens on Ice” at the
Center Theater, Radio City.

This paper describes a method for rating and meas-
uring the noise in complete receiving systems, antenna
included. The proposed rating appears particularly
applicable to ultra-high-frequency services and, more
generally, to any service in which signal-to-noise ratio
is made a prime consideration in receiver design and
operation.

A portion of the study deals with the properties of
receiving antennas, yielding as a by-product an al-
ternative derivation of Nyquist's theorem concerning
thermal fluctuations in passive networks.

DIRECTION FINDING AT MEDIUM HIGH
FREQUENCIES AND THE
UNITED AIR LINES GROUND-STATION
DIRECTION FINDER

P. C. SANDRETTO AND E. P. BUCKTHAL
(United Air Lines Transport Corporation, Chicago, IlL.)

Direction finders of many types have been generally
available on the market; however, all of these were
possible only because they used long waves which
propagate directly from the transmitter to the receiver
via the great-circle path. Aircraft, however (in order
to obtain long-distance transmissions with low power
and low-efficiency antennas), utilize medium-high fre-
quencies which reflect from the ionosphere. Since this
ionosphere is continually undergoing changes, it is
difficult to take bearings on waves propagated via this
medium. This paper discusses the characteristics of the
jonosphere and its effect on the propagation of radio
waves. It further discusses the action of these waves
on various direction finders and the United Air Lines
equipment designed specifically for taking bearings on
these peculiarly propagated waves.
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A WIDE-RANGE, LINEAR, UNAMBIGUOUS,
DIRECT-READING PHASEMETER

J. E. SueprugrDn
(Formerly, Harvard University, Cambridge, Mass.)

Of the many methods proposed for the measurement
of phase angle, none has combined in one instrument
all the desiderata of an ideal measuring instrument.

c X Tis g
American Museum of Natural History

Part of the water-hole group in the Akeley
African Hall in the American Museum
of Natural History.

A close approach has been achieved by the author in
an instrument which, by using a time ratio as a
parameter, delivers a direct current proportional to
phase angle. The resulting instrument has the ad-
vantages that it performs over a wide range of fre-
quencies and magnitudes of voltages without requiring
adjustment, involves no null balance, has a linear
scale, exhibits no quadrantal ambiguity, and is readily
adapted to the operation of direct-reading meters, re-
cording instruments, and servo mechanisms. Further-
more, it is self-calibrating in that no external standards
are required for calibration.

VARIABLE-FREQUENCY BRIDGE-STABILIZED
OSCILLATORS

W. G. SHEPHERD AND R. O. Wisg
(Bell Telephone Laboratories, Inc., New York, N. Y.)

The results of a theoretical and experimental in-
vestigation of two types of bridge-stabilized oscillators
incorporating a thermal device for amplitude control
are given. One circuit employs resistances and capaci-
tances in the frequency-determining network and is
well adapted to low-frequency operation, and the other
circuit uses an inductance-capacitance network which
adapts itself to the higher-frequency range. The con-
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ditions for optimum stability and the variation of the
stability with frequency to be expected have been
determined and general experimental and theoretical
agreement has been obtained.

AUTOMATIC RADIO RELAY SYSTEMS FOR
FREQUENCIES ABOVE 500 MEGACYCLES

J. ERNEsST SMITH
(R.C.A. Communications, Inc., New York, N. Y.)

This paper describes the problems involved in the
design of a system of radio stations in a point-to-point
relay network. Particular reference is made to experi-
ments in which television signals were successfully
transmitted through several unattended radio re-
peaters without demodulation and remodulation in the
repeater equipment. General fidelity criteria concern-
ing very wide-band transmission requirements, such as
those imposed by present-day television standards,
will be discussed.

THE DYNETRIC BALANCING MACHINE
M. P. Vore

(Westinghouse Electric & Manufacturing Company,
East Pittsburgh, Penna.)

A rotating body may be statically and dynamically
balanced by the addition of weights in two arbitrarily
chosen planes perpendicular to the axis of rotation. In
the apparatus described, a velocity-type electromag-

Wurts Brothers
Marble, tile, and glass are used in large

areas in the facade of the new building
of the Museum of Modern Art.

netic pickup measures the vibration at each bearing.
The output of the pickups is fed into a network which
separates the cffects of unbalance in each plane and
then into an amplifier and meter which indicates the

-
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amount of unbalance. The angular position of the un-
balance is shown either by a stroboscopic light or by
means of a dynamometer-type meter whose field is
excited by an adjustable-phase alternator directly
coupled to the rotor.

Production and portable balancing machines have
been developed. Their principles of operation and de-
sign features will be described.

SIMULTANEOUS AURAL AND PANORAMIC
RECEPTION

MARCEL WALLACE
(President, Panoramic Radio Corporation, New York, N.Y.)

The panoramic radio adaptor is a device which
operates in conjunction with a conventional radio re-
ceiver. It permits the uninterrupted observation of a
relatively wide band of the frequency spectrum, above
and below the station to which one is listening.

All signals within that band are simultaneously re-
produced on a screen, showing their relative signal
strengths, frequencies, and modulation characteristics.

Because it permits simultaneous comparison of a
number of signals, which may originate at different
points, it becomes an important new tool in the hands
of the radio technician, finding an increasing number
of applications not only in the laboratory, but also in
the practical field of communication and navigation.

IONOSPHERIC INVESTIGATIONS AT HUANCAYO
MAGNETIC OBSERVATORY (PERU)
WITH APPLICATION TO WAVE-
TRANSMISSION CONDITIONS

H. W. WELLSs

(Department of Terrestrial Magnetism, Carnegie Institution of
Washington, Washington, D. Ces

A brief description is given of the principle and
design of the automatic multifrequency ionospheric

Contributors
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equipment developed by the Carnegie Institution of
Washington, Department of Terrestrial Magnetism,
which sweeps through a frequency range of 16.0 to
0.516 megacycles per second every fifteen minutes and
automatically records the radio reflections which are
returned from the different layers of the ionosphere.
Three complete units of this type are now in operation
under the auspices of this Department; one at Huan-
cayo, Peru, one at Watheroo, Western Australia, and
the last which has recently been installed at College,
Alaska. The results of observations at Huancayo,
Peru (12 degrees south latitude), where this apparatus
has been in continuous operation since 1937, are repre-
sentative of average ionospheric conditions in equa-
torial regions. An analysis of these results in terms of
maximum usable frequencies for radio-wave propaga-
tion over various distances completes the paper.

THE RCA 10-KILOWATT FREQUENCY-
MODULATED TRANSMITTER

E. S. WINLUND AND C. S. PERRY
(RCA Manufacturing Company, Inc., Camden, N. J.)

A commercial 10-kilowatt frequency-modulated
transmitter design is completely described. Distortion
curves are presented with particular reference to the
effect of proper tank-circuit design on high audio fre-
quencies, the effect of low average distortion of 0.4
per cent on the bulk of program material and the effect
of proper modulator design on low frequencies. Re-
sponse curves are presented for both flat and pre-
emphasis connection. The effect of power output
change between 3 and 10 kilowatts upon distortion and
response is shown in detail. All other guarantee specifi-
cations are given along with the actual measurements
obtained.

A full mechanical description is included with photo-
graphs showing provisions for operating convenience,
accessibility, and appearance.

John K. Hilliard (A’25-M'41) re-
ceived degrees from Hamline University
and the University of Minnesota. After
leaving college he was a consulting radio
engineer. Joining a Hollywood studio
sound department he has been engaged in
that type of work for fifteen years, the
last eight of which have been spent as
sound engineer at the Metro-Goldwyn-
Mayer studios. As transmission engineer
his work has been chiefly concerned with
the development of new apparatus, both
for recording and reproducing, which in-
cludes the two-way loudspeaker system,
now the accepted standard for theater
reproducing systems. Mr. Hilliard is a
member of the American Institute of
Electrical Engineers and the Society of
Motion Picture Engineers, and an active
participant in the work of the Research

Joun K. HiLLIARD

Council of the Academy of Motion Picture
Arts and Sciences, heading the Theater
Standardization Program and the Vacuum
Tube Standards Committee.

