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: Experimental Polyphase Broadcasting’
PAUL LOYET{, MEMBER, LR.E

_ Summary—An experimental installation of polyphase broadcast-
u:z,is described using 1000 watts carrier power on a frequency of 1000
kilocycles. Fidelity measurements made of the modulated field intensity
radiated from this installation indicate that comparable performance to
other present-day amplitude-modulated broadcast transmilting equip-
ment can be obtained readily. It is demonstrated that transmitling
equipment of this type need only have a peak power capability of the
output tubes approximately 1} times carrier power.

INTRODUCTION

<NGINEERING developments of the past few
years have resulted in substantial increases in
the over-all efficiency of broadcast transmitting
equipment (550 to 1600 kilocycles), particularly in the
higher-power ranges. These developments include the
use of the Doherty amplifier and the use of high-level
class B modulation. High-efficiency equipments of
these types have resulted in over-all efficiencies of the
order of 40 per cent being obtained for transmitters
having a power output of 5 kilowatts and more. It is
the purpose of this paper to describe a transmitting
system which results in a further increase in the over-
all efficiency by reducing the number of high-power
vacuum tubes required. For high-efficiency equipment
of the above. types, nearly 30 per cent of the rated
carrier power of the transmitter is required for ilament
heating of the final amplifier tubes alone.

For all conventional transmitting equipment for
this service, the radio-frequency power output of the
transmitter varies from zero to four times the carrier
power during each cycle of the audio-frequency modu-
lating voltage for 100 per cent modulation. It is thus
necessary that the final power-amplifier tubes be ca-
pable of delivering a peak power equal to four times the
carrier power of the transmitter. A unique feature of
the system to be described lies in the fact that the
radio-frequency power output of the transmitter is
constant throughout the audio-frequency modulation
cycle. This system of polyphase broadcasting has been
described in detail by Byrne.!

Recognizing the possibilities of polyphase broad-
casting, the Central Broadcasting Company in con-
junction with the engineers of the Collins Radio
Company undertook a typical test of the system at
broadcast frequencies. As most of the characteristics of
the system could equally well be studied on a low-power
basis, an experimental license was obtained for use of
1000 watts operating on WHO's regularly assigned
frequency of 1000 kilocycles. The results here reported
were obtained at the WHO transmitter site, where the
antenna system was modified for polyphase operation.

* Decimal classification: R550. Original manuscript received b
the Institute September 4, 1941; revised manuscript received,
April 6, 1942, Presented, Broadcast Engineering Conference, Ohio
State University, Columbus, Ohio, February 13, 1941.

t Collins Radio Company, Cedar Rapids, lowa.

1 John F. Byrne, “Polpyphase broadcasting,” Elec. Eng., 58,
347-350; July, 1939,
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These results show that the system is entirely practical
and capable of high-fidelity broadcast service accord-
ing to all present-day standards for amplitude-modula-
tion equipment. Before presenting the data obtained,
the theory of polyphase broadcasting will be reviewed
and the equipment described under the following sub-
divisions: (1) The Antenna System, (2) The Trans-
mitter, (3) The Monitoring System, (4) The Measur-
ing Equipment.

REVIEW OF POLYPHASE BROADCASTING

In the conventional transmitter, the antenna cur-
rent varies from zero to twice carrier value when 100
per cent amplitude modulated, and the field intensity
produced varies in a similar manner. Also the field in-
tensity varies in this manner in all directions from the
radiating system simultaneously. That is, the varia-
tion of the field intensity due to modulation at any
point is in exact phase with the variation of the field
intensity at any other point an equal distance away.

In the system of polyphase broadcasting, the varia-
tion of the field intensity due to modulation at a point
in one direction from the antenna is not in phase with
the variation in field intensity at points equally distant
in other directions. For example, a modulation peak
occurs north of the antenna system at the same time
that a modulation null occurs south. One quarter of
the modulation cycle later, the modulation peak occurs
east of the antenna system and the modulation null
occurs west. As the modulation progresses through the
audio-frequency cycle, this condition rotates about
the radiating system. Thus at 100 per cent modula-
tion, the instantaneous power output of the system
does not vary although the field intensity at any fixed
point varies in accordance with the modulation from
zero to twice carrier value. This rotating modulation
field is obtained by means of a 5-element vertical an-
tenna array and associated transmitting and coupling
equipment.

In the antenna system, four identical radiators are
arranged at the corners of a square with the Afth
antenna in the center. The central antenna is supplied
with unmodulated radio-frequency power and is re-
ferred to as the carrier antenna. The antennas at op-
posite ends of one diagonal constitute a directional pair
and are supplied with suppressed-carrier modulated
radio-frequency power. The two antennas at the ends
of the other diagonal also constitute a directional pair
and are fed with suppressed-carrier modulated radio-
frequency power. The two antennas of each sideband
pair are fed in series and carry currents of opposite
phase so that the directional patterns of the sideband
pairs are figures of eight at right angles. Further, the
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resultant phase of the suppressed-carrier currents in
the sideband pairs differs from the phase of the current
in the carrier antenna by an angle of 90 degrees. If, in
addition, the modulating voltages to the suppressed-
carrier modulators are 90 degrees in phase, the required
conditions for a rotating modulation field are fulfilled.

The field-intensity patterns existing at three in-
stants 45 degrees apart in the audio-frequency cycle of
modulation are shown in Fig. 1. In column A, two sine
waves are shown displaced 90 degrees in phase. These

Proceedings of the I.R.E.
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algebraic sum of these two patterns. This algebraic
sum is shown graphically by the third figure in column
A which is a cardioid pattern having twice carrier in-
tensity to the west, zero intensity to the east, and
carrier values north and south.

In column B is shown the conditions one eighth of
the modulation cycle later. At this instant the modu-
lating voltage associated with the east-west antenna
pair has been reduced to 70 per cent of its maximum
value, and the modulating voltage associated with the

COLUMN A COLUMN B COLUMN C
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Fig. 1—Horizontal field of pattern development.

sine waves represent the magnitude of the audio mod-
ulating voltages applied to the suppressed-carrier
modulators of the transmitter. At the particular in-
stant shown T =0, the modulating voltage associated
with the north-south antenna pair is zero and the
modulating voltage associated with the east-west an-
tenna pair is at its maximum. Immediately below this
diagram is a diagram of the field intensities produced
by the antenna system. The circle represents the field
intensity due to the unmodulated-carrier antenna. The
horizontal figure of eight represents the field intensity
due to the east-west antenna pair at this instant. Fur-
ther, the phase relation of the field produced by the
east-west antenna is such that the left-hand half of the
figure of eight is in phase with the carrier field and
the right-hand half is 180 degrees out of phase with the
carrier field. The field intensity in any direction is the

north-south pair has reached 70 per cent of its maxi-
mum value. At this instant both the east-west and
north-south pairs are operating producing the fields
shown in the second figure of column B. The third fig-
ure of column B is the algebraic sum of the field in-
tensities and shows that the cardioid field pattern has
rotated counterclockwise 45 degrees.

In column C, conditions one quarter of the modula-
tion cycle later are shown. At this instant the east-
west modulating voltage has been reduced to zero,
.while the north-south modulating voltage has reached
its maximum. The instantaneous fields due to the an-
tenna system are shown in the second figure and the
algebraic sum of the fields is shown in the third figure
of column C. At this instant the directional pattern of
the array has rotated counterclockwise 90 degrees. In
this manner, as the modulation progresses through a
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complete cycle, the field-intensity pattern rotates
counterclockwise one revolution. The root-mean-
square value of the field-intensity pattern does not
change from instant to instant in the cycle and thus
the total power output of the system is constant
throughout the cycle. Calculation shows that at this
100 per cent modulated condition the root-mean-
square value of the field has been increased 223 per cent
and the radiated power has increased 50 per cent over
the unmodulated carrier value.

THE ANTENNA SYSTEM

Fig. 2 is a photograph of the radiating system in-
stalled at WHO. Fig. 3 is an elevation drawing of the
antenna system. A spacing of 110 feet was first used for
the sideband antenna pairs and this was later increased
to 150 feet in order to increase their radiation resist-
ance. The four insulated guy wires were fastened at the
top of the tower and anchored at a point approxi-
mately 350 feet from the base of the tower. At a point
along the guy wire 140 feet from the top end, vertical
radiators were suspended constructed of seven-strand
No. 18 phosphor-bronze cable. These antennas were
dropped vertically to a point 75 feet from the base of
the tower. In order to increase the effective length of
the sideband radiators, 110 feet of the guy wire was
used to top load the vertical radiators. The radiating
part of the system is indicated by heavy lines on Fig.
3 and the supporting guy wires and tower structure by
light lines. Each sideband antenna pair was fed in
series to produce the desired figure-of-eight pattern.

Three important points characterize the antenna
system arrangement:

Fig. 2—WHO transmitter building and antennas.
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1. The presence of current in one of the sideband
pairs induces no voltage in the other sideband pair nor
in the carrier antenna inasmuch as the currents are
equal and opposite in phase and produce equal and
opposite effects on the radiators in question.

S |
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Fig. 3—Antenna elevation, polyphase experiment, WHO.

e

7777777

2. The carrier radiator when carrying current in-
duces equal voltages in each of the sideband antennas.
Inasmuch as the sideband antenna pairs are fed in
series, the induced voltages are in phase opposition
and thus produce no current.

3. Due to the fact that the mutual coupling between
the carrier antenna and the sideband antennas, and
between the sideband antennas themselves, is zero, all
adjustments of tuning and phasing of the antenna sys-
tem are noninterlocking, thus greatly simplifying the
adjustment of the system.

THE TRANSMITTER

The transmitter used was designed and manufac-
tured by the Collins Radio Company. Fig. 4 is a block
diagram of the transmitter arrangement. Since the
transmitter consists of three individual radio-frequency
amplifier channels, the general configuration is some-
what more complicated than that of conventional
broadcast transmitters. It includes a carrier amplifier
channel and two sideband amplifier charnels.

The carrier amplifier channel employs two type 833
tubes in the final stage. This section of the transmitter
contains no unusual features, as it supplies unmodu-
lated radio-frequency power to the carrier antenna.
All stages arc operated as class C amplifiers and all
tubes may be operated according to class C telegraph
ratings.

A unique feature of the transmitter equipment is
that while double-sideband currents (suppressed car-
rier) are supplied to the two sideband antenna pairs,
the power amplifiers employed in the sideband ampli-
fier channels amplify only single-sideband currents.
Each sideband amplifier channel employs a type HF-
300 tube in the final stage operated as a lincar class B
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amplifiecr. At no modulation these tubes have no out-
put, and at 100 per cent modulation level these tubes
are operating at near saturation level.

The audio input to the transmitter is supplied to two
audio-frequency phase-shift networks whose inputs
are connected in parallel. These phase-shift networks
are of the all-pass type with constants so chosen that
the resulting phase difference of the audio-frequency
output voltage is substantially 90 degrees throughout
the usable range of 30 to 10,000 cycles per sccond.
These quadrature audio-frequency voltages are used

Proceedings of the I R.E.
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amplifier channels is similar to that of the balanced
modulators, In this manner suppressed-carrier double-
sideband currents as from balanced modulator A may
be supplicd to one sidechband antenna pair and sup-
pressed-carrier double-sideband currents as from bal-
anced modulator B may be supplied to the other
sideband antenna pair. A radio-frequency phase-shift
network is added in one double-sideband output chan-
nel providing 90-degree phase shift. In this manner the
phase of the suppressed carrier is the same for the
double-sideband currents supplied to cach sideband
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Fig. 4—Block diagram, polyphase transmitter.

to produce suppressed-carrier double-sideband voltages
in balanced modulators A and B. The balanced modu-
lators each consist of a pair of type 809 tubes. The
radio-frequency excitation voltages supplied to the
balanced modulators have a phase difference of 90 de-
grees.