°
o

Dorman D. Israel (A'23-M'30) was
born on July 21, 1900, at Newport, Ken-
tucky, He received his E.E. degree in 1923
at the University of Cincinnati. He has
been chief development engineer of Crosley
Radio Corporation and chief engineer of
Grigsby-Grunow Corporation. Since 1936
he has been chief engineer of Emerson
Radio and Phonograph Corporation, In
1931 Mr. Israel was chairman of the Cin-
cinnati section of the Institute of Radio
Engineers. He was an instructor in radio
engineering at the evening college of the
University of Cincinnati for three years.
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H. Krihenbtihl (A'39) was born in
Switzerland in 1903, After being graduated
from the Neuchatel School of Technology
he worked from 1924 to 1927 in cable
measurements and at the Marconi re-
ceiving station at Bern. In 1927 Mr.
Krithenbiihl joined the technical staff of
Transradio Internacional in Buenos Aires,
where at present he is chief of the engineer-
ing department.

o,
Qe

P. J. Noizeux (A’'30) was born in
France in 1900. In 1923 he joined Trans-
radio Internacional, Buenos Aires, of
which he is now assistant general manager.
Mr. Noizeux is chairman of the Buenos
Aires section of the Institute of Radio
Engineers.

°,
oo

Kenneth A. Norton (A'29-M'38) was
born February 27, 1907, at Rockwell City,
Towa, He received the B.S. degree in
physics from the University of Chicago in
1928, During 1929, he was in the inspec-

H. KrRAHENBUHL
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P. J. Noizeux

tion development laboratory of the West-
ern Electric Company. From 1929-1930,
and 1931-1934 Mr. Norton was in the
Radio Section of the National Burcau of
Standards and at Columbia University
from 1930-1931. Since 1934 he has been
with the Federal Communications Com-
mission. He isa member of American Asso-
ciation for the Advancement of Science,
American Institute of Electrical Engineers,
American Physical Society, American Sta-
tistical Association, and the Institute of
Mathematical Statistics.

°,
Qe

Wayne B. Nottingham (A '37) was
born at Tipton, Indiana, on April 17, 1899,
He received the B.S. degree in electrical
engineering in 1920 and in 1929 received
the E.E. degree from Purdue University.
After a year of study at Uppsala Univer-
sity at Uppsala, Sweden, as the Benjamin
Franklin Fellow in Physics of the Ameri-
can Scandinavian Foundation, he worked
on “carrier telephone” development at the
Bell Telephone Laboratories until he
entered Princeton University as a gradu-
ate student in 1925. Princeton awarded
him the degrees of M.A. in 1926 and Ph.D.

KENNETH A. NoRrTON

WAYNE B. NOTTINGHAM

in 1929. Between 1926 and 1931 he was a
Research Fellow at the Bartol Research
Foundation. Since that time he has been
in research and teaching in the depart-
ment of physics at the Massachusetts In-
stitute of Technology, He is a Fellow of
the American Physical Society, and a
member of the Optical Society of America,
the American Association of Physics
Teachers, Sigma Xi, and Eta Kappa Nu.

o

B. Noviks (A'39) was born on January
1, 1910, at Riga, Russia. He received the
degree of Diplomingenicur (M.S.) in 1935
from the Polytechnic Institute of Berlin.
From 1935 to 1937 he was an engincer at
the A. Leibovics radio factory in Riga. In
1938 Mr. Noviks joined the technical staff
of the Transradio International, Buenos
Aires; since January, 1940, he has been
engineer-in-charge at the receiving sta-
tion in Villa Elisa.

Qe

For a biographical sketch of Ronold
King, see the PROCEEDINGSs for August,
1941,

B. Noviks

-~y
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GENERAL INFORMATION

The Institute

The Institute of Radio Engineers serves those in-
terested in radio and allied electrical-communication
fields through the presentation and publication of tech-
nical material.

Membership has grown from a few dozen in 1912
to about seven thousand. Practically every coun-
try in the world is represented in our roster of mem-
bership, with approximately a fifth of it located
outside of the United States. There are several grades
of membership, depending on the qualifications of the
applicant, with dues ranging from $3.00 per year for
Students to $10.00 per year for Fellows.

PROCEEDINGS, Standards Reports, and any other
published material are sent to members without, fur-
ther payment,

The PROCEEDINGS

The PROCEEDINGs has been published without in-
terruption from 1913 when the first issue appeared.
Over 2000 technical contributions have been included
in its pages and portray a currently written his-
tory of developments in both theory and practice.
The contents of every paper published in the Pro-
CEEDINGS are the responsibility of the author and are
not binding on the Institute or its members. Material
appearing in the PROCEEDINGs may be reprinted or

abstracted in other publications on the express condi-
tion that specific reference shall be made to its origi-
nal appearance in the PROCEEDINGs. Illustrations of
any variety may not be reproduced, however, without
specific permission from the Institute.

Subscriptions

Annual subscription rates for the United States of
America, its possessions, and Canada, $10.00; to col-
lege and public libraries when ordering direct, $5.00
Other countries, $1.00 additional.

Back Copies

The Institute endeavors to keep on hand a supply
of back copies of the PROCEEDINGs for sale for the
convenience of those who do not have complete files.
However, some issues are out of print and cannot be
provided.

Standards

In addition to the material published in the Pro-
CEEDINGS, Standards on Electroacoustics, Electronics,
Radio Receivers, and Radio Transmitters and An-
tennas were published in 1938. These are available to
members free of charge as long as the supply lasts;
others may purchase them for fifty cents each.
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Annual Review: 2008
Field Intensity:
Ground-Wave: 2087 |
Finitely Conducting Earth: 2087 1
Linear Radiator: 2059 |
Spherical Earth: 2087
Field Strength: (See Ficld Intensity)
Film Scanner: 2029
Filter, Coaxial for Vestigial Sideband: 2011
Fluctuation Noise: 2001
Amplitude: 2002
Frequency Divider: 2018
Frequency Modulation:
Annual Review: 2008
Crosby Transmitter: 2050
Drift Analysis, Transmitter: 2050
Inductively Coupled Modulator: 2072
Intermediate Frequencies: 2069
Modulator: 2072
Propagation: 2051
Receivers: 2070
Alignment: 2070
Intermediate-Frequency Values: 2069
Transmitter: 2068
Unsymmetrical Sideband: 2058
26-Megacycle Propagation: 2051
Full-Wave Rectifier: 2071

|
!

G

Gain; Optimum: 2032
Gencrator: (See Oscillator)




Grid Fluctuation: 2001
Ground: (See Propagation of Waves)

H
History:
Annual Review: 2008

I

Induced Current, Electronics: 2044
Inductance, Inductor: )
Iron Cores: 2031
Universal Winding: 2057
Inductively Coupled Frequency Modu-
lator: 2072
Intermediate-Frequency, Frequency-Mod-
ulation: 2069
Intermodulation Tests of Distortion: 2085
lonosphere: (See also Propagation of
Waves): 1999, 2005, 2013, 2023, 2045,
2052, 2061, 2066, 2073, 2090
Iron Cores: 2031
L

Level-Governing Amplifier: 2075
Loop Antennas: (See Antennas, Loop)

M

Magnetic Recording: 2046, 2055
Manufacturing, Alignment Frequency-
Modulation Receivers: 2070
Materials, Receiver: 2089
Measurements:
Bullet Speed: 2076
Current: 1993
Distortion, Intermodulation: 2085
Iron Cores: 2031
l.oop Antennas: 2048
Noise: 2056
Phase Curve Tracer: 2010
Q of Quartz Plates: 2021
Radio Noise: 2056
Receiver: 2048
Alignment,
2070
Short-Wave Propagation: 2041
Mechanical Models, Vacuum Tubes: 2004
Microscope, Electron: 2017
Models:
Acoustic, Antennas: 2020
Antennas: 2020
Vacuum Tubes: 2004
Modulator, Inductively Coupled Fre-
quency: 2072
Multichannel Television: 2030

N

Frequency-Modulation:

Networks:
Coupled: 2003
Reactance, Coupling: 2064
Response: 2042
Noise:
Fluctuation: 2001, 2002
Amplitude: 2002
Distribution: 2002
Radio: 2056
Nonsinusoidal Wave Response: 2042

(o]

Orbital-Beam Secondary-Electron Multi-
plier: 2079
Oscillator, Phase-Shift: 2000

P

Parameter Variation of Series Circuit: 1997

Petiodic-Wave Response: 2042

Phase Curve Tracer: 2010

Phase Shift Oscillator: 2000

Phototubes: 2054

Picture Transmission: (See Facsimile, Tele-
vision)

Piezoelectricity:
Contour-Mode Vibrations: 2019
Crystals: 2053
Damped Vibrations: 2021
Oscilloscope Patterns: 2021
Q Measurements: 2021
Standards: 2053
Terminology: 2053
Y-cut Plates: 2019
Power, Maximum, Class A Amplifier: 2086
Power Supply, B Batteries: 2038
Program-Operated Level-Governing Am-
plifier: 2075
Propagation of Waves: 1999, 2005, 2013,
2023,2045,2052,2061, 2066, 2073, 2090
Annual Review: 2008
Curvature of Earth: 1996
Delay: 2041
Diffraction: 1995
Direction of Arrival: 2041
Earth Curvature: 1996
Echoes: 2041
Field of Linear Radiator: 2059
Finitely Conducting Earth: 2087
Frequency Modulation: 2051
Ground, 2087
Ground Wave: 1996
High-Frequency: 1999, 2005, 2013, 2023,
2045, 2052, 2061, 2066, 2073, 2090
Short-Wave: 2041
Spherical Earth: 2087
Transmission Line: 2088
Ultra-High-Frequency: 1995
26 Megacycles: 2051

Q
Quartz Crystals: (See Piezoelectricity)

R

Radiators: (See Antennas)
Radio Noise: 2056
Radio Progress, 1940: 2008
Receivers:
Alignment of Frequency-Modulation:
2070
Annual Review: 2008
Automobile: 2016
Civilian: 2089
Five-Band: 2016
Frequency Modulation: 2069
Alignment: 2070
Intermediate Frequencies: 2069
High-Fidelity: 2037
Loop-Antenna Measurements: 2048
Manufacturing: 2070
Materials: 2089
Measuremets: 2048
Portable, Batteries: 2038
Resistance Tuning: 2043
Tuning, Resistance: 2043
Recording, Magnetic: 2046, 2055
Rectifiers: 2063
Full-Wave Voltage-Doubling: 2071
Ratings: 2063 )
Voltage-Doubling Full-Wave: 2071
Resistance:
Networks: 2049
Tuning: 2043

Scanning:
Film: 2029
Television: 2067
Secondary-Electron Multiplier: 2079
Selectivity, Optimum: 2032
Series Circuit, Parameter Variation: 1997
Shielding Radio-Frequency Ammeters:
1993 .
Sideband:
Unsymmetrical: 2058

Vestigial: 2011
Single Sideband: 2011
Unsymmetrical: 2058
Standards, Piezoelectricity: 2053

Steel-Wire Recording: (See Recording,
Magnetic)
Synthetic Acoustic Phenomena: 2046
T
Telegrams in Facsimile: 2028
Telegraph:

Facsimile: 2028
Diplex: 2084
Telegraphone: (See Recording, Magnetic)
Telephone Line, Television: 2047
Television: (Sce also Facsimile)
Annual Review: 2008
Brightness Distortion: 2040
Coaxial Filter: 2011
Coaxial Line: 2047
Control Equipment: 2030, 2039
Distortion, Brightness: 2040
Film Scanner: 2029
Multichannel: 2030
Phase Curve Tracer: 2010
Scanning: 2067
Film: 2029
Telephone Line: 2047
Transmission: 2047
Tubes: (See Vacuum Tubes)
Vestigial Sideband: 2011
Wire Line: 2047
Terminology, Piezoelectricity: 2053
Tetrode: (See Vacuum Tubes)
Tracer, Phase Curve: 2010
Transformers: (See also Inductors)
Gain: 2032
Iron Core Radio-Frequency: 2031
Selectivity: 2032
Undercoupling: 2032
Transmission: (See also Propagation of
Waves)
Lines:
Amplitude Relations: 2088
Coaxial: 2047
Driving Point: 2088
Impedance, Terminal: 2088
Parameters: 2088
Terminal Impedance: 2088
Television: 2047
Coaxial Line: 2047
Telephone Line: 2047
Vestigial Sideband: 2011
Wire Line: 2047
Transmitter: (See also Oscillator)
Annual Review: 2008
Broadcast: 2068
Diplex: 2084
Frequency Modulation: 2050, 2068
Drift: 2050
Ultra-High-Frequency: 1994
Vacuum Tubes: (See Vacuum Tubes)
50-Kilowatt: 2068
Triodes: (See Vacuum Tubes)
Tubes: (See Vacuum Tubes)
Tuning:
Resistance: 2043
Undercoupling: 2032

U

Universal Winding: 2057
Unsymmetrical Sideband: 2058

v

Vacuum Tubes: (See also Electronics)
After-Acceleration: 1998
Alternating Fields: 2004
Amplifier: (See Amplifier)
Amplitude of Fluctuation Noise: 2002
Ballistic Models: 2004




———*
Grid Fluctuations: 2001
High-Frequency Electronics: 2022
Large-Signal Electronics: 2022
Mechanical Models:

Cathode-Ray:
After-Acceleration: 1998
Deflection: 1998

Class A, Maximum Power: 2086

Control Grids, Two: 2012

Deflection: 1998

Distribution of Fluctuation Noise: 2002

Electronics: 2022

Electron Motion: 2004

Electron Multipliers: 2077, 2079
Voltage-Controlled: 2077

Fluctuation Noise: 2002
Grid: 2001
High Frequencies: 2001

Full-Wave Rectifier: 2071

Noise: 2002
Orbital-Beam: 2079

Phototubes: 2054

Rectifier: 2071
Operation: 2063
Ratings: 2063

Secondary-Electron

Tetrode: 1994

Oscillator: (See Oscillator)

Power, Maximum, Class A: 2086

: 2079
Sensitive Phototubes: 2054

Triode: 2062

Two Control Grids: 2012

Ultra-High-Frequency: 1994, 2079

Triodes: 2062

Voltage-Doubling Rectifier: 2071
Vestigial-Sideband Transmission: 2011
Vibrations, Quarts P’lates: 2021
Voltage-Controlled Electron Multipliers:

2077
Voltage-Doubling Rectifier: 2071

. w
Winding, Universal: 2057
y A
Zero-Frequency Carrier: 2058

2004

NONTECHNICAL INDEX

Awards

Eta Kapp Nu (Recipients):
Fink, Donald G.
January, p. 35
Hight, Stewart C.
January, p. 35
Morris Licbmann Memorial Prize—1941 (Recipient)
Farnsworth, Philo T.
June, p. 360
Medal of Honor—1942 (Recipient)
Taylor, A. H.
December, p. 658

Biographical Notes

Beverage, H. H.
January, p. 36
Cosentino, A. T. '
October, p. 565
Freed, J. D. R.
May, p. 283
Hel\ll)lert, A. A.2
ay, p. 28
Kirby, S
February, p. 83
Pedersen, P. O.
December, p. 658
Terman, F. E.
October, p. 565

Committee Personnel

April, p. 232
October, p. 568

Constitution and Bylaws

January, p. 35
February, p. 82
March, p. 138
May, p. 280
June, p. 360
August, p. 470
September, p. 524
October, p. 565
December, p. 657

Conventions and Meetings

Electronics Conference
January, p. 36

[.R.E.—U.R.S.I. Meeting
January, p. 36
February, p. 83

Pacific Coast Convention
February, p. 82
March, p. 138
June, p. 352
September, p. 524

Rochester Fall Meeting
August, p. 470
October, 565

Summer Convention
January, p. 35
February, p. 82
April, p. 216
September, p. 524

Winter Convention
October, p. 566
December, p. 662

Editorials

A Message to Institute Members, by Frederick Emmons Terman
and Alfred N. Goldsmith, January, p. 34 ) :

New Policy for Encouraging the Promotion of Institute Sections, by
Frederick Emmons Terman, February, p. 82

Questionnaire to serve the Institute Membership, by Frederick
Emmons Terman, March, p. 138

Institute Establishes a Program for Fostering Relations with Uni-
versities and University Students, by Frederick Emmons Terman,
April, p. 216

Expedited Procedure for Handling Membership Applications, by
Frederick Emmons Terman, May, p. 280