The output of balanced modulator B is fed to the
center-tapped winding in the output of balanced mod-
ulator A. Thus the sum of the output voltages appears
in one sideband amplifier channel and the difference
of the output voltages appears in the other. Since the
output of balanced modulator A may be represented
by cos pt cos wt and the output of balanced modulator
B may be represented by sin Pt sin wf, the sum is the
lower sideband and the difference the upper sideband.
In these expressions, p is 2r times the audio frequency
and w is 27 times the radio frequency.

The output-circuit configuration of the sideband

antenna pair. A result of this circuit “arrangement is
that the output of balanced modulator A retains its
identity and completely controls the input to sideband
antenna pair A. Similarly, the output of balanced
modulator B affects only sideband antenna pair B.
It has been pointed out above that the total power
output is constant and cqual to 1} times the carrier
power of the transmitter for 100 per cent tone modula-
tion. If the sideband lincar amplifiers operate single
sideband, these amplifier tubes or channels will oper-
atv' at constant amplitude for a given percentage modu-
l.'n'lon at a single-frequency tone. Each amplifier oper-
ating at constant amplitude supplics a power cqual to
one fourth of the carrier power of the transmitter for
100 per cent tone modulation. The result is that the
total power capability of the carrier amplifier and the
two sideband amplificrs need only be equal to 1} times
the rated carrier power of the cquipment. This is the
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or point of the economy of the polyphase-broad-
ng system. The total final-amplifier peak-power
bility mayv be reduced from 4 to 1.5 units. It is
ily shown that if the linear amplifiers were oper-
as suppressed-carrier double-sideband amplifiers,
total peak-power capability would be twice the
er power. for under this condition of operation
amplifier is idle twice every cycle. Each amplitier
t individually be capable of 30 per cent of the
power of the transmitter for this condition. In
the suppressed-carrier double-sideband am-

er would not operate as efficiently as the single-
and amplifier. Inasmuch as single-sideband opera-
mayv be so easily obtained, this feature was in-
ed in the design of this experimental transmitter.

Fiz. 5—Front view of 1000-watt polvphase transmitter.

igs. 5 and 6 are photographs of the experimental
N-watt transmitter. The center unit is the carrier
lifier and those adjacent, the two single-sideband

ifving units. Fig. 7 is a photograph showing th

ling house at WHO where the experimental trans-
er was installed. The coupling units for matching
he sideband antenna pairs were temporarily sup-
ed at this time as a large ground screen was being
talled around the base of the main radiator

THE MONITORING SYSTEM

ther feature of the polyphase broadcasting

m that is unique is the monitoring system. Inas-
h as the various components of the amplitude-
dulated wave are supplied from independent radia-
, not to mention independent amplifiers, the phase
hese various radio-frequency components is quite
trary and dependent upon phase shifts in the trans-

~
Pt
-t

mission lines. coupling system, and antenna system. If
these phase shifts were accurately known, a phase
meter could be connected to the output of the carrier
and sideband amplifiers and used for monitonng.

Fiz. 6—Rear view of 1000-watt polyphase transmitter.

A more satisfactorv method of maintaining the
proper phase relation between the various components
was found. A monitor receiver was installed at a dis-
tance from the antenna system and on a line 45 degrees
from the two sideband antenna pairs. The intermedi-
ate-frequency output of this monitor receiver is trans-
mitted back over a transmission line to the transmitter
house and a cathode-ray oscilloscope used for an indi-

e ) '

Gore aeommanug O L
I‘l\l mrh :T:.E.s...

Fig. 7—Coupling house, WHO.

cator. When the various components of the radio-fre-
quency wave have the proper phase relations, it is
possible to accomplish complete amplitude modula-
tion. An adjustment procedure is to provide a modu-
lating voltage, and adjust the phase of the radio-fre-
quency input to the balanced modulators A and B
until the maximum depth of modulation is obtained.
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amplifier. At no modulation these tubes have no out-
put, and at 100 per cent modulation level these tubes
are operating at near saturation level.

The audio input to the transmitter is supplied to two
audio-frequency phase-shift networks whose inputs
are connected in parallel. These phase-shift networks
are of the all-pass type with constants so chosen that
the resulting phase difference of the audio-frequency
output voltage is substantially 90 degrees throughout
the usable range of 30 to 10,000 cycles per second.
These quadrature audio-frequency voltages are used
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amplifier channels is similar to that of the balanced
modulators. In this manner suppressed-carrier double-
sideband currents as from balanced modulator 4 may
be supplied to one sideband antenna pair and sup-
pressed-carrier double-sideband currents as from bal-
anced modulator B may be supplied to the other
sideband antenna pair. A radio-frequency phase-shift
network is added in one double-sideband output chan-
nel providing 90-degree phase shift. In this manner the
phase of the suppressed carrier is the same for the
double-sideband currents supplied to each sideband

Low PoweER DRIVER CARRIER CARRIER
OSCILLATOR N
ANTENNA
& BUFFERS AMPLIFIER AMPLIFIER
R.F PHASING NETWORKS
/cos.wt c05.€t cos. Wt — SINOt SINWT co0s.€t sINnWt
Y ? cos.et cos.wt I cos(w+e)t coset coswt SUCECEND)
L] ANT IIAII
‘ UPPER A-B+A+B__ 20 ENNA ,
BALANCED
SIDEBAND
MODULATOR
LINEAR T
"
AMPLIFIER l SEERACT
F T ANTENNA''B"
o
‘9
cos.(w-¢e)t SIN @t SIN Wt
SIN.WT LOWER
— BaLanceo SIDEBAND
] AN
MODULATOR A+B
wg LINEAR
8
AMPLIFIER
= =4 =
SIN.t sINWTEt 7 N 7

AUDIO
AMPLIFIER
wan
AVDIO
AMPLIFIER
Ilall
SIN. € t

cos. €t

PHASE DELAY NET

c0s5.€t cos. Wt 4+ sINCt SINWT

AUDIO INPUT

'
L |

Fig. 4—Block diagram, polyphase transmitter.

to produce suppressed-carrier double-sideband voltages
in balanced modulators 4 and B. The balanced modu-
lators each consist of a pair of type 809 tubes. The
radio-frequency excitation voltages supplied to the
balanced modulators have a phase difference of 90 de-
grees.

The output of balanced modulator B is fed to the
center-tapped winding in the output of balanced mod-
ulator A. Thus the sum of the output voltages appears
in one sideband amplifier channel and the difference
of the output voltages appears in the other. Since the
output of balanced modulator A may be represented
by cos pt cos wt and the output of balanced modulator
B may be represented by sin P! sin w?, the sum is the
lower sideband and the difference the upper sideband.
In these expressions, p is 2w times the audio frequency
and w is 27 times the radio frequency.

The output-circuit configuration of the sideband

antenna pair. A result of this circuit arrangement is
.that the output of balanced modulator A4 retains its
identity and completely controls the input to sideband
antenna pair A. Similarly, the output of balanced
modulator B affects only sideband antenna pair B.
It has been pointed out above that the total power
output is constant and cqual to 11 times the carrier
power of the transmitter for 100 per cent tone modula-
tion. If the sideband lincar amplifiers operate single
sideband, these amplifier tubes or channels will oper-
ate at constantamplitude for a given percentage modu-
Iat.lon at a single-frequency tone. Each amplifier oper-
ating at constant amplitude supplics a power equal to
one fourth of the carrier power of the transmitter for
100 per cent tone modulation. The result is that the
total power capability of the carrier amplifier and the
two sideband amplifiers nced only be equal to 1} times
the rated carrier power of the equipment. This is the
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major point of the economy of the polyphase-broad-
casting system. The total final-amplifier peak-power
capability may be reduced from 4 to 1.5 units. It is
readily shown that if the linear amplifiers were oper-
ated as suppressed-carrier double-sideband amplifiers,
the total peak-power capability would be twice the
carrier power, for under this condition of operation
each amplifier is idle twice every cycle. Each amplifier
must individually be capable of 50 per cent of the
carrier power of the transmitter for this condition. In
addition, the suppressed-carrier double-sideband am-
plifier would not operate as efﬁcnently as the single-
sideband amplifier. Inasmuch as single-sideband opera-
tion may be so easily obtained, this feature was in-
cluded in the design of this experimental transmitter.

Fig. 5—Front view of 1000-watt polyphase transmitter.

Figs. 5 and 6 are photographs of the experimental
1000-watt transmitter. The center unit is the carrier
amplifier and those adjacent, the two single-sideband
amplifying units. Fig. 7 is a photograph showing the
coupling house at WHO where the experimental trans-
mitter was installed. The coupling units for matching
to the sideband antenna pairs were temporarily sup-
ported at this time as a large ground screen was being
installed around the base of the main radiator.

THE MONITORING SYSTEM

Another feature of the polyphase broadcasting
system that is unique is the monitoring system. Inas-
much as the various components of the amplitude-
modulated wave are supplied from independent radia-
tors, not to mention independent amplifiers, the phase
of these various radio-frequency components is quite
arbitrary and dependent upon phase shifts in the trans-
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mission lines, coupling system, and antenna system. If
these phase shifts were accurately known, a phase
meter could be connected to the output of the carrier
and sideband amplifiers and used for monitoring.

Fig. 6—Rear view of 1000-watt polyphase transmitter.

A more satisfactory method of maintaining the
proper phase relation between the various components
was found. A monitor receiver was installed at a dis-
tance from the antenna system and on a line 45 degrees
from the two sideband antenna pairs. The intermedi-
ate-frequency output of this monitor receiver is trans-
mitted back over a transmission line to the transmitter
house and a cathode-ray oscilloscope used for an indi-

ST e .J'
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Fig. 7—Coupling house, WHO.

cator. When the various components of the radio-fre-
quency wave have the proper phase relations, it is
possible to accomplish complete amplitude modula-
tion. An adjustment procedure is to provide a modu-
lating voltage, and adjust the phase of the radio-fre-
quency input to the balanced modulators A and B
until the maximum depth of modulation is obtained.
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amplifier. At no modulation these tubes have no out-
put, and at 100 per cent modulation level these tubes
are operating at near saturation level.

The audio input to the transmitter is supplied to two
audio-frequency phase-shift networks whose inputs
are connected in parallel. These phase-shift networks
are of the all-pass type with constants so chosen that
the resulting phase difference of the audio-frequency
output voltage is substantially 90 degrees throughout
the usable range of 30 to 10,000 cycles per second.
These quadrature audio-frequency voltages are used

May

amplifier channels is similar to that of the balanced
modulators. In this manner suppressed-carrier double-
sideband currents as from balanced modulator A may
be supplied to one sideband antenna pair and sup-
pressed-carrier double-sideband currents as from bal-
anced modulator B may be supplied to the other
sideband antenna pair. A radio-frequency phase-shift
network is added in one double-sideband output chan-
nel providing 90-degree phase shift. In this manner the
phase of the suppressed carrier is the same for the
double-sideband currents supplied to each sideband
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Fig. 4—Block diagram, polyphase transmitter.

to produce suppressed-carrier double-sideband voltages
in balanced modulators 4 and B. The balanced modu-
lators each consist of a pair of type 809 tubes. The
radio-frequency excitation voltages supplied to the
balanced modulators have a phase difference of 90 de-
grees.

The output of balanced modulator B is fed to the
center-tapped winding in the output of balanced mod-
ulator A. Thus the sum of the output voltages appears
in one sideband amplifier channel and the difference
of the output voltages appears in the other. Since the
output of balanced modulator A may be represented
by cos pt cos wt and the output of balanced modulator
B may be represented by sin P! sin wt, the sum is the
lower sideband and the difference the upper sideband.
In these expressions, p is 27 times the audio frequency
and w is 27 times the radio frequency.

The output-circuit configuration of the sideband

antenna pair. A result of this circuit arrangement is
that the output of balanced modulator A retains its
identity and completely controls the input to sideband
antenna pair A. Similarly, the output of balanced
modulator B affects only sideband antenna pair B.
It has been pointed out above that the total power
output is constant and equal to 1} times the carrier
power of the transmitter for 100 per cent tone modula-
tion. If the sideband linear amplifiers operate single
sideband, these amplifier tubes or channels will oper-
ate at constantamplitude for a given percentage modu-
lat.lon at a single-frequency tone. Each amplifier oper-
ating at constant amplitude supplics a power equal to
one fourth of the carrier power of the transmitter for
100 per cent tone modulation. The result is that the
total power capability of the carrier amplifier and the
two sideband amplifiers need only be cqual to 1} times
the ratéd carrier power of the equipment. This is the
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major point of the economy of the polyphase-broad-
casting system. The total final-amplifier peak-power
capability may be reduced from 4 to 1.5 units. It is
readily shown that if the linear amplifiers were oper-
ated as suppressed-carrier double-sideband amplifiers,
the total peak-power capability would be twice the
carrier power, for under this condition of operation
each amplifier is idle twice every cycle. Each amplifier
must individually be capable of 50 per cent of the
carrier power of the transmitter for this condition. In
addition, the suppressed-carrier double-sideband am-
plifier would not operate as efficiently as the single-
sideband amplifier. Inasmuch as single-sideband opera-
tion may be so easily obtained, this feature was in-
cluded in the design of this experimental transmitter.

Fig. 5—Front view of 1000-watt polyphase transmitter.

Figs. 5 and 6 are photographs of the experimental
1000-watt transmitter. The center unit is the carrier
amplifier and those adjacent, the two single-sideband
amplifying units. Fig. 7 is a photograph showing the
coupling house at WHO where the experimental trans-
mitter was installed. The coupling units for matching
to the sideband antenna pairs were temporarily sup-
ported at this time as a large ground screen was being
installed around the base of the main radiator.

THE MONITORING SYSTEM

Another feature of the polyphase broadcasting
system that is unique is the monitoring system. Inas-
much as the various components of the amplitude-
modulated wave are supplied from independent radia-
tors, not to mention independent amplifiers, the phase
of these various radio-frequency components is quite
arbitrary and dependent upon phase shifts in the trans-
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mission lines, coupling system, and antenna system. If
these phase shifts were accurately known, a phase
meter could be connected to the output of the carrier
and sideband amplifiers and used for monitoring.

Fig. 6—Rear view of 1000-watt polyphase transmitter.

A more satisfactory method of maintaining the
proper phase relation between the various components
was found. A monitor receiver was installed at a dis-
tance from the antenna system and on a line 45 degrees
from the two sideband antenna pairs. The intermedi-
ate-frequency output of this monitor receiver is trans-
mitted back over a transmission line to the transmitter
house and a cathode-ray oscilloscope used for an indi-

Fig. 7—Coupling house, WHO.

cator. When the various components of the radio-fre-
quency wave have the proper phase relations, it is
possible to accomplish complete amplitude modula-
tion. An adjustment procedure is to provide a modu-
lating voltage, and adjust the phase of the radio-fre-
quency input to the balanced modulators A and B
until the maximum depth of modulation is obtained.
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After a little experience, it was found possible to make
this adjustment quite satisfactorily with regular pro-
gram modulation in place of a single frequency tone.
The monitor-receiver location was approximately 1
mile from the antenna system, at which distance

Fig. 8—Monitor receiver.

parallax due to physical dimensions of the antenna
system is negligible. Fig. 8 is a photograph of the
monitor receiver with the WHO antenna in the back-
ground. This monitor receiver was battery-operated
and its output at intermediate frequency was trans-

e
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Fig. 9—Field car, housing measuring equipment.
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mitted to the transmitter housc over a twisted-pair
radio-frequency transmission line. To simplify trans-
mission difficulties, an intermediate frequency of 195
kilocycles was used instead of the usual 456 kilocycles
and it was also found necessary to insert at three
points 1000-kilocycle traps in this line to prevent un-
wanted 1000-kilocycle pickup. The receiver employed
a crystal oscillator, a converter tube and an untuned
amplifier stage transformer-coupled to the transmis-

Fig. 10—Maeasuring equipment inside field car.

sion line. The transmission-line loss was high and it
was necessary at the transmitter house to employ a 2-
stage amplifier to raise the level sufficiently to operate
a small cathode-ray tube. All data included in the lat-
ter part of this paper were obtained by visually phasing
the antenna system by means of the menitor receiver,
associated amplifier, and the cathode-ray tube.

3o € auD0 GEN RADIO
POWER 3 ] DISTORTION
R - wETER

GEN RADO
wave
aAnaLrsER l

Fig. 11—Block diagram of measuring equipment.

THE MEASURING EQUIPMENT

In addition to the monitoring equipment, it was
necessary to develop some special receiving appara-
tus for performance measurements of the transmitter,
This apparatus was mounted in the truck shown in
the photograph Fig. 9. Fig. 10 is a photograph of the
equipment rack in the truck. A block diagram of



1942

Loyet: Experimental Polyphase Broadcasting

219

a———F—
7—#—- _ o —
Z 66—
36
F 5
x
04 -
o
S 0L
10 30 00 300 1000 3000 10000 10 30 100 300 1000 3000 10000
FREQUENCY FREQUENCY
1000 KC CHECHK 1370 KC CHECHK

957, MOD 957¢ M0D.
3>
S, PERFORMANCE OF
=
@a ! MEASUREMENT RECEIVER
g 2t - - - TRANSMITTER
2, , DISTORTION
2, ——— e — 7 ———DISTORTION MEASURED

8y RECEIVER
([+] 30 100 300 1000 3000 10000
FREQUENCY
880 KC CHECK
5% MOD -
Fig. 12

the equipment installed for distortion-measuring pur-
poses is shown in Fig. 11. Since very low orders of dis-
tortion were to be measured, the requirements for the
receiver were quite severe, and one was built for the
special purpose. It was arranged to operate either a
General Radio wave analyzer or a General Radio dis-
tortion and noise meter and also was calibrated to in-
dicate percentage modulation. A 12-foot telescoping
vertical antenna was used working against the truck
frame for the ground and terminated in a 10,000 ohm
radio-frequency gain control. This method of gain con-
trol was used to avoid distortion at high signal inputs.
A switch selects either one or two stages of reactance-
coupled radio-frequency amplification designed for flat
response to around 1200 kilocycles. A 6AC7 tube con-
nected as a triode is coupled to a low-Q balanced and
neutralized tank circuit which in turn is coupled to a

ta

.
NORTHEASTe!

push-pull diode detector. The diode load of 250,000
ohms is divided between a fixed resistor and a tapped
attenuator supplying the wave analyzer and a single
audio-frequency amplifier stage. A microammeter in
the diode load circuit serves to indicate the carrier
strength for a fixed radio-frequency gain setting and
further assures that the triode stage is not being over-
loaded. While taking the measurements, the gain of
the receiver was adjusted in each case so as to operate
with a constant current in the linear detector. For this
constant current, the volume indicator in the audio
output was calibrated to indicate percentage modula-
tion. The audio-frequency amplifier stage operates
without a bypass condenser across the cathode re-
sistor and the negative feedback thus present, results
in reduced distortion. The complete equipment was
battery-operated.
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Fig. 13—Frequency response, polyphase experiment at WHO.
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In order to facilitate the measurements, an ultra-
high-frequency transmitter was installed on the truck
and two-way contact was maintained during the course
of the measurements.

The performance of the measuring equipment was
checked by measuring response and distortion of sev-
eral operating broadcast stations as well as a test oscil-
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in response correlating with the phase-difference char-
acteristic of the two phase-shift networks. Since these
response characteristics were all taken at a constant
input level at the transmitter, they show the percen-
tage modulation to be essentially the same in all direc-
tions from the radiating system.

Fig. 16 shows the results of the measurements of the
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lator and the results of these tests are shown in Fig. 12.
Here the distortion figures as measured at the trans-
mitter are compared with the measurements made in
the ficld with the mobile unit. In general, while the
readings made with the field equipment were some-
what pessimistic, the agreement is quite satisfactory.

PERFORMANCE DaATA

Measurements were taken of the frequency re-
sponse and distortion characteristics of the polyphase-
broadcasting system in various directions and at vari-
ous distances from the antenna system. Measuring
points were sclected at distances of 1 to 3 miles from
the antenna system and both in line with the sideband
antenna pairs and along diagonal lines. At each meas-
uring point, a complete test run was made including
audio-frequency-response characteristics and ampli-
tude-distortion measurements for modulating fre-
quencies of 50, 100, 400, 1000, 5000, and 7500 cycles
per second for various percentages of modulation.

The frequency-response characteristics in the eight
directions are shown in Figs. 13 and 14. These response
characteristics all show a slightly rising characteristic
due to the fact that the audio-frequency phase-shift
networks introduce somewhat less loss as the frequency
is increased (Fig. 15). A corrective network placed
ahead of the audio-frequency phase-shift networks
would correct the response to within plus or minus 1}
decibels. Further, these curves show a slight variation
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Fig. 14—Frequency response, polyphase experiment at WHO.

amplitude distortion. For each percentage of modula-
tion, the root-sum-square amplitude-distortion meas-
urements were averaged for the eight directions. The
results of these measurements indicate that high-fidel-
ity performance can be obtained with polyphase broad-

.....

rng.hevc.lnwng o

Fig. 15—Response of delay networks and modulators.

casting. These curves which represent the over-all con-
tributions of the transmitter, tuning clements, and
measuring receiver show performance quite compara-
ble to conventional amplitude-modulation broadcast
transmitting equipment. It is interesting to note that
by adjusting the phase of the radio-frequency excitation



1942

to balanced modulators A4 and B, the distortion
could be reduced to a value below the error in the
measuring equipment for any single modulating fre-
quency from 10 to 10,000 cycles per second. When the
adjustment was such as to give lowest distortion at
the low modulation frequencies, the distortion was
progressively greater at higher modulation frequencies.
By adjusting for minimum distortion at 10,000 cycles
per second, the distortion was high at the low-fre-
quency end. The measurements were taken for a set-
ting which resulted in minimum distortion at a fre-
quency near the middle of the audible range.
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ment. The experience gained in operating equipment
at this power level with an antenna system approxi-
mating that which might be used for a permanent in-
stallation indicates some of the points which could be
modified to advantage in a final installation.

A modification of the monitoring system would be
considered in an actual high-power installation. The
monitoring locations would for a high-power trans-
mitter receive enough signal intensity to permit trans-
mission of the receiver energy back to the control room
by means of a small concentric transmission line. Fur-
ther, it seems desirable to use two monitoring locations,
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Fig. 16—Average root-mean-square distortion measured in eight directions. Polyphase experiment at WHO.

The power input to the sideband antennas was meas-
ured at 100 per cent modulation and found to be some-
what in excess of the theoretical figure, namely, SO per
cent of the carrier power. This difference between the
actual and the theoretical power is almost entirely ac-
counted for by the radio-frequency loss resistance of
the sideband antenna pairs and in the sideband an-
tenna tuning units. The antenna conductors were
3/16-inch phosphor-bronze and due to the fact that the
radiation resistance of a sideband antenna pair is
rather low, the radio-frequency resistance of these con-
ductors becomes of more importance. It was necessary
to provide a total sideband power equal to approxi-
mately 80 per cent of the carrier power in order to pro-
duce 100 per cent modulation. Of the excess 30 per
cent, 17 per cent can be accounted for by the estimated
radio-frequency resistance loss in the sideband an-
tennas, 8 per cent in coupling networks to the side-
band antennas, and the remaining S per cent is proba-
bly due to the fact that the sideband antennas are
somewhat shorter than the main radiator.

CONCLUSIONS

To summarize the test results, it was definitely
shown that the system of polyphase broadcasting is
capable of high-fidelity operation, and the power meas-
urements indicate that the expected gains in tube and
power economy can be realized. During the experi-
mental period, musical programs were broadcast at
different times. Listening tests did not detect any lack
of fidelity of the over-all performance of the equip-

one for each sideband pair. Using two monitoring
locations, the signal from each monitoring location
could be used to operate a modulation monitor to ob-
serve the action of both sideband pairs simultaneously.