The Executive Committee, by R. A. Heising, June, p. 351

Address of President Terman at the Summer Convention Banquet,
Detroit, Michigan, June 24, 1941, July, p. 406

Editorial Procedure, by Alfred N. Goldsmith, August, p. 469

The Institute Moves Ahead in 1941, by Frederick Emmons Ter-
man, December, p. 656

Election of Officers

Election Notice

May, p. 280
Nomination of Candidates

May, p. 280
Petitions for Candidates

September, p. 524
Election of Officers

December, p. 657

Miscellaneous

Buenos Aires Section Library
May, p. 281
Circuit Designation Method, by O.'H. Caldwell
May, p. 289
Joseph Henry Celebration
September, p. 524
Special Papers
December, p. 659
Standards
September, p. 524
Symposia on Nonlinear Circuit Theory and on Wave Filters and
other Networks
October, p. 567
United States Selective Service
February, p. 83
Yearbook
February, p. 82
Harold R. Zeamans, General Counsel
August, p. 470

Regional Directors
March, p. 138
July, p. 408

Report of Secretary
February, p. 82
March, p. 145

Reptesentatives in Colleges
April, p. 233
Scptember, p. 524
October, p. 569

Representatives on Other Bodies
April, p. 234
October, p. 570

. Sections Established

Dallas-Fort Worth

January, p. 35
Kansas City

February, p. 82
Twin Cities

February, p. 82

August, p. 469

September, p. 524




CHOICE OF §4 AMERICAN RADIO STATIONS

N THE MARKET for less than two years, the
O RCA Type 250-K Broadcast Transmitter
has already been accorded an acceptance far be-
yond that of any other 25-watter produced by
any manufacturer! The initial production-order,
incidentally, was sold out sight unseen before the
first 250-K ever came out of the factory.

It's only natural to ask, "' Why—2"

Part of the answer lies in the extreme flexibility
of the 250-K. It affords outstanding operation
at 100 or 250 watts—and is easily adapted to
1,000-watt operation at any time by the simple
and inexpensive addition of RCA amplifier unit
and power supply Type MI-7187.

Another part of the answer lies in the economy
of the 250-K. For example, it draws only 1625

watts from your power-lineat average modulation  RCA 250-WATT

on a 250-watt carrier. .. economy that helps keep

power-bills low, thanks to its RCA-engi- BROADCAST TRANSMITTER MODEL 250-K
neered high-level Class B modulation.
Tube-costs are low. And installation is

economical-—economical because simple. OUTSTANDING ACCEPTANCE!

Program quality is part of the answer, These American Broadcasting _Stations—including 1,000-watt
t0o—audio is flac within 1% db. from stations using it as an exciter unit—have chosen the RCA Model
z : 250-K ... all within the past two years. And the list does not

30 to 10,000 cycles. include still others to foreign stations, American police instal-

Dependable—? Ask any of ‘thd B4 lations, and stations now under construction !
KANA KBIX KBUR KBWD KFBG KFIO
1
stations who have bought the 250-K ! For KFiZ RFkie WFPO KEXM KGLO KRG
the RCA way is to work for dependability gl Bt KLUF KRJF KROD KSKY
, J KVFD KVOE KWL KWRC
from the first line on the drawing-board KYCA KYOS WAIR WARM WATN WBIR
to the last bolt in the final assembly! e ns gaac Lelidf a2 gony ok
WDAK WDAS WDEF WFDF WFIG WFPG
brad . WGAC WGOV WGTC WHBQ WHKY WHUB
Write for complete data and literature WHYA WINX WISR WIZE WKIP WKMO
today. As we go to press, the 250-K is WKPA WKWK WLAV wLBJ WLKO
; ’ WMIM WMOB WMOG WMRN
still available for immediate delivery WORD WOSH WSAV WSGN
but it may not remain so for long. wsLe wsoc WS00 WSHE
WTHT WTJS WTMA WWNY

“on FINER vurom,m‘c“\

MJ?‘ ﬁ W? g " Rt

RCA Manufacturing Ca., Inc., Camden, N. J. + A Scrvice of Radio Corporotion of Americo « In Conado, RCA Victor Co,, Ltd., Montreal

New York: 411 Plith Ave. Chicago: 589 B. Ililnols 8t. Atlantas 830 Cltlsens & Southesrn Beak Bldg. Delles: Sente Fe Bidg. Sen Frenolecoi 170 Ninth 8t, Hollywood: 1016 N. S8ycemore Ave

Procecedinys of the I. R. E. December, 1941 i




DAVEN

TRANSMISSION MEASURING SETS

TYPE 6-C Designed in co-ordination with the General Engineering Department of the
Columbia Broadcasting System, the 6-C Transmission Measuring Set consists of complete
transmission and load units assembled on a single rack type panel. With a frequency
range from 30 to 17,000 cycles, this set provides an accurate and rapid method for meas-
uring the transmission characteristic of networks at audio frequencies.

The reference level is the new standard of | mw. across 600 ohms. New Weston Type
30 meters are employed. The attenuation range is from Zero to 110 db. in steps of | db.
Power range is calibrated from —16 to +45 db. Dial selection of wseful network input
and load impedances. No correction is required when changing impedances. $325

Overall accuracy is +29%,

TYPE 685 An unusually flexible, universal gain measuring instrument for rapid and
accurate measurement of overall gain, frequency response and power output of audio
amplifiers, this assembly has a useful frequency range from 30 to 17,000 cycles.

It is direct reading in decibels and does not require correction factors or calibration
charts. All networks meters and associated apparatus are shielded and carefully balanced
matched for uniform accuracy over this wide frequency range.

Attenuation range is +10 db. to —120 db. in steps of | db. Power measuring range
is —20 db. to 436 db. Eleven load impedance values, ranging from 5 to 600 ohms
are available. Output impedances may be changed from "balanced" to “unbalanced"
and to any loss impedance by means of plug-in type matching networks. $225

Overall accuracy is =29

THE DAVEN catalog lists the most complete line of precision attenuators in the world:
‘Ladder,"" "'T'" type, ''Balanced H'* and Potentiometer networks—both variable and fixed types—
employed extensively in control positions of high quality program distribution systems and as
laboratory standards of attenuation.

Special heavy duty type switches, both for program switching and industrial applications are
available,

Super DAVOHM resistors are precision type, wire-wound units from 1% to 0.1%, accuracgy,

More than 80 laboratory test equipment models are incorporated in this catalog.

THE DAVEN COMPANY

NEWARK, NEW JERSEY

158 SUMMIT STREET

f
|

Proceedings of the I. R E

FOR TRIPLETT CUSTOMERS ONLY

Long before the state of emergency
was proclaimed, the Triplett Company
was getting ready to do its part in
building our national security. We knew
that we must meet important new re-
sponsibilities. At the same time, we felt
keenly our continuing obligations to our
customers—old friends with whom we
have had happy business relations
through many years.

We doubled—then tripled—our out-
put to fill the needs of our old accounts.
We added to our production facilities
.. . hired many more men . . . are work-
ing extra shifts at time-and-a-half.

All this has not been enough. We
have been called on to produce more
and more for national defense. We are
proud of the job we are doing to help
meet the emergency, but it is difficult
not to be able to serve our old friends
equally as well. In the face of these
conditions, the Triplett Company has
adopted these policies "“for the dura-
tion."

FIRST: We will continue to serve you by
our service to our mutual responsibility
~—the netional emergency.

SECOND: We will continue to do every-
thing we can to fill orders from our regu-
lar customers, even though some deliver-
ies may be temporarily delayed. No busi-
ness from new accounts has been nor
will be accepted until after our old
friends have been served, except where
priorities make it impossible to do so.

THIRD: Our engineering and rescarch de-
partments will continue to work on the
development of superior equipment and
improved methods to serve you still bet-
ter when we can resume normal opera-
tions.