The sideband antenna pairs used for this experi-
mental work had a Q of about 50. This was reduced
slightly during the work by widening the spacing. The
resistance of a sideband antenna pair was 73 ohms at
1000 kilocycles and the resistance had dropped to
about 31 ohms at 1010 kilocycles. This made matching
impossible at all sideband frequencies. This mismatch
lowered the éfficiency of the coupling units to the side-
band antenna pairs at the higher modulation fre-
quencies and made it impossible to maintain correct
phase relation of the suppressed carrier of the sideband
currents to the carrier current for all sideband fre-
quencies. The above difficulties can be minimized by
using a slightly wider spacing for the sideband antenna
pairs and by using separate tower sideband antennas
or otherwise reducing their loss resistance and de-
creasing their characteristic impedance by increasing
their cross section. From results obtained from the two
spacings used for the sideband pairs, and from ap-
proximate mathematical calculations, a spacing up to
30 electrical degrees and the use of a cage or tower con-
struction for each clement of the sideband pairs would
make it possible to maintain a low value of amplitude
distortion at all modulating frequencies.

An improved design of the audio-frequency phase-
shift networks has been completed which would result
in maintaining the phase difference within 3 degrees of




the 90-degree value over the range of 20 to 12,000
cycles per second. The use of this network with proper
cqualization to compensate for the slightly higher at-
tenuation of the low audio frequencies would result in
a further improvement in performance. Several other
refinements dealing with the performance and effi-
ciency of individual units have been given preliminary
test in the laboratory and can be applied with no

change in the general system here described.
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Short-Wave Spread Bands in Automobile and
' Home Receivers®
DUDLEY E. FOSTERY, MEMBER, L.R.E., AND GARRARD MOUNTJOY?, MEMBER, LR.E.

Summary—The use of spread bands in both automobile and home
recesvers has tncreased greatly of late. This paper discusses the pain
and selectivily characteristics of simple signal-frequency circuits hay-
ing good performance when used with a sforl antenna. Oscillator cir-
cuils employing few swilching elements are considered also. It s
pointed out that in the majority of designs continuous tuning of the
oscillator circuit only is required.

HE inclusion of short-wave bands in home re-

ceivers has been common for years, and has re-

cently extended to automobiles. The increase‘in
power of domestic and foreign stations, the increase in
program schedules, and the war situation have created
more possibilities and greater interest in having short-
wave reception in automobiles. Information has re-
cently been published on the quality of the service, in
respect to field strengths, noise, fading, etc., over the
country,! but it seems likely that at least several
manufacturers will supply receivers, from which field
experience will be accumulated. It is the object of this
paper to describe spread-band circuits useful in auto.-
mobile receivers, in which they are required in order
to have sufficient ease of tuning. They will be useful in
home receivers also, where their inclusion is desirable
although not essential.

The bands usually of interest are

Band Band Extent
megacycles kilocycles
6.0~ 6.2 200
9.5- 9.7 200
11.7-11.9 200
15.1-15.35 250
17.7-18.00 300

There are also a few stations assigned 7.2 to 7.3 mega-
cycles, which range may be added if desired.
These bands are only 20 per cent of the width of the

* Decimal classification: R361. Original manuscript received by
the Institute, August 28, 1941. Presented, Summer Convention,
Detroit, Michigan, June 23, 1941.

t Formerly, RCA License Laboratory, New York, N. Y.; now,
Rogers-Majestic (1941), Ltd., Toronto, Ont., Canada.

RCA License Laboratory, New York, N, Y. .
. ! J. H. Little and F. X. Rettenmeyer, “A five-band receiver for
automobile service,” Proc. I.R.E., vol. 29, pp. 151-166; April, 1941,
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standard broadcast band so that a selector system in
which each short-wave band is spread over the entire
dial scale becomes easier to tune than the standard
broadcast range.

PRESELECTOR CIRCUITS

Since the extent of cach short-wave band is small
compared with the center frequency, it is rarely worth
while to provide continuous tuning for the signal-fre-
quency circuits. Each such circuijt may then be fixedly
adjusted to the center of the respective bands and the
entire station selection within the band be accom-
plished by tuning of the oscillator only,

A preselector circuit for use on short-wave bands of
automobile receivers should possess certain character-
istics; namely, 1. discrimination against spark noise,
2. reasonable gain when used with a low-capacitance
antenna, 3. freedom from microphonism, and 4. free-
dom from the effect of slight changes in antenna ca-
pacitance (since some antennas are variable in length)
on the oscillator frequency or on preselector gain,

Ca
o
L[ I

Fig. 1—Antenna input circuit utilizing one tuned circuit.

The same requirements, except for spark noise, also
apply to household reccivers, Since, in general, the
automobile requirements are the more stringent, an-
tenna constants typical of that service have been
chosen for illustration. Suitable modification of circuit
constants may be made readily when the circuits
described are used on home receivers.

One type of preselector which fulfills these require-
ments to an appreciable extent is shown in Fig. 1,
Where Ca = capacitance of that portion of the antenna

exposed to signal pickup

May, 1932
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C. = capacitance of lead-in and associated com-
ponents
L =resonating inductor
C,=input capacitance of the 1st tube and any
desired added capacitance in shunt there-
with
¢.= induced voltage in the antenna, and
Q =figure of merit for entire circuit,
the gain at resonance for this system may be readily
derived as
_ CEQ
Cu + CL + Cg

The effective circuit Q will be influenced to a large

extent by the damping of the lead-in and antenna re-
sistance. If the inductor L is made large and C, cor-
respondingly made small the effects of lead-in and an-
tenna damping will be minimized, since their combined
reactance is thus made small compared to the re-
actance of the inductor and C,. A high figure of merit
may readily be obtained for L and C,, and the over-all
circuit Q may thus be increased.
+ By this same procedure of increasing L, the relative
importance of changes in antenna capacitance value
are minimized and detuning from resonance with at-
tending loss in preselector gain and interlock (detun-
ing) of the oscillator circuit are reduced. While in many
applications C, may be expected not to vary, there are
other installations in which antenna length is made
adjustable by the user.

The gain at center frequency of (1) becomes

go = 03@

8o (1)

when
C, = 25micromicrofarads

C. = 35 micromicrofarads

C, = 25 micromicrofarads.

This will be true for all bands. A plot of gain (cal-
culated) versus frequency is shown in Fig. 2 for three
choices of circuit Q, namely, 100, 50, and 25. Response
throughout each band is indicated.

When two tuned coupled circuits are used, a higher
and more constant-gain-versus frequency response is
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Fig. 2—Single-circuit selectivity for the four principal short-wave
broadcast bands. Three values of Q.
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obtained since the additional circuit may be made one
of lower capacitance and high Q. The switching ar-
rangement need not be more complicated than that
for the single-tuned circuit. One system is shown in

Ca
r_.|
Ca

-

Fig. 3—Antenna input circuit gonsisting of two coupled tuned
circuits.

Fig. 3. In this the gain at center frequency is
Cu\/Qle X S

VCi(Cat CLHCr) 1T+8°

where the symbols and their arbitrarily assigned values

are

C,=internal capacitance of the antenna, 25 micro-
microfarads

C.=lead-in capacitance, 35 micromicrofarads

C, = 10 micromicrofarads

C,=25 micromicrofarads

L, resonates with Ci+Cr+Ca at center frequency

L, resonates with C; at center frequency

S=ratio of coupling used to optimum coupling

where optimum coupling is

Voo e
0.0:

Q1 =effective figure of merit of all primary components

Q. =effective figure of merit of all secondary compo-
nents.

Attenuation for frequencies very near center frequency

is
go Qle(k—uk)’
1

go = (2

1@ + 010
1452

P 1452

3

where .
frequency considered

center frequency

A plot of gain versus frequency is shown in Fig. 4 for

the case of
Q1 = Q2 = 100.

Several magnitudes of coupling are considered, namely,
S=1 (optimum), S= /3, and S=2.5. The increase in
performance over that indicated in Fig. 2 is quite
marked. The degree of coupling may be chosen for
each band to give the best average gain.

Another plot is shown in Fig. 5 for lower values of
0\, where

Ql = 25

Qz = 150.




224

Again values of coupling of S=1 (optimum), S=/3,
and §=2.5 are taken. These results may be compared
to those of Fig. 2(c) for the case of the single tuned
circuit with Q of 25. Approximately twice the gain of
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Fig. 4—Coupled-circuit selectivity for the four principal short-wave
broadcast bands. Three degrees of coupling,

the single tuned circuit is obtained by two circuits
coupled at S=+/3, and Q1=25 in both cases.

The use of two resonant circuits greatly reduces any
interlocking effect between antenna and oscillator for
changes in antenna capacitance. Elimination of inter-
lock is particularly important when an antenna of
variable length is used.
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Fig. 5—Coupled-circuit selectivity for the four principal short-wave
broadcast bands. Three degrees of couplihg.

RADIO-FREQUENCY STAGE

In the case of a tuned impedance-coupled radio-
frequency stage, as shown in Fig. 6, the gain may be
expressed for center frequency as

gn Q

8o = —

wC

where C=total capacitance
Q=ceffective circuit Q, all damping cffects con-
sidered.

Any usually desired gain may be obtained with this
type of circuit. For example at 6.1 megacycles a gain
of 33 may be realized with a g, of 2000 umhos, C of
40 micromicrofarads, and Q of 25. This gain should
satisfy most design requirements. Similar gains may
be had at the higher-frequency bands by increasing Q.
Selectivity will be the same, near center frequency, as
that shown in Fig. 2 for the single antenna circuit.
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Gain and band coverage may be controlled by circuit
damping. The radio-frequency stage is instrumental in
isolating the antenna from the oscillator circuit with
resulting elimination of interlock. If a radio-frequency
stage is used, the antenna circuit may be of the single-
tuned type unless the extra gain obtainable from the
two-resonant-circuit system is desired.

There seems to be no advantage from the standpoint
of gain in using two tuned circuits in the radio-fre-
quency stage since good gain may be obtained with
the single circuit,

When no radio-frequency stage is used the choice of
a preselector circuit becomes increasingly important.

The double-tuned circuit, in addition to reducing
interlock between oscillator and antenna circuit, will

>

Fig. 6—Radio-frequency stage with single tuned output circuit.

maintain a higher gain for changes in antenna capaci-
tance than will the single-circuit type of preselector.

When changes in antenna capacitance are expected,
the degree of coupling between the two tuned circuits
may be made large. Not much loss in average gain
throughout the band will result and the improvement
in performance over the single-tuned circuit for, say,
a 50 per cent change in antenna capacitance, is large.

In the 15-megacycle band, this assumed antenna
capacitance change would shift the single-resonant
circuit of Fig. 1 an amount corresponding to the inter-
mediate frequency, 450 kilocycles, approximately. If
the oscillator frequency were higher than the signal,
the interlock would be maximum. .

In the case of the two-resonant-circuit system, the
frequency shift of the tuned grid circuit produced by
the 10-micromicrofarad change in antenna capacitance
is relatively small. Detuning of the grid circuit will be
a maximum when the change in antenna capacitance
produces a series-tuned reactance in the first tuned
circuit equal to the series-resistive component of the
first circuit. For a system where the coupling factor S
is less than 3, the grid-circuit resonant frequency will
not be shifted in either direction by a frequency incre-
ment in the antenna branch as large as the inter-
mediate frequency. Thus the worst condition of inter-
lock, i.e., converter grid-tuned frequency equal to the

oscillator frequency, may be prevented by the use of
the two-circuit system.

OSCILLATOR TuUNING

From the idealistic viewpoint, it is desirable to use
the full dial scale for cach spread band. This can be
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done providing oscillator frequency drift is substan-
tially eliminated. As the bands are narrow and the
oscillator frequency is high, it may be difficult and
costly to restrict frequency drift to a sufficiently low
level to enable accurate calibration and complete
spreading of the band.

Some convenience and economy may result in pro-
viding a tuning range greater than the bandwidth, so
that all stations will still be received in spite of a
moderate amount of oscillator drift.

There are numerous oscillator-tuning systems which
may be considered for use. Several of these methods
are discussed herein.

If the receiver is designed with capacitance tuning in
the broadcast band, a somewhat expensive but good
method would be to include a separate small oscillator
section in the gang condenser of one stator and one

LEAD IN

AV.C.

k2
Fig. 7—Antenna circuit (single tuned stage).

rotor plate. A possible simplification might be made
by the use of one stator plate adjacent to the outside
rotor plate of the broadcast-oscillator section. One of
the chief advantages of this method of tuning is the
even distribution of stations over the dial.

The use of a padding capacitor in series with the
broadcast-tuning section will provide the necessary
restricted tuning range, but will result in some station
crowding at the high-frequency end of the dial. The
amount of crowding may not prove too detrimental
since separation between channels on the dial will still
be appreciable.

If the receiver is designed with inductance tuning
in the broadcast band, an extra oscillator-tuning in-
ductor of small inductance value and small percentage
change may be used in conjunction with the main
tuning mechanism and tuning knob. This tuning in-
ductor will then be used in shunt with the oscillator
circuits for each spread band.

The spread bands vary in percentage change in fre-
quency. For example the lower band, 6.0 to 6.2 mega-
cycles, undergoes a change of approximately 3 per cent
in oscillator frequency, while the 15.1- to 15.35-mega-
cycle band varies only 1.6 per cent.

If these bands are tuned by the same variable re-
active element, one will occupy more dial space than
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the other. If it is desired to equalize the band spreading
more nearly in relation to the dial coverage, several
means suggest themselves.

For example, reactances may be put in series with
the tuning element to control the dial coverage of each
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Fig. 8—Antenna circuit (two coupled circuits).

band; again, the total fixed circuit capacitance may
be different for each band to provide similar dial
travels.

AppPLIED CIRCUITS

Circuit requirements vary for each design problem,
and any recommendation of specific circuits, complete
with tuning and band-switching means, is of course
outside the scope of this paper. Figs. 7 to 11, inclusive,

RF STAGE

AYe
Fig. 9—Radio-frequency stage.
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are offered as a suggestion of five out of an infinite
possibility of combinations.

Figs. 7 and 8 show antenna networks of one and two
resonant circuits per spread band, respectively. Either
of the switching arrangements shown permits the use

&.C osc.

TRANS,
BROADCAST OSC
TUNING SECTION

(EVTHER CAPACITANCE
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aR INDUCTANCE)

Fig. 10—Oscillator circuit with band-spread tuning element.

of any broadcast-band preselector circuit such as the
one shown, or for example one using a primary coupled
to the grid tuning inductor. Spread-band resonating
inductors are indicated as the adjustable elements
since this makes for a compact design. Trimming
capacitors may be used instead, if desired, with an
increased space requirement.

A suggested radio-frequency-stage circuit is shown
in Fig. 9. It is one which requires only one switching
section. The use of the radio-frequency choke L, and
primary capacitor C, may not be found necessary or
desirable. If not, this system is one requiring very few
components.

Fig. 10 shows an oscillator circuit using a band-
spread tuning element (either capacitance or induct-
ance to work in conjunction with the type of broadcast
tuning used). More or less spread may be obtained on
each band by the choice of oscillator transformer and
associated resonating capacitance C;. Equalization of
band spread for all bands may be accomplished by the
use of capacitors across the trimming inductors L,, L,,
Ly, and L, for applications wherein this extra cost
would be warranted.

Fig. 11 shows an oscillator circuit similar to Fig. 10
except for the use of a padding capacitor in series with
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the variable tuning capacitor. Performance of this cir-
cuit is quite similar to that of Fig. 10.

INDUCTANCE TUNING FOR SPREAD BANDS

Variable-inductance tuning, where indicated for
spread-band service, may be accomplished by any of
several methods, one of which is the movable-copper-
core method. The small changes in inductance required
to cover the spread bands may be accomplished with-
out introduction of appreciable damping. In general,
the losses introduced by a copper core are relatively
less at high frequencies (15 megacycles) than at the
lower frequencies (6 megacycles). Fortunately, the se-
lectivity requirements are least in the 6-megacycle
band since a greater percentage of frequency coverage
relative to center frequency is necessary there. Damp-
ing effects due to the copper core will result in less than

TUNMING  ConD.,
(Cor PLare)

|

SHORTWAVE {]
PaDDER

4
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a5C. 7RANS L+

Fig. 11—Oscillator circuit with band-spread padding capacitor.

10 per cent loss in Q for any of the band-spread cases

discussed herein.

CONCLUSIONS

Preselector circuits have been discussed which will
meet the requirements of good receiver sensitivity and
provide sufficiently uniform gain throughout each
spread band. The systems indicated are only a few of
many possible circuits, but the calculated results may
be useful as a check of the performance of these or any
other systems tried. The descriptions have been



confined to fixed tuned preselectors as it is felt that ade-
quate performance may be obtained without the use
of variable preselector tuning. However, there may be
applications where variable preselector tuning is de-
sirable.

When the receiver is used in conjunction with an
antenna of adjustable length and consequent variable
capacitance, the use of a radio-frequency stage to pre-
vent interlock between oscillator and preselector is
advantageous. When no radio-frequency stage is used,

the incorporation of a two-resonant-circuit preselector
has the advantage of freedom from interlock in addi-
tion to increased antenna gain over the single-resonant
antenna-circuit type.

Oscillator circuits are discussed and examples of
band-selecting systems are shown.

While the subject of spread bands is treated herein
for automobile receivers specifically, it is felt that other
applications of spread-band tuning have as much or
more utility.

Horizontal-Polar-Pattern Tracer for Directional
Broadcast Antennas’
F. ALTON EVERESTT,.ASSOCIATE, L.R.E., AND WILSON S. PRITCHETT{, STUDENT, LR.E.

Summary— Making space-pattern calculations for the 3-element
array is very much more difficull than for the more common 2-element
array. Many problems of broadcast coverage or interference have their
solution only in the nonsymmetrical palterns of 3-element direc-
tional antennas. This paper includes the derivation of the equations for
the relative field strength in @ horizontal plane of such an array. A
mechanical tracer is described which automatically plots the horizontal
patlern for 2- or 3-element arrays once the adjustments of tower
configuration and current magnitudes and phasings are made. Patlerns
traced by this machine are s to have an accuracy usually within
the width of the line of the recording pen. Its simplicity and rapidity
of operation adapt-it particularly lo preliminary exploration to find a
patiern which meets certain coverage or inlerference problems.

I. INTRODUCTION

HE USE of directional antennas by radio broad-
Tcasting stations is increasing rapidly. “By Sep-

tember of 1940, there were 116 directional an-
tennas in use by United States stations in the standard
broadcast band, and this figure probably approximates
140 as of the end of the year. At least 50 additional
directional antennas will be required under the terms
of the Havana Treaty of December, 1937. The ma-
jority of these directional antennas are employed at
regional stations and are designed so that the station’s
nighttime power can be increased from 1000 to 5000
watts without increasing the interference to other
stations operating on the same frequency. However, at
least 11 transmitters of 50,000 watts are now using di-
rectional antennas. It is interesting to note that many
of these antennas involve elaborate systems utilizing
three or four radiating elements and that vertical as
well as horizontal directivity is considered.’’!

This definite trend toward more complicated radiat-
ing systems cannot be denied, nor can the increased
labor for the engineer called upon to design such a
system. The calculations involved in the simple

* Decimal classification: R125, Original manuscript received
by the Institute, September 3, 1941, Presented, Pacific Coast Con-
vention, Seattle, Washington, August 2, 1941,

t United States Radio and Sound Laboratory, San Diego, Cali-
fornia, on leave from Oregon State College.

t Oregon State College, Corvallis, Oregon.

1 “Radio progress during 1940, Part II—radio transmitters and

tlr934nlsmitting antennas,” Proc. 1.R.E., vol. 29, pp. 94-95; March,

May, 1942
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2-element array are quite elementary and no small de-
gree of assistance is obtained from the directive dia-
grams which have been published.? In going from a 2-
to a 3-element array, however, the minimum number of
variables required to describe the horizontal direc-
tivity increases from three to seven. As a result, the
mathematical statements become unwieldly and their
solution quite laborious. It is felt that a mechanical
calculator and pattern tracer such as described in this
paper or a large collection of 3-element patterns de-
rived therefrom will be very valuable to the antenna
designer.
I1. DERIVATION OF EQUATION

At any point P on a horizontal plane passing
through the base of a vertical tower antenna, the field
strength is directly proportional to the current in the
antenna. With an array of identical towers, the field

strength is the vector sum of the contributions from
P

REFERENCE
TOWER

Fig. 1—Geometry and nomenclature for the 3-element array.

each of the individual elements. These voltage vectors
have lengths proportional to the currents in their re-
spective elements and angular relationships deter-
mined by the relative phasings of the currents in the
elements and the difference in path length.

2 R, M. Foster, “Directive diagrams of antenna arrays,” Bell
Sys. Tech. Jour., vol. 5, pp. 292-307; April, 1926.
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Assume that point P is at a distance from the array
great compared to the element dimensions so that
signals from cach of the three towers of Fig. 1 to point
P will follow cssentially parallel paths. Let us con-
sider only the directive characteristics of the array,
i.c., neglect all propagation effects. Referring to Fig. 1,
let us investigate the voltage reccived at point P from
the individual elements. Let the current in tower 2
lead the current in tower 1 by the angle ¢, and the
current in tower 3 lead the current in tower 1 by the
angle ¢, then the relative signal e; from tower 2 will
make the angle S, cos 8+4¢; with reference to the vector
e.|a;, (note that e, alone is not a vector) and the sig-
nal ¢; from tower 3 will make an angle S; cos (8 —8) +¢s
with reference to the vector ¢, @), Summarized,

E, = relative signal from tower 1 at point P = ¢, | ay
E,
E,

relative signal from tower 2 at point P = e;| ay (1)

relative signal from tower 3 at point P = ¢; | a3

where
ay = 0 degrees

az = (S; cos 6) + ¢, degrees
Ss cos (6 — B) + ¢,, degrees.

agy

g & dﬁ

e/&/

Fig. 2—Method of adding the contributions from the 3 array
elements upon which the instrument described is based.

The vector diagram of Fig. 2 illustrates the relation-
ship of these three vectors in a manner which will be
useful later. The current ratio I,/I, determines the
length of E;and I;/I; determines the length of E;. As
the point of observation P is moved around the array,
changes take place in the angles a; and a;. Vector E,
will oscillate between the limits E,’ and E,”’ the ex-
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Fig. 3—Movements of vectors E; and E, as the horizontal angle is
varied. This figure suggests the possibility of a calculator based
upon the combination of phase-modulated waves.

tent of this oscillation being determined by the spac-
ing S: as illustrated in Fig. 3. The mean point about
which E, oscillates is determined by the current phas-
ing ¢2. In a similar manner E; oscillates as P sweeps
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around the array, the extremities of the oscillation be-
ing determined by Sy and the mean point by ¢;. The
vectors E; and E, will cach complete a cycele as the ob-
servation point £ moves once around the array (i.e.,
0 describes 360 degrees). The resultant signal received
at point P is always proportional to the length of the
line connecting the end of E; with the end of E;. A polar
plot of this resultant against the angle 8 yiclds the
familiar directivity diagram for a given set of condi-
tions of current ratios, phasings, and spacings.

An algebraic solution for the resultant signal re-
ceived at point P may be obtained by expressing the
three vectors of (1) in the rectangular form preparing
them for addition.

E.=e..+j0
Ey=¢; cos [(S: cos 6) +¢2 )+ jes sin [(S, cos 6)+¢:|
Es=e; cos | [Ss cos (0—B8) |+¢s)

+jes sin { [Ss cos (0—8) | +¢s).