The present emergency is incidental
and as we work towards the future, we

will do our best to continue to merit
your confidence and loyalty.

e
Z// V% -
President
The Triplett Electrical Instrument Company

Manufacturers of Precision Electrical
Instruments

December, 1941




G-E Tubes Mean
Peak Efficiency

Here are a few ways GL-857B'’s
meet your high-power, high-
voltage rectifier requirements

MAXIMUM A-C
INPUT VOLTS*®

CIRCUIT
(RMS)

—_——

APPROXIMATE
D-C OUTPUT VOLTS
TO FILTER

MAXIMUM
D-C LOAD CURRENT
AMPERES

SINGLE-PHASE
FULL-WAVE 7750 7000
(2 tubes)

SINGLE-PHASE
FULL-WAVE
4 tubes)

THREE-PHASE
HALF-WAVE

9000 per leg 10500
9000 per leg 10500
9000 per leg 21000

*For maximum peak inverse voltage of 22,000 volts

THREE-PHASE
DOUBLE-Y
PARALLEL

THREE-PHASE
FULL-WAVE

HE exceptionally rigid filament structure in this

tube assures long cathode life. Arcback has been
greatly reduced. The low voltage drop and low power
loss between electrodes — characteristics inherent in
this type of tube — assure peak efficiency and great
dependability.

The GL-857B was made possible by General Electric’s
pioneer work. After developing the hot-cathode mercury-
vapor rectifier tube, G-E engineers built the first high-
voltage mercury-vapor rectifiers, soon accepted as

15500 fotal 14000

standard throughout the industry. They introduced the
857, and later this 857B.

When you sign your next tube order specify General
Electric tubes—proved in the laboratory, checked at
our own broadcast stations, and verified by the long list
of satisfied users throughout the radio industry. For
your requirements in standard broadcasting, FM, or
television see your G-E representative first, or write
General Electric, Radio and Television Department,
Schenectady, N. Y.




LA Boans
TO MICROAMPS

Engineers can depend on Luxtron*
Photocells for converting light beams
into direct current. These Photocells
are designed and produced to fit your
particular application. Wherever re-
quired, design and production specifica-
tions are employed to get the results
you want.

Today you can have a better photo-
cell made to fit your job. Specify the
mechanical design and photo-electrical
characteristics you need.

Our experience in design and produc-
tion is used repeatedly by a growing
list of satisfied customers. When you
change light beams to microamperes,
let us help you.

Catalog #101-1941
is a technical booklet

Photocells.
your copy today.

PHOTO ELECTRIC CELLS

BRADLEY LABORATORIES, INC.
§2 MEADOW ST. « NEW HAVEN, CONN.

ey US Far ON

describing Luxtron |
Write for

l

@ i
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¥
-
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YTRON

ARSENAL
DEMOGRACY

Hytron is authorized to display this official DEFENSE

” PLANT IDENTIFICATION, signifying that more than 50%

JL
Measured in radio tubes, this figure
represents more than a casual devolion
to Defense. Important, indeed, are the
tasks which Hytron tubes will perform

during long, routine hours and in sudden,
crucial moments.

To loyal Hytron users—to all who know
of the many basic improvements de-
veloped here—it will be no surprise to
find these better tubes taking key posi-
tions in the vast military mosaic of
America and Britain. What should be
emphasized now is:—Delfense is gelting

HYTRON TUBES

RECEIVING
TRANSMITTING

DALLAST
ELECTRONIC

RADIO? 5\ MUNICATIONS?

of our production is devoled to the needs of defense.

what it needs from Hytron, with no
serious effect upon our ability to supply
the radio industry, nor any slightest re.
laxation in quality.

The needs of our regular customers,
increasing heavily, have put Hytron ca-
pacity to a double test. That additional
trial is also being met—in a plant whose
flexibility astonishes even ourselves—by
a master-combination of men, women
and machines that seems ever capable
of doing more and morel

HYTRON CORP. . . . SALEM, MASS.

Masufacturers of Radio Tubes Since 1921

ELECTRIC_POWER?

There is a PRECISION INDUSTRIAL CIRCUIT TESTER
to_meet your INDIVIDUAL SENSITIVITY REQUIREMENTS

Ranges to 6000 Volts —60 Amps—10, 20 or 60 Megs—70-DB
1000, 5000 or 20,000 ohms per volt!

K SELECT THE AC.DC :
VOLT-OHM-DECIBEL-MILLIAMMETER
BEST SUITED TO YOUR NEEDS

ADD THE SERIES | h———
MULTI.RANGE A.C. AMMETER

-——

1000 ohms/volt AC and DC
* Series 845 5000 ohms/volt DC
Plus 1000 ohms/volt AC and DC

* Series 856 20,000 ohms/volt DC
__ Plus 1000 ohms volt AC and DC

* Series J (illustrated above). Eight
AC ammeter ranges. 300 MA full scale
to 60 AMPS. Available individually or
as companion unit to Series 844, 845
or 856.

* Seri.ts 844-) Combination AC~D.C Industrial Circuit Testor (center illustration). Complete with ochmmeter baiteries
and high voltage test leads. Furnished in walnut finished hardwood portable case, size 1l x 15 x 67 .548.95

* Serics 845-) Combination AC-DC Industrial Circuit * Series 856 inati
-J Combination AC-DC Industrial Circuit
Tester. Complete as above _ -$52.95 Tester. Complete as above N Sl;;ugls

WRITE FOR NEW PRECISION INDUSTRIAL TEST INSTRUMENTS CATALOC No. 42-E

B L S

PRECISION APPARATUS COMPANY - 647 KENT AVE o
Export Division: 458 Broodwoy, New York City, U. S. A, . NUECob:Rg?r':sE:Y:;r':;nZ;

Proceedings of the 1. R. E, December, 1941




COPPERWELD AND

Procecedings of the 1. R. E.

COPPER ...vital in a thousand ways to
defense ... must be used wisely. For example,
using OVERSIZE copper conductors to
obtain MECHANICAL strength is wasteful
of precious material. The steel core of the
Copperweld wire provides mechanical
strength in Copperweld or Copperweld-cop-
per Conductors. The copper need only do the
job that copper does best—conduct electricity.

In cooperation with the Office of Pro-
duction Management’s copper conservation
program, and to maintain production and
employment during the present period of
copper scarcity, many manufacturers are turn-
ing to Copperweld (copper-covered steel)
wire as a copper-saving alternate.

COPPER WIRE 2
100% COPPER

COPPERWELD.COPPER

Copperweld wire is made in two electrical
grades—30% or 40% of the conductivity
of a copper wire of the same diameter —
and can be supplied hard-drawn, medium
hard-drawn, and annealed.

Copperweld wire may also be used for
many mechanical and non-electrical applica-
tions where brass or bronze wires have been
employed.

Would you like to have more informa-
tion about Copperweld to determine whether
you can employ its copper-saving possibili-
tics in the production of radio parts and
sets? If so just drop us a line and mention
the diameter of the wire which you may

be seeking.

CONDUCTORS CONSERVE

& COPPERWELD WIRE
30% COPPER (OR 40%)

COPPERWELD STEEL COMPANY

Glassport, Pa.

COPPER *© BRONZE -

December, 1941

COPPERWELD

RODS, WIRE, AND STRAND

COPPER
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* DEDICATED TO BETTER SERVICE =

TERMINAL RADIO CORP.

CONSOLIDATES AT A

NEW ADDRESS

¥ k %

OR BETTER SERVICE to our patrons, Terminal Radio Corp. three years
2go opened its doors at 68 West 45th Street. This move placed us in a
better position to render quick and more convenient service to a greater num-
ber of customers in different parts of the city. The present emergency now
dictates another move to maintain our record of service to the radio industry.

OR BETTER SERVICE . .. we are now consolidating the stocks of radio
perts and equipment from our two stores into new and larger quarters ot

82 CORTLANDT STREET

x- ok %

FTER JANUARY [st, ot our new address—12,000 square feet on one floor
—we will maintain New York's largest and most dependable source of
supply in the radio field. By concentrating our ample supplies under one roof
we hope to expedite deliveries of essential merchandise under present con-
ditions.

You are cordially invited to visit our new home which will incorporate all
the latest innovations in radio merchandising. In the meantime, we will con-
duct business as usual at our present addresses until December 31st.

For radio sets and records only, we will continue at 70 West 45th Street. in
a completely modernized store under the capable management of Jack Haizen.

ol S
THE NEW TERMINAL SET-UP

85 Cortlandt Street 70 West 45th Street

After January Ist, our new After January Ist, a complete-
home for radio parts and equip- y modernized store devoted ex-
ment, amateur apparatus. All clusively to radio sets, records,
the latest transmitters and re and accessories, under the man-
ceivers on display and in opera- agement of Jack Haizen

tion Enlargement of facilities pro

HAM SHACK: A rendezvous viding more and larger lnste:nng
for hams to congregate amid booths, larger stock of records
all the newest developments in and a complete line of all radio
radio communication. sets, phonographs, and acces-

RECORD DEPARTMENT: A sories. No radio parts and
complete stock of records and equipment will be available at
recording equipment. this store.

NEW YORK’S LARGEST EXCLUSIVE RADIO SUPPLY HOUSE

TERMINAL RADIO CORP.

* DEDICATED TO BETTER SERVICE B

*

*

ATR
VIBRATORS
‘““for DEFENSE”’

ATR

VIBRATOR

PROVEN UNITS
of the

HIGHEST QUALITY

Engineered to perfection, ATR Vibrators set
high standards of performance and construc-
tion. Available for any operating input volt-
age from & volts DC to 220 volts DC in a
wide variety of designs for practically any ap-
plication,

In addition to the most ecomplete
line of vibrators, AT offers a very
extensive line of Inverters and other
Vibrator-Operated Power Supplies
for changing one DC voliage to an-
other DC voltage or to invert DC
10 AC.

ATR vibrators, the heart of vibrator-
operated power supplies, are proven
units of the highest quality, engincered
to perfection. They are backed by
more than ten years of vibrator design
and research, development and manu-
facturing—ATR  pioneered in  the
vibrator field. American Television &
Radio Co. has consistently devoted its
efforts and energies to the perfection
and production of vibrators and asso-
ciated equipment, and today, after
ten years of painstaking, persistent and
diligent work resulting in steady de-
velopment and progress, is considered
the World's leader in its ‘field. All ATR
Products incorporate only the best
materials and workmanship and are
carefully manufactured under rigid
engineering  inspections and  tests,
making them the finest that can be
built.

For Additional Information
Address ATR Vibrator Division of

AMERICAN TELEVISION & RADIO CO.
ST. PAUL, MINN,, USA.
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ELECTRIC SWITCH CORP.

/f

ALSIMac

MERCURY SWITCHES,
RELAYS c«.d CONTROLS

American Lava Corporation has developed several
ceramic compositions which are well suited for mercury
switches, relays and controls. They are not attacked
or “wet” by mercury. They do not oxidize, corrode,
dust or flake. They resist erosion. They are absolutely
and permanently rigid, are shock-resisting, withstand
heat and arcing, have high mechanical and dielectric
strength. Parts are accurately custom-made to the blue
prints of the manufacturer.

Por permanently trouble-free insulation, follow the
leaders . . . specify ALSiMac.

JEFFERSON
ELECTRIC

Trode Mark Rog. U.4 Poe O

AMERICAN LAVA CORPORATION - CHATTANOOGA * TENNESSEE

CHICAGO » CLEVELAND « NEW YORK « ST LOUIS « LOS ANGELES « SAN FRANCISCO - BOSTON - PEILADELPBIA - WASHINGTON, D. €
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HARVEY 100-XE

100-WATT TRANSMITTER

Rapid frequency
shift...10 crystal-con-
trolled frequencies.
[ ]
Built to with-
stand extreme climatic
conditions.

HARVEY Radio Laboratories, Inc.

445 CONCORD AVENUE, CAMBRIDGE, MASS.

Deiense Uses

Mntennas

'—IN STEEL

—IN MONEL
—IN ALUMINUM

I The accepted standard for
marine service, ship-to-shore,
mobile units, police cars—in
|two-way communication for
defense purposes—the sturdy,
light-weight Premax Antenna
are doing excellent work.

Fully adjustable, telescoping
|designs in steel, monel and

_ | aluminum, Premax Antennas

BLILEY precision-made Crystal Units

are supplied for all frequencies
from 20Ke. to 30Mc. Catalog G-12
contains complete information.

BLILEY ELECTRIC COMPANY

ERIE, PA

UNION STATION BUILDING

viii

'have been found to meet the
rigid  defense specifications
in every detail.
,’ STANDARD DESIGNS
Premax Antennas are built in
several standard designs, both
 for mobile and fixed locations.
Send for catalog No. 42-R
which shows many types of
antennas and mountings.

\
SPECIAL TYPES

| Premax is equipped to fur-
| nish monel, aluminum and steel
|antennas in special types for
| defense purposes. Let us know
,lyour requirements and we will
‘submit details.

|

Iremaxfodlcts

Division of Chisholm-Ryder Co., Ine.
4215 Highland Ave., Niagara Falls, N.Y,

A Y e
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on Metal Radio Tubes

Placed 18 inches apart, the 80 mil-
lion metal radio tubes sold since
1935 would reach around the world!
More important, these 80 million

. . bes attest the tremendous a -
...and RCA is now producing ¢ SN b e

metal tubes at fastest pace in history!

CurrenT PropucTiON of mnetal
tubes is the greatest in history

—for the amazing acceptance
accorded to metal tubes is still
increasing! 80,000,000 metal-
envelope tubes have been sold
since 1935 . . and today four
of the six largest-selling tube
types are metal types!

Will They
Be Available—?

If you have found difficulty or
delay in obtaining RCA Metal

Proceedings of the 1. R. E. December, 1941

tance accorded by the indusiry to
the finer performance of metal-
envelppe tubes!

Tubes, remember the reason:

it is not because production is

12 REASONS WHY
METAL Tubes are BETTER Tubes!

 Complete Self-Shielding
e Greater Flexibility in Design
Naturally, priority require- » Greater Precision and Uniformity

low but because both defense and
commercial demands are high.
And defense comes first!

ments in materials may limit * Lower Interclectrode Capacitances
the general availability of all Siiofliiveibpelbagstug EOBEN
types of tubes—for all types re-

quire valuable and (" munn

* Freedom of Placement on Chassis
* Higher Getter Efficiency
» Simple, Efficient Grounding

limited metallic ma- o * Single-ended Construction
terials in their inter- g é + Large Pin-Contact Area
nal structure. o mirehe * Lower Socket Costs

» More Rugged Construction

&
, Inc., Camden, New Jersey
R 1.-9946_1 RCA Victor Company, Ltd., Montrea!

CA Manufacturing Ce
he Radio Carporation of Am

G A AR 5 7.

- ) %




POSITIONS OPEN

The following positions of interest to LR.E.
members have been reported as open on De:
cember 1. Make your application in writing and
address to the company mentioned or to

Have you any needle prob- Box No.

lems? If so, let our engineers PROCEEDINGS of the I.R.E.
help you solve them. We | 330 West 42nd Street, New York, N.Y.
specialize in playback and JUNIOR COMMUNICATIONS OPERATORS

The U. 8. Civil Service Commission has issued
an amended announcement for Junior Com
munications Operators on high speed radio

cutting needles for hill-and-

dale, embossing on &lm, equipment. Additional information can be se
9 cured from the Commission at Washington, D.C
acetale instantaneous, wax or from any first- or second-class post office
ding. Permanent
vegorsuiy RADIO MECHANIC.TECHNICIANS
needles for record changers. Announcement No. 134 of the U. S. Civil
“ o e Service Commission (obtainable at the Com
The more “special” your mission’s offices in \Washington or at any first
or second-class post office) has just been re
needs, the betler we can leased. Salaries range from $1440 to $2300 per
year.

serve you. . .
TRANSMITTING-TUBE DESIGNER

west coast manufacturer of radio trans
mitting tubes has an opening for an engineer
,———m—me—e— e —— with backgrou']d n lransmlmnﬁ tube desmn an

b . . manufacture. Applicants should be engineering
The DUOTONE “Star” Sapphire has been graduates and ane had one to five years of

acclaimed by leading engineers. as the experience in vacuum-tube work. Box 258.
finest playback needle in its class. Repro- |

duces without a trace of surface poise . . . | VACUUM-TUBE AND RECEIVER
excellent for dubbing work. ENGINEERS

DUOTONE CO., Inc.

No obligation . . . ‘write today

(1) Electronic Research—Vacuum tube en-
gineer having experience on design of mag-
netrons or velocity modulated tubes and a
sociated circuits.