The resultant voltage E, becomes

(2)

Ei= Ei+ E; + E, (3
A = E,(real part) = e, + e, cos [(S.cos ) + é:]

+ €3 cos : [S: cos (6 — ﬂ)] ot ¢a} (3a)
B = E,(imaginary part) = je, sin [(S; cos8) + é:1]

+ jes sin : [S3 cos (6 — 8)] + ¢a}- (3b)

The resultant signal at point P due to contributions
of 3 elements is P
e =1\'A*+4 B2, (4)
The instrument to be described gives a true solution of
(4), which is the conventional form for computation.
The principle of operation, however, is more clearly
seen in (1).
III. THE INSTRUMENT
Referring to (1), it is apparent that an instrument
which includes two rotatable vector arms of adjustable
length and one fixed arm of constant length, after the
fashion of Fig. 3, can solve (4). A mechanism such as
shown in Fig. 4 can evaluate the product (S cos 8). The

ADJUSTABLE CAM

o
|

— X
Fig. 4—Sketch showing the basic operating principle of the arra
calculator. With a fixed vector this congstFi)tutespa simple 2-ele}:
ment calculator.
§Iiding plate moves freely in slotted guides under the
influence of the disk rotating with the horizontal angle
0. The adjustable cam transfers the longitudinal com-
ponent-of motion to the sliding plate and thence to
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the string-pulley system which rotates the vector E.
The distance from the center of the 6 disk to the center
of the cam is proportional to S, the spacing between
the tower in question and the reference tower. The
longitudinal component of motion is then (S cos ).
The phasing angle ¢ is constant and may be introduced
simply by loosening the string and rotating E plus or
minus ¢ degrees, as the case may be, without moving
any of the rest of the mechanism. For the extreme case
of S=0, the tower in question would coincide with the
reference tower and the center of the cam would be
directly over the center of the 6 disk causing the
vector E to remain motionless. This would give a re-
sultant of constant length and hence a circular pat-
tern. In reality then, we see that the structure of Fig.
4 is basically a 2-element calculator if a constant refer-
ence vector and some means of measuring the resultant
are provided.

Fig. 5 shows a photograph of the tracer designed for
any number of array elements up to and including
3. Two complete mechanisms such as shown in Fig.
4 are included, one above the other. Disks 2 and 3 are
clamped so that they rotate together, although an
angle 8 may be inserted between them. The top disk

DISK NO. 2 —\ VECTOR Ez
SLIDING PLATE \' / VECTOR E

CAM —— A

Fig. 5—Top view of pattern tracer.

drives a sliding plate which causes vector E; to move
through the angle ;. The lower disk drives vector E;
through angle as. The reference vector E, is fixed both
in position and length and it is incorporated in this
instrument as the offset distance between the centers
of vectors E, and E;. This has been arbitrarily selected
as 2 inches in this instrument. The resultant of the
three vectors is obtained by means of a thread run-
ning through highly polished 0.04-inch holes connect-
ing, in effect, the ends of vectors E; and E;. The length
of this resultant is then used to drive the recording pen
against a restoring spring. A 2-inch change in length
of the resultant causes a 1-inch movement of the
recording pen due to the 2:1 reduction caused by the
recorder pulley.

Fig. 6 shows in detail the lower driving disk (disk 3)
and the fact that it is identical to disk 2 and rotates
with it although the constant angle 8 may be intro-
duced. The lengths of vectors E, and E; are determined
solely by the current ratios. The manner of adjusting
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the length of vectors and the manner in which the
thread measures the resultant are shown in Figs. 7 and

DISK NO.3

Fig. 6—Bottom view of pattern tracer.

8. The angles representing phasing and spacing are
read on the protractors shown in Fig. 7, although the

Fig. 7—Vector arms E; and E, with their associated protractors.

spacing adjustment is actually made by regulating the
distance between the cam and the disk center.

Fig. 9 gives the necessary information for the trac-
ing of a horizontal directivity pattern. Using it for an
example, the steps in operating the calculator will be
enumerated briefly:

1. Set current ratios by adjusting length of vector

arms E, and E,.

Fig. 8—Vector arms removed from their frame to show the method
of adjusting their length (current ratio) and of measuring the
resultant with a thread. The string shown is much larger than
the thread actually used in order to render it visible in the
photograph.

2. Set vectors E; and E;on zero degrees which places
all vectors in line with E, and causes the resultant
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to have maximum length. Set the recording pen
to be 14-0.74-0.5=2.2 units from the center of
the paper.

3. Set both driving dials on zero degrees and intro-
duce the angle by rotating only the top disk (disk
2), then lock disks 2 and 3 together by means of
the lock ring.

o pzlso'\\~ ¢, -60°
~ N ¢, = +i20°

/29\

rd
o
L L]
(o] o
[1) ~

a*/so. \
S 05— @

Fig. 9—The specifications of a 3-element array whose horizontal
pattern is shown in Fig. 10,

4. First set dial 2 (top dial) on 90 degrees and
restore vector E, to zero manually. Next rotate
dial 2 to zero degrees, and adjust cam until vec-
tor E, reads +95 degrees which is the spacing S..

5. Rest dial 2 to 90 degrees which brings vector
E; back to zero. Set vector E, on —60 degrees
manually which introduces the phasing ¢,. *

6. Repeat operations 4 and 5 for the lower dial
(dial 3) and vector E;. This introduces S; and ¢s.

7. One rotation of the dials traces a pattern such as
shown in Fig. 10.

90°*

fam)
1

270°

Fig. 10—Horizontal polar pattern of the array of Fig. 9
traced on the instrument described.

Actually introducing the seven basic adjustments
on the machine is little more time-consuming than
reading the above list of operations to one familiar
with the instrument. This pattern shows the relative
directivity of the array.

To check the accuracy with which the machine
traces the patterns, calculations were made for several
directional antenna systems. Fig. 11 shows a compari-
son between the calculated points and the pattern
traced directly by the machine for a 2-element array
spaced 135 degrees, phased 50 degrees, and having a
current ratio of 0.7. The agreement is seen to be very

satisfactory. The errors are largely a function of the
type of pattern being traced. The errors in the 3-ele-
ment pattern of Fig. 12 are seen to be somewhat
greater, due to the greater stresses set up for this par-
ticularly combination of vectors.

90°

180°— ‘ 0°*

® -CALCULATED POINTS

270°
Fig. 11—Pattern traced for a 2-element array having the following
characteristics: phasing 50 degrees, spacing 135 degrees, current
ratio 0.7. Calculated points are shown for comparison.

The major sources of error can be traced to elastic-
ity in the driving cables and the resultant-measuring
thread. Freedom of movement of the sliding plate in
its guides will contribute little to the over-all error,
but any looseness between the cam and the driving
slot is quite serious. Careful machine work on the
plate and cam assembly has rendered these errors
negligible in this instrument. The thread used for
measuring the resultant should have a very high

90°
180° 0o
@ -CALCULATED
POINTS
270°

Fig. 12—Pattern traced for a 3-element array having the following
characteristics: S;=100 degrees, S; =100 degrees, ¢3= —50 de-
grees, ¢3=100 degrees, 8=100 degrees, Is=Iy=1I,=1.0. Cal-
culated points are shown for comparison.

modulus of elasticity to minimize error, but on the

f)ther hand it must be sufficiently flexible to turn on
its own radius. The recording pen must be free to fol-

low small vertical irregularities of the rotating table
and yet it must not tip.

Fig. 13, which was traced exactly as illustrated in

just a few minutes, shows how the variation of a

s!ngle parameter will affect the operation of a direc-
tional antenna. The array of Fig. 11 is the case for
135-degree spacing. Fig. 14 shows the effect of
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variation of the phasing of element 2 from 420 to —70
degrees for the array of Fig. 9. The use of this tracer in
exploring the variety of horizontal patterns available
from an array of given physical dimensions is illus-
trated in Fig. 15. Investigation of the operation of an
array at frequencies other than that for which it was
designed is another obvious use of this instrument.

SPACING = O°

SPACING = 360°

Fig. 13—Composite figure showing the 2-element array of Fig. 11
with spacing varied from 0 to 360 degrees in 90-degree steps.

The calculator as described is based on the premise
of 2 or 3 elements of identical heights. Realizing the
fact that any change in height changing the .hori-
zontal signal can be compensated by readjusting the
current ratios, patterns for arrays having towers of
unequal height can be drawn. For instance, if tower
1 has a horizontal figure of merit of 200 millivolts per
meter at 1 mile for a given power input and the towers
2 and 3 each have a horizontal figure of merit of only
100, this decreased effectiveness of towers 2 and 3 can
be simulated by putting only half the normal current
in them. Changes in vertical directivity, which are not
considered in this paper, will occur, but those experi-
enced with antennas can estimate the degree of change
quite closely.

While basically, this instrument is designed for
tracing 3-element patterns, it can be used with full
effectiveness for 2-element antennas by the expedicnt
of reducing the length of vector E; to zero, i.c., reduce
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its current to zero. Only three variables exist for this
case, therefore the operation is much simpler.

IV. CONCLUSIONS

While precision results are not claimed for the ma-
chine which has been constructed and described, there
is apparently no reason why a precision machine could
not be built on the general principles outlined.

The advantage of this calculator appears to be two-
fold: (1) exploration for a suitable pattern to meet
given interference and coverage problems, and (2) in-
vestigating a given array to determine the effect of
varying any parameter.
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A Mechanical Calculator for Directional

Antenna

Patterns’

WILLIAM G. HUTTON{ ASSOCIATE, I.R.E., AND R. MORRIS PIERCET, ASSOCIATE, LR.E.

Summary—In the design of a directional array the engineer is
confronted with the solution of a problem thal is laborious because of
the many parameters to be considered. The variables that enter the
problem are spacing, phasing, radiated field, and orientation for each
antenna involved. In particular, for an array of 3 elements there are 9
parameters when one of the elements is considered to be at the origin.
This paper describes a mechanical calculator that eliminates a major
part of the tedious work involved in the calculation of the horizontal
pattern of a 2-or 3-element array. The calculator is of equal use in the
determination of the vertical patterns when the antenna heights are
equal. An analysis is made to show that the results given by the calcu-
lator are solutions to the standard equation. The accuracy of the resulls
are also considered.

INTRODUCTION

HE computation of the field pattern for any
Tgiven combination of antennas in an array is a

straightforward but lengthy process. Because of
the number of independent parameters that must be
selected by the designer, the optimum condition is
difficult to obtain. For example, in a 3-element array
there are 9 variables to consider in order to fix the
shape of the associated pattern.

The design procedure for a directional antenna array
usually involves the calculation of several trial patterns
before the desired pattern is obtained. A fairly com-
plete representative list of patterns for 2-element ar-
rays has been published,!? and those patterns serve the
purpose of pointing out a good starting place for the
solution of a design problem where 2 antennas only
are required. When 3 antennas are required to give the
desired protection a much greater amount of work is
necessary to calculate a pattern and more trial patterns’
are normally made in the hunt for the desired pattern.

Three-element symmetrical antenna arrays offer a
much greater choice of arrangements than 2 an-
tennas but as yet published patterns for them have not
been systematized. The work associated with 3-ele-
ment nonsymmetrical arrays is even more laborious
than for 3 antennas in a straight line and in addition
there is a much wider scope of possible configurations.
A little investigation will show that many thousands of
patterns would be necessary to give a good representa-
tion of the possible 3-element patterns, having com-
plete nulls, for spacings up to 1 wavelength, in steps of
45-degree spacing, 45-degree phasing, and 45-degrec
orientation with current ratios selected to give the
complecte nulls.

It becomes evident after computing a few 3-clement

* Decimal classification: R325. Original manuscript received by
the Institute, September 15, 1941. Presented, Summer Convention,
Detroit, Michigan, June 24, 1941,

t Station WGAR, Hotel Statler, Cleveland, Ohio.

1 G. C. Southworth, “Certain factors affecting the gain of direc-
ﬁi;r;oantennas," Proc. I.R.E., vol. 18, pp. 1502-1536; September,

1 A, James Ebel, Electronics, vol. 9, pp. 29-30; April. 1936.
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nonsymmetrical patterns that some aid to facilitate
and to speed up the computations is almost vital to
good design progress. Such an aid would not only be
helpful in finding a pattern near the desired shape but
would be most appreciated in exploring that near
neighborhood for the pattern that would exactly meet
the protection requirements.