. (2) Vacuum-Tube Development Engineer hav
ing experience on design and manufacture of

® high-power transmitting vacuum tubes.
799 BroadwaY' New York c“Y | (3) Engineer with experience on ultra high-
frequency, especially on transmitter develop-
| ment.

(4) Receiver Design Engineer familiar witl
aircraft receivers, nrefera((vly including ultra
high frequencies. Experience with cathode ray
tubes ang circuits desirable.

(5) Receiver Engineer experienced medium
band communication receivers of high gain. Ex-
perience with cathode ray tubes and circuits
desirable.

Only American citizens need apply. Interna-
tional Telephone and Radio Laboratories, 67
Broad St., New York, N.Y.

1942 SENIOR RECEIVER ENGINEER
WINTER CONVENTION I \We have an opening for an engineer who is

AND familiar with chassis layout and circuit design
At least four years of experience in radio manu

RADIO ENGINEERING SHOW facturlnf)rneccssary. Executive experience de

sirahle. Present staff knows of this opening. For
personal and confidential interview, write Mr

-
To the Busy Engineer NEW YORK ot o AheE Eaboe Corpannad
JANUARY 12-14 SOV R e
. * * * * * RADIO ENGINEERS, ALL BRANCHES
This department receives frequent urgent

requests for engineers for national-defense work
from various military and civilian branches of

5 . . the U.S t.

The Winter Convention and the Radio ,,I,'emd 1};’3’{,’;‘¢'ﬁ:'?or é‘,‘;;',"‘:;’sngi‘dzg’s"f;:d;;
. . f plicati s. t t 2

Engineering Show are being planned defense work are preferred. o rared it

to help you keep in touch with the rest
of the industry. Come in for at least -
one day—stay for all three if you pos-
sibly can. You'll go back with new
ideas and a fresh perspective on your

. 3 Attention Empl .o
own job. Make up the time if you S

Announcements for “Positions Open” are ac-

must. but come. You'll never regret lt. cepted without charge from employers offering
. salari cm{’) oyment of engineering grade to

1 Rt E. mcr; r,rii. Pleasc,ﬁu »pl’! cplmpl?‘tc ln(rin'ti)r

mation an t i t

INSTITUTE OF RADIO ENGINEERS trested s co,:zdf:t}%k‘"ﬁ'_h°dgs:=%"ﬁo%ﬁxgxé
nstitute of Ra ineers, ’est

330 WEST 42ND STREET 42nd. Street, New York, N.Y. )
NEW YORK, NEW YORK The Institute reserves the right to refuse any an-

nouncement without giving a reason for the refusal.
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BULLETIN |

Two sizes Metallized and Wire
Wound Volume Controls and
Potentiometers up to 2 watts

and 20 megohms resistance.

BULLETIN 11

Metallized-type Resistors: 4 in-
sulated sizes, 14-, 14-, 1. and
2-watts; 10 high frequency sizes,
14- to 150-watts; 4 ultra-high
range sizes; 5 high voltage and
high frequency power sizes; 5
suppressor sizes.

BULLETIN 111

Insulated Wire Wound Resis-
tors: 7 sizes from 1/;- to 20-watts.

BULLETIN IV

Power and Precision Wire
Wound Resistors: 53 sizes of
fixed and adjustable power
types from 10- to 200-watts; in a
wide variety of shapes, mount-
ings, etc. Inductive and nom-
inductive. 14 Precision Wire
Wound Resistor types to as
close as 1/10 of 1%, accuracy.

BULLETIN 1IV-B

Sealed Precision Voltmeter
Multipliers, 2 sizes, 1.0 meg-
ohm to 5 megohms resistance
and 1 kilovolt to S kilovolts.
Impervious to moisture.

BULLETIN V

Attenuators: Unique new IRC
molded motor commutator type
20-step Attenuator; also, con-
ventional 30-step units. Ladder,
potentiometer or bridge T.

BULLETIN Vi

Quick heat dissipating all-metal
Rheostats, 25- and 50-watts.
2-watt Wire Wound Potentiom-
eter and Rheostat.

S

it

L_

2
¢ %

L ] 7~

These IR ﬂ{aiatance
Data Bylfetins, designed
for gdick, easy reference,
vill simplify getting the
right resistor for almost
any application. Ask for
them by number.

December, 1941

INTERNATIONAL RESISTANCE
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| add vital dependability to radio and coms
" "“Y ons  equipment .tovr .’;he‘ Armed "’Be'q i e )
 Branches of the Government. The “Qual Y"-{f
- Above AIl” incorporated in these wunits is
’;se‘{olved from a wealth of experience. "“m"-@r..‘»..
~ Ca qéit'qrs-. are part of your problem, consult
‘u“‘u" }6?"? ‘l;(eadY solution. s P T

L L

g R

= il

Ask for Special Catalog 12-E, available on letterhead request.

SOLAR MFG. CORP., Bayonne, N. J.

FIXED FREQUENCY
CRYSTAL CONTROLLED
RECEIVER

MODEL 82-A

Designed especially for Police, Airport Traffic Control, and Airline
Ground Stations @ Local or remote operation ® Compact—Mounted on
Standard 3!/;” Rack Panel @ Aligning and Tubes changed from Rear—
Unnecessary to remove from Rack ® Excellent image rejection, Squelch
Circuit, Amplified A.V.C., etc. Supplied for operation on any single
frequency between 1.5 to 12 mc. ® Moderately priced.

Write for complete information.
Manufacturers of Commercial Transmitters and Receivers

COMMUNICATIONS CO., Inc.
2700 Ponce de Leon Bivd. - Coral Gables, Florida

To Serve Well The

Professional Radioman

Birthplace
of Success

Every time a CREI lesson
assignment is dropped into a
mailbox some ambitious ra-
dioman is a step closer to his
promotion—better position
—increased pay.

Throughout the radio industry CREI stu-
dents daily deposit in mail boxes their hopes
and ambitions in the form of carefully
answered lesson examinations. More than
| 5000 professional radiomen—some maybe
| your own employees—are now preparing to be
better engineers with the help of CREI sys.
tematic instruction in practical radio en-
| gineering.

CREI does not offer merely simple reading
agsignments or self-correction lessons. Each
CREI lesson text contains a stiff examina-
tion prepared specifically to determine the
student’s understanding of the work covered
and his ability to proceed with the next les.
son. Each examination must be written up
and submitted by the student to the school
where it receives careful correction of mis
takes, personal notations and suggestions,
when necessary, by a trained instructor.

CREI technical training courses will provide
your emnployee-associates with a broad, work-
ing knowledge of practical radio engineering

the kind of knowledge that rates your con
fidence in them—allows you to assign them
10 more important duties—increases the
efficiency of your staff.

| Sugrest 10 your employees that they step up to a

'mallbox now and send for a copy of our deserip.
tive hooklet and complete particulars about CREI
courses, That moilbox can be the birthplace of
their success!

“Since 1927”
CAPITOL RADIO

ENGINEERING INSTITUTE
E. H. Riet:ke, President

Dept. PR-12, 3224-16th St. N.W.

Washington, D.C.
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This is the House

“(‘REA’I‘ oaks from little acorns grow”’ -

¥ In radio, great services from little
electrons grow. Electrons—tiny bits of elec-
tricity—are corpuscles of science in the life-
blood of radio progress.

Electronics took wireless out of the spark
gap and put it into the vacuum tube oscil-
lator; it lifted radio off the cat-whisker of
the crystal detector and placed it in the
electron tube, acting as both detector and
amplifier. Electronics gave wireless a voice

the radiophone, now called broadcasting.

Today inthe Electronic Age, anew

RCA Laboratories—1s
being built on 260 acres at Princeton,

structure

N. J., planned to be the foremost radio
research center in the world. Here in sur-
roundings that inspire clear thinking and
research, scientists of RCA Laboratories
will seek new truths. They will develop new
inventions and services for radio, for in
dustry and for people everywhere, because
Electronics is an ever-broadening field.

The main section of RCA Laboratories

the House that Electrons are Building
will be ready for occupancy in the Spring
of 1942. And with its opening, a new gate-
way to the future of radio swings
wide for the benefit of America and
all the civilized world.