This paper describes a 3-element, mechanical, direc-
tional-antenna-pattern calculator to be used when all
the factors are known that completely determine the
pattern. The device may be defined as a machine that
can be adjusted for any or all the factors that deter-
mine the pattern and which, on operation, will auto-
matically rotate the vectors, which represent the rela-
tive antenna fields, in such a way with respect to each
other that the resultant vector field may be read di-
rectly for any direction from the antenna array. The
mathematics used in the following analysis conforms
with the Federal Communication Commission’s
“Standards of Good Engineering Practice” in regard to
positive direction of measurement for angles 8 and ¢.
That is to say, the horizontal direction variable ¢ is
measured clockwise for positive direction, and the ele-
vation angle 6 is measured from horizontal (0) to
vertical (90 degrees).

CALCULATION OF HORIZONTAL PATTERNS

A brief review as to the theory of directional arrays
follows. Fig. 1 is a plan view of a 3-element antenna

b———— = —e--+E,
} _ >
pe Go= f?‘d” »

X

Wop g costt 0 -

Fig. 1—Plan view of 3-element array.

array and the following discussion applies to the hori-
zontal pattern. The point O serves as reference point
or the origin and ¢ =0 degrees is considcred reference
direction. We assume the observer to be at point P in
the direction ¢ degrees with respect to reference direc-
tion, and to be sufficiently far removed from the array
that, for all practical purposes, lines drawn from the
different antennas to the point P are parallel. Antenna
A, is located at the origin O. Antenna A, is located at
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a distance of S, degrees from 4, and at an angle of ¢,
degrees from the reference direction, while antenna A;
is located a distance S, degrees from A, in the direction
¢3 degrees. The current in antenna A, is assumed to
lead the current in 4, by y, degrees and the current in
A s leads the current in 4, by ¥3 degrees.

It will be seen from Fig. 1 that to the observer at the
point P, antenna 4, appears to be closer than antenna
A, by S; cos(¢ps—¢) degrees, thus the signal from an-
tenna A; will arrive at P ahead of that from A, by
that many degrees due to spacing alone. The signal
from A4 leads that from A4, by y, degrees due to time
phasing in addition to its lead due to spacing so that
the net phase relation on arrival at P is a lead of
Ss cos(ps—) +3 degrees. By a similar argument the
signal from antenna A, can be shown to lead that from
A, by S; cos(¢:~)+y. degrees. For simplicity of ex-
pression these angles of lead will be referred to as B
and B,, respectively. Thus,

B2 = S2cos (¢2 — @) + ¢»
Bs = S3cos (3 — @) + ¢s.

(1)

In Fig. 1 the root-mean-square value of fields E,,
E,, and E,; radiated from antennas Ay, A;,and 4, re-
spectively, may be represented by signal vectors Vi,
Vz, and Va.

El = KV], Eg = KVz, E3 = KI';. (2)

K is a constant depending on the root-mean-square
value of the total field radiated by the directional an-
tenna system and the scale used for the vectors such

that
Erms = KVrma- (3)

Vims is the root-mean-square value of the resultant
vector V for the complete directional pattern.

Fig. 2 is a vector diagram showing the relationship
of the signal vectors V,, V,, and V; as well as the re-
sultant vector V. The angle 8 may be thought of as the
phase angle of the resultant vector field at the point P,

Fig. 3 is a vector diagram obtained from Fig. 2 by
resolving the three vectors V), V,, and Vs to com-
ponent form.

From Fig. 3, (4) can be written directly for magni-
tude of V.

V= VVi+TVacos By + Vicos B)? + (Vs sin s 17, sin B3)°.

If we introduce the constant K, (4) becomes (5)
which gives the field intensity.

E = K\ (Vi + Vacos B + V; cos Ba)? + (.ﬁsm_ﬁi—;‘lisi-n?;jz_.

This equation can be recognized as the generally ac-
cepted standard rectangular form for the horizontal
pattern.

The vector diagram in Fig. 2 is, in reality, a picture
showing the manner in which the machine provides for
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the addition of the vectors in actual operation.

With reference to Fig. 2, for fixed magnitudes of V,,
V., and V;, the value of V depends only upon the
values of B, and B;. In other words it might be said
that the description of the operation of the machine

Fig. 2—Signal vector diagram.

reduces to a description of the manner in which the
angles 8, and B3 are caused to change as the machine is
rotated to indicate the various directions in which the
resultant vector V is being determined. It can be seen
that in the expressions for 8; and B; the only variable

1/’,,_5/,’/" (V,$inB,+\/ sins)
(\/I +\, Cos B, + V;€0s B3)

Fig. 3—Component vector diagram.

is ¢ for the particular pattern being determined and
¢ may be spoken of as the direction variable.

Fig. 4 i a schematic diagram for a 2-element ma-
chine and shows the fundamental operating principles
employed in the 3-element machine as well as the 2.
To the right we have the vector assembly, to the left
we have the assembly representing the antennas, and
at the top we have the translatory mechanism which
serves the purpose of transferring the antenna-spacing
relationship at the left to the vector angular relation-
ship at the right.

It might be said that there are two methods by
which the directional pattern from an antenna array
may be determined; one would be to have the observer
move around the array and measure the field as he
moves, the other would be to have the observer remain
at one position and measure the field while the antenna
array is being rotated bodily. The latter method could
be carried out by use of models and is the one made
use of in this machine. Antenna A4, is located at the

4

center of rotation or origin, while the observer is con-
sidered to be in the direction marked 0 degrees, at a

(5)
distant point P. Antenna A: is spaced S, degrees from
A1 but can be rotated about A,

From Fig. 4 it can be seen that as 4, is rotated about
A, the translatory mechanism will move to the left and
right in accordance with a cosine function, and that
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the left and right motion of o

the translatory mechanism O py @ ...... N
will be transferred to the ro- W = |
tation of vector V, by means ® © :q; ) :
of a cable and pulleys. Vec- -T : {}

tor Vi is so related to the fixed
vector Vi that the resultant
vector V may be read at any
position of V; on a scale pro-
vided for that purpose. Let it
suffice to say that scales are
so arranged for the various
adjustments that the pointer
I will indicate the direction in
which the vector field V is be-
ing measured or determined.

Fig. 5 is a schematic dia-
gram of the 3-element pattern
calculator that has been in
operation for some time. The
third antenna Aj; and associ-
ated translatory equipment is
mounted on the back side of
the base plate as indicated by the dotted lines. The
base plate serves the purpose of a frame for the ma-
chine. The vector V; is driven by a shaft that extends
through the base plate from the rear side to the front.
The resultant vector V is measured from the movable
end of Vs to the movable end of V; and a scale is pro-
vided to make that reading possible for any position
of either V3 or V.

There are nine possible adjustments on the machine
to vary the parameters that describe a 3-element an-
tenna array. The parameters are: the signal vector
magnitudes Vi, Vi, and V; and the associated phase
angles ¥» and ¥s, the antenna spacings S: and S; to-

\

A
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"
"
1"
"
!
®

Fig. 5—Schematic diagram for 3-element machine.

gether with the antenna orientation angles ¢, and ¢;.
Since antenna A4, is located at the origin the vector Vi
is assumed to have an angle of 0 degrees and its direc-
tion is called reference direction for measuring phase
angles ¥2 and ¥s.

Three linear scales, in arbitrary units, are provided
for adjusting the 3 signal vector magnitudes to repre-
sent various fields radiated. A protractor scale is pro-
vided for adjusting each of the phase angles ¥, and Vs.

A linear scale, calibrated in degrees, is provided for
adjusting the spacing between 4, and 4. and another
for the spacing between A; and Aj;. One protractor,
scaled counterclockwise serves to adjust the orienta-

tion of either ¢ or ¢a.
A protractor, scaled clockwise, is pro-
vided for setting the indicator I in any

GUIDE
(;)’ ROLLERS ~7%
[ :: TRANSLATORY MECHANISM

desired direction. The machine operates
in such a way that the value of the
resultant vector V gives the relative

@ GUDE

Fig. 4—Schematic diagram for 2-element machine.

magnitude of the field for the direction

| DIRECTION | PULLEY —_'7@ indicated by the indicator i.
) INDICATOR
/~ CABLE ] CALCULATION OF VERTICAL PATTERNS
<";)f ggﬂ%% The machine is very helpful in com-
"N ~ puting the vertical patterns for an array
o PO|PNT Vi when the antennas are cqual in height.
N For 3 antennas of equal height (6) holds
~ Vz true.
v ~ cos (h sir} 0) - (E)s_h

= (6)

(1 — cos k) cos 8

where E =field intensity
h = height of antennas in degrecs
0 = clevation angle
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K= Erml/ Vrml

cos (h sin 8) — cos & .
Fe—— — = vertical form factor?
(1 — cos k) cos 8

into the same straight line with indicator I and I
is rotated to 0 degrees, (3) the antenna spacings are
then adjusted so that 8; and B, are the same as noted
in step (1). The machine will then be adjusted for the

V= 1/{ Vi+ V2 cos [Ss cos (¢2 — ¢) cos 8 + ¢2] + V3 cos [S3 cos (¢3 — ¢) cos 8§ + ¢a]}?
E+ {Vasin |52 cos (¢2 — ¢) cos 8 + ys] + V;sin [S5 cos (@3 — ) cos 0 + 3] )2

The machine gives the value of the radical V for
different elevation angles 8 in any one horizontal direc-
tion ¢ after the horizontal pattern has been computed.
Readjustments are necessary for the determination of

Fig. 6—Front view of calculator.

each vertical pattern but concern only the antenna
orientations and spacings. In general the step pro-
cedure is as follows: (1) the vector angles 8; and B; for
the direction ¢ are noted when the machine is adjusted
to run off the horizontal pattern (8, and 8; are ob-
tained from the scales which indicate Y2 and 3, re-
spectively, see Fig.5), (2) all antennas are then thrown

Fig. 7—Rear view of calculator.

? Derivation given by G. H. Brown, “Directional antennas,”
Proc. I.R.E., vol. 25, pp. 78-145; January, 1937. The form factor
mentioned here is shown in the brackets of equation (182) on page
142 except for the denominator which is rewritten so that for 6 =(°
the form factor is unity, G is equal to k, and 6 is zenith angle rather
than elevation angle.

determination of the vertical pattern in the direction
¢ and rotation of the indicator from 0 to 90 degrees will
give the necessary values of the radical V. Substitution
of these values of Vin (6) will give the vertical pattern
for the direction ¢.

Tie WorkinG MobEL

Fig.’6 is a photograph of the front or working side of
the machine described in this paper; Fig. 7 is a photo-
graph showing the rear (or under) side of the machine;
and Fig. 8 is a photograph showing the calculator as
set up for operation.

The machine can be comfortably operated in a
sitting position. Normally it is necessary to lift the
machine for one adjustment on the back (or under)
side and that is for spacing S,. The orientation adjust-

3

Fig. 8—Photograph of calculator set up for operation.

ment ¢; is made on the back side but 43 is normally
set to coincide with the direction indicator I for con-
venience of operation, since it is not visible from the
front.

CoxncLUusions

The mechanical calculator for directional antennas
is a substantial aid in speeding up the work of drawing
horizontal patterns and climinates the laborious and
tedious calculations by formula. It eliminates the bulk
of the work in connecction with drawing the vertical
patterns when the antennas are of equal height.

.The machine gives a concrete picture of the vector
diagram made up of the vector fields from the an-
tennas _for any direction from the array.

The “accuracy is sufficiently good to. make the



machine entirely practical since experience has shown
it to be better than can be obtained by the use of a
slide rule. The results obtained by the use of this
machine are well within the accuracy of commercially
available field-strength-measuring equipment.

The machine is portable and complete in one unit
that fits into a carrying case. The carrying case unfolds
to form a worktable on which the machine can be
operated. As a result the device is useful either in the
office for design work or on location as a valuable aid

where an array is being tuned and finally adjusted for
operation in service.
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Charts for the Determination of the Root-Mean-
Square Value of the Horizontal Radiation
Pattern of Two-Element Broadcast

Antenna Arrays’

KARL SPANGENBERGT, ASSOCIATE, LR.E.