RCA LABORATORIES

A Service of the Radio Corparation of America

Other RCA Services: RCA Manufacturing Company, Inc. . Radiomarine Corporotion of Americo ° R. C. A. Communications, Inc.

Notlonol Broodcosting Company, Inc. . RCA institutes, Inc.
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Shown here, Cabi-
net Rack #R6618.
Typical of a com-
plete line listed in
our Catalog No. 41.

A De Luxe job,
typical of Par-
Metal quality, this
rack is in use on
many commercial
transmitters.

s

=}

STANDARD & CUSTOM-BUILT RACKS & CABINETS

Engineers who expect style, skill, and precision in metal work as
a matter of course, will find that PAR-METAL thinks along this
line.

And we are equipped for volume business. So why not
consult us when bidding on defense orders. Estimates
submitted promptly.

For your guidance, write for our Catalog No. 41

PAR-METAL PrODUCTS CORP.
32.62 49th ST., LONG ISLAND CITY, N. Y.
Export Dept.: 100 Varick St., New York, N. Y.

INDEX
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A H
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NEW!

SHURE 35356

SUPER CARDIOID
DYNAMIC

NEW Broadcast “Super-Cardioid”
s twice as unidirectional as the
Cardioid, from
the standpoint
of receiving
front sounds
and rejecting
rear sounds,
yet has wide-
angle front
pick-up.

NEW “Super-Cardioid”  pick-up
pattern decreases pick-up of rever-
beration energy and random noise
73%.

NEW improved “Ultra” wide-range
frequency response from 40 to
10,000 cycles.

NEW “Super-Cardioid” has sym-
metrical axial pick-up pattern at all
frequencies.

NEW moving coil unit is highly im-
mune to mechanical vibration and
wind noises.

Available now in Model 556A for
35.50 ohms, Model 556B for 200-
250 ohms, and Model 556C for high
impedance—only $75.00 list.

BROADCAST ENGINEERS: You can

have one for 30-day free test without ob-
ligation. Write us today.

SHURE BROTHERS

“Microphone Headquarters”
225 W. Huron St., Chicago, U.S.A.

% G Ay A et
R Z
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AEROVOX TYPE ‘89

OIL-FILLED
TUBULAR
CAPACITORS

® Tiny, handy, inexpensive, these oil-filled tubular paper
condensers are finding many applications in heavy-duty
radio and electronic assemblies. Heretofore made to order
in accordance with the strict specs. of Government and
commercial equipment users, the Type '89 Aerovox oil-
filled tubular midgets are now standard items, mass-
produced, low in cost. Ideal for vibrator applications,
for coupling functions in transmitting circuits, for high-
voltage amplifiers, and in better-grade instruments and

lab. assemblies. £ddll.0!‘l— S oo

Hermetically-sealed in non-ferrous metal can with var-
nished paper insulating jacket. Spun-over ends prevent ® The Acrovox Transmitting Capaci-
grounding or shorting of bare leads. Center mounting tor Catalog covering communication-

. . . type items not listed in the general
strap provides added connection if necessary, and takes catalog, has recently been extensively
strain off leads. ‘ revised. More types, more listings, more
choice, than ever before. If you are
engaged in professional radio or elec-
tronic work, write on business letter-
head for your up-to-the-minute copy.

Typical of the large and varied line of Aerovox oil-
filled capacitors, which facilitates the selection of the
right type at the right price.

EDFORD, MASS.,
NEW 8 s, A

Ceficas in Al
gales Offices 0
principal Cities
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EVERY EXTRA LEAF IN THE

AND FAR
TOO MANY GUESTS

FOR CHRISTMAS DINNER !

TABLE

)

That’s the situation your telephone

company faces every Christmas.

That’s why there may be deiays on

some Long Distance Christmas calls.

® Last Christmas Eve and Day the wires were
jammed. The switchboards were manned by
regular and extra operators working all
through the holiday. Long Distance telephone
calls were three, five and at some places eight
times normal.

We're glad so many folks want to exchange
friendly greetings across the miles at Christ-
mas — but sorry that, because of it, we can’t
supply service as good as usual.

We expect the biggest rush of calls we've
ever had this coming Christmas. We’ll do our
best to prepare for it. But some calls will
be slow. Some may not be completed. For
these, we ask your patience
and-understanding. . . . Thank
you, and Merry Christmas!

BELL TELEPHONE SYSTEM

Proceedings of the 1. R. E.
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Consider a 55t

Capacitors

Y. TSI T TR AN T TS W

CANADIAN COLONIAL FIIRUJHVS ine

COMMUNI/CAT/IONS DEPT.
EQUIPMENT CHART

PART 50[ B3I58592067,25C B

AUXILIARY RECEIVER

Dependabilgies

THERE'S EXTRA DEPENDABILITY IN
LONGER LASTING C-D CAPACITORS

Sound advice to engineers and purchasing agents is the
capacitor recommendation of Canadian Colonial Airways.
Consider dependability. You get extra dependability
when you specify Cornell-Dubilier capacitors, because
the broadest experience in the industry is behind them

more than 31 years of specialization in capacitor

manufacturing

Cornell-Dubilier superiority 1s hidden to the eye. But
it's there in the capacitor ingredients . . . in the quality
of parts, in the skillfulness of fabrication — and it
shows in service. So much so that Cornell-Dubilier
capacitors arc the unanimous choice today of America’s
leading airlines for all aircraft and ground transmitting
and receiving communications equipment. Whatever
your capacitor requircments, it pays to specify C.Ds.

AUXILIARY BA
~ LooP
LOOP AMPLI

LOOP DRI\?

MICA - DYKANOL - PAPER - WET & ORY ELECTROLYTIC CAPACITORS

CAPACITORS MAY LOOK ALIKE BUT. ..

There is extra long life, extra uniformity and
dependability built into C-Ds. Next time you specify capacitors look for the
Cornell-Dubilier seal of experienced engineering. And get the hidden extras

al no exira cost, Send [or Cdlafag, Cornell-Dubilier Electric Caorporation,

1012 Hamilton Blyd., South Plainfield, New [ersey.

Cornell ﬂah/zer

USE

SOUTH PLAINFIELD, N, NEW BEOFORD, MASS

. =
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We Don't Want To Grow Too LARGE!

ISITORS to the laboratories and factory of General
Radio are very often surprised at our size. Some
think we must occupy a hole-in-the-wall, others that

we are spread out over acres.

Happily, we occupy a position between both of these undesirables.
Our total floor space is 75,000 square feet, divided between three
four-story buildings =nd occupying about a half a city block. Our
total personnel is 287, of which number 30 are engineers.

G-R does not want to grow large: only by following the basic idea
upon which the company was founded in 1915 can we continue to
serve our customers in the instrumentation field. That idea was to
have an organization large enough to get instruments turned out,
in peace time, in sufficient quantity to satisfy our customers and
give us a reasonable profit: and at the same time small enough to
enjoy the flexibility essential to adapting research, engineering and
manufacture to the ever rapidly changing developments in the
electronic art.

The type of equipment manufactured by G-R does not lend it-
self to production-belt methods ; G-R design will never be cheapened
to make mass production possible.

As soon as we grow to be a large company, we lose most of the
essential direct contact between engineers and customers, and be-
tween engincers and the shop; ideas when diluted b+ ei qm,m-
bvtweq:ns in an organization lose.some of thelr qparkle-and nuu h
of their originality. '

Fundamentally we have only one thing_ to sellz engmeermg l(ie'
wrap,pfzd up in{ eabinets with éontrel pade]s. Many concerns can™
manufaciure Mmore economically than we; few have tlfch a larg '

| pcreentage of idea-developing engineers; '

HG-R grows large . . . if it Zrows so large that to vhange a ma-

| CARMBET chine s¢rew from @,6-32 to an 8-32 requiresia design confercnee, &1

_thousand dollars in drafting time.and a menth’s delay for tooling
N’.‘" we will eease 10 perform the function for which the conmpany
established: Io design and manufacture precision electrical

- l(?OdNZVENTION gsu;:mg apparatus at a price consistent with both the quality of
AND d h {
\ADIO ENGINEERING ,ﬂfégfodu&t produced and the type of persons employed.
SHOW _’ .t?'

GENERAL RADIO COMPANY

NEW YORK

JANUARY 12-14

CAMBRIDGE MASSACHUSETTS