Summary—A set of two charts is presented from which the
root-mean-square value of the horizontal radiation patterns of
fwo-element antenna arrays may be determined gquickly with-
out calculation. These charts are based upon the formula
Erme=E1v/1+M24-2M Jo(27S5/360) - cos ¥. Observations on the fact
that the root-mean-square value is independent of phasing for 138 de-
grees spacing are made.

know the root-mean-square value of the horizontal

radiation pattern. This value gives an indication
of the average power radiated. When compared with
values of field strength in the directions of maximum
radiation it indicates the relative power radiated in
those directions. A determination of the root-mean-
square value of the horizontal pattern is required in
applications for broadcast-station licenses submitted
to the Federal Communications Commission.

The horizontal patterns of two-element arrays for
various spacings and for various phase differences in
antenna currents are available !-*Some of the published
patterns show the root-mean-square value of the pat-
tern. In no case are the data on this item complete,
nor are they given for ratios of antenna currents other
than one. It is the purpose of this paper to present a set
of two charts from which the root-mean-square value
of the horizontal radiation pattern may be determined
quickly without calculation.

I[N the design of antenna arrays it is desirable to

* Decimal classification: R125. Original manuscript received by
the Institute, December 18, 1941,

t Stanford University, California.

1 R. M. Foster, “Directive diagrams of antenna arrays,” Bell
Sys. Tech. Jour.,vol. 5, pp. 292-307; April, 1926.

2 G. C. Southworth, “Factors affecting the gain of directive an-
;:egr\n}r;a arrays,” Bell Sys. Tech. Jour., vol. 10, pp. 63-95; January,

1 G. H. Brown, “Directional antennas,” PRocC. I.R.E., vol. 25,
pp. 78-145; January, 1935. (Root-mean-square patterns shown.)

« National Association of Broadcasters, “Engineering Hand-
book,” Denver, Colorado, 1938. Section F (root-mean-square value
of patterns shown.)
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The root-mean-square value of the horizontal radia-
tion pattern of a two-element antenna array consisting
of vertical grounded antennas of the same height is
given by

Eoma = Exv/1 + M2+ 2M Jo(275/360) cos ¢ (1)

in which
E.ms=the root-mean-square value of the field
strength of the array in the horizontal plane
in millivelts per meter at 1 mile
E, =the effective value of the field strength of
the antenna carrying the larger current when
radiating alone in millivolts per meter at 1
mile
E,= ME,=the effective value of the field strength of
the antenna carrying the smaller current
when radiating alone in millivolts per meter
at 1 mile
M =ratio of the current in the two antennas,
taken as the ratio of the smaller current to
the larger current, thus making M less than
unity
¥ =the phase angle by which the current in the
second antenna (smaller current) lags the
current in the first antenna (larger current)
S=the antenna spacing in electrical degrees.
Equal to 360d/\ where d is the distance be-
tween antennas and \ is the wavelength
Jo=the zero-order Bessel function of the an-
tenna spacing in radians.
The derivation of the above expression is given in
Appendix [.
It will be observed that the root-mean-square value
of an antenna radiation pattern depends upon three
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Fig. 2—Determination of root-mean-square value of field strength from equivalent angle and current ratio.
ities; tenna-current rati te ing, e
quantl les; antenna-cur nt ratio, antenna spacing Em' — El‘\/ﬁ Mz. (2)

and phase difference of antenna currents indicated by
the symbols M, S, and ¥, respectively. Thus, it is not
easy to draw a set of curves covering all possible values
of the three parameters. However, by means of the
two charts given here it is possible to obtain the root-
mean-square value of the horizontal pattern for all
conditions. The charts are shown in Figs. 1 and 2.

In Fig. 1, a given spacing and phase difference angle
of antenna currents determine an equivalent angle B.
The equivalent angle 8 is transferred to Fig. 2 on which
the simple triangular construction indicated gives the
root-mean-square value of the pattern. In the example
illustrated, for a current phase difference of 45 degrees
and an antenna spacing of 180 degrees the value of the
equivalent angle 8 is 103 degrees from the chart of
Fig. 1. Application of this value to the chart of Fig. 2
shows that for a current ratio of 0.5, the root-mean-
square value of the field strength is 1.01 E, where E,
is the field that would have been produced by the an-
tenna with the larger current radiating alone.

Some curves showing the variation of the root-mean-
square value of the horizontal patterns for equal cur-
rents but for various values of phase and spacing are
shown in Fig. 3. These values were obtained from the
charts of Figs. 1 and 2.

It is observed from Figs. 1 and 2 that when the
phase difference of current in the two antennas is
490 degrees, the root-mean-square value of the pat-

tern is independent of the antenna spacing and is given
by

A curve of Emms/E, against M for this condition is
given in Fig. 4. The significance of the nondependence
upon antenna spacing is that when the antenna cur-
rents are 90 degrees out of phase, there is no inter-
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Fi%. 3—Root-mean-square value of field strength as a
unction of current phasing and antenna spacing.

change of energy between the two antennas and they
radiate independently of one another.

Also it will be observed that when the antenna spac-
ing is 138, 316.5, or 496 degrees (corresponding to the
first three roots of the zero-order Bessel function),
then the root-mean-square value is independent of the
phasing and is again given by

Eeme = EwW1+ M?




240

which is also represented by Fig. 4. The significance of
the nondependence upon phasing for these particular
spacings is that they give a nearly zero value of the re-
sistive component of the mutual impedance and hence
the power radiated is nearly independent of the current
phasing. An array with a 138-degree spacing has some
special properties. It can readily be adjusted to give
suppression of the signal in two directions differing
by any desired angle by adjusting the current phase.
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Fig. 4—Root-mean-square value of field strength as a function of
current ratio when the current phasing is 90 degrees, or when
spacing is 138.0, 316.5, or 496. degrees.

In the installation of such an array, adjustments of the
current phase may be made with the assurance that
the root-mean-square value of the horizontal pattern
will not be changed and that the total energy radiated
does not change much. The degree of suppression in
any direction can be controlled by adjusting the cur-
rent ratio. Antenna arrays with a 138-degree spacing
will be easier to adjust than other arrays because of
the reduced interaction between antennas which this
spacing gives.
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AprpPENDIX |

Derivation of Formula for Root-Mean-Square
Value of Horizontal Radiation Pattern

The pattern in a horizontal plane of a two-element
array is given by
E(¢) sin wt=E, sin wi+ M E, sin (w{+y —S, cos o) 3)

where
S, =the antenna spacing in radians, or 2nd/\

Proceedings of the I.R.E.

¢ =the azimuth angle in degrees, measured
clockwise from true north
E(¢) =the ficld strength in the direction ¢ in
millivolts per meter at 1 mile
Other symbols have the same significance as used in
(1).

The average value of E*¢) as ¢ is varied from 0
to 360 degrees and time is averaged over a cycle is the
root-mean-square value given by

(Erma)? Ep2 M?E,?

- — -+

2 2 2

2ME? 1 "

- --—f cos (¢ — S, cos ¢)do. (4)

2 2rd _,

Since: the average of sin? wf is § and the average of
sin w! cos wt is zero, the above can be written

2M ™
(Erms)2=El[l+M+Tf cos ('ﬁ"sr COS¢)d¢]. (5)
m -

But

/

cos(¢—3,cos¢)d¢=f cosy cos (S, cos ¢)do

+ f sin y sin (S, cos ¢)de. (6)

In the above the second integral is zero because the
integrand is an odd function; i.c., values for cor-
responding positive and negative angles have opposite
signs.

The nth order Bessel function is given by$#

1 .
Jn(S) = Z—f cos (S sin ¢ — ng)do. (7N
TJ _,
For n=0
1 4
Jo(S,) = ~—f cos (S, sin ¢)d¢ (8)
2rJ _, a
which is the same as h
1 14
Jo(S,) = —f cos (S, cos ¢)d¢. )
2rJ _,
Hence
(Erms)? = E2[1 4+ M2 4 2M cos v-Jo(S,) ]  (10)
or
Eime = V14 M2+ 2M cos ¢ Jo(S,). (11)

When the spacing is expressed in degrees, this becomes

./ L 360,
Epme = E, 1/1 + M2+ 2M cos y-J, (
2

Y.

* E. Jahnke and F. Emde, “Table of F ions,”
Ber“?' Céermany, To33 g ableol Functions,” B. G. Teubner,
‘R. S. Burrington and C. C, Torrance, “Higher Math ics,”
McGraw Hill Book Company, New York, N. \!.g, le;}‘),ap. :-%?tlcs'




The Inclined Rhombic Antenna®

CHARLES W. HARRISON, JR.f, ASSOCIATE IL.R.E.

Summary— In this paper, the use of an inclined rhombic antenna
as a means for reducing the effect of fading is discussed. Equations are
given for determining the angle at which a rhombic antenna should be

nclined to oblain a desired response pattern at various elevation angles
in the vertical plane containing the major axis.

HE horizontal rhombic antenna for receiving has
Tbeen treated by Bruce, Beck,and Lowry."? Fad-

ing reduction by steering a horizontal rhombic
antenna has been elaborated upon by Bruce and Beck.?
Foster® has shown that the equations of Bruce, Beck,
and Lowry are valid for the recejving case when the
waves are polarized with the electric vector normal to
the vertical plane containing the major axis of the an-
tenna. The direction of maximum response for a re-
ceiving rhombic antenna is ordinarily in the vertical
plane containing the major axis, and hence is of most
interest.

Though other antenna types are now being shown
greater favor, rhombic anten-
nas are quite useful for receiv-
ing when a favorable front-to-
undesired response is neces-
sary. The horizontal rhombic
antenna is usually designed
to give maximum response at
one vertical angle. Such an
antenna is very effective only
so long as the vertical angle
of arrival of the incoming
wave corresponds to the angle
at which maximum response
is obtained from the antenna.
During periods of weak sig-
nals or fluctuations in the
angle of arrival of the incom-
ing wave, such an antenna may give results inferior to
those obtainable from a simple doublet.

Some measure of control of the response at various
angles of elevation can be obtained by inclining the
plane of the antenna from the horizontal. The direct
wave and the ground-reflected wave then add in a dif-
ferent manner from the case in which the plane of the
antenna is horizontal. Analysis shows that an inclina-

* Decimal classification: R125. Original manuscript received by
tll‘;e llg;:rtlitute, April 19, 1941; revised manuscript received, October

'1'(',n.1ft Laboratory, Harvard University, Cambridge, Massa-
chusetts.

1 E. Bruce, “Developments in short-wave directive antennas,”
Proc. I.R.E., vol. 19, pp. 1406-1433; August, 1931.

2 E. Bruce, A. C. Beck, and L. R, Lowry, “Horizontal rhombic
antennas,” Proc. I.R.E., vol. 23, pp. 2446; January, 1935.

3 E. Bruce and A. C. Beck, “Experiments with directivity steer-
ing for fading reduction,” Proc. L.LR.E., vol. 23, pp. 357-371;
April, 1935.

s Donald Foster, “Radiation from rhombic antennas,” PRroc.
I.R.E., vol. 25, pp. 1327-1353; October, 1937.
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tion of the antenna improves the response at both the
low and the high angles of wave incidence simultane-
ously. Varying the side apex angle, the leg length, or
height of a horizontal rhombic antenna merely im-
proves the response in one direction, either to lower or
to higher vertical angles.

In the formulas given by Bruce, Beck, and Lowry,®
the phase reference istaken at the point of transmission-
line attachment. When the antenna is inclined, it is
desirable to shift the phase reference to the side apexes,
about which the phase is symmetrical, before develop-
ing the formula for an inclined antenna. In (9) in the
Appendix the formula for the free-space directivity of
a rhombic antenna in the vertical plane containing the
principal axis is developed using the side apexes as the
phase reference.
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Fig. 1

This formula is
— ]ZQ e—iZI’l/)\ [ e - C(.)S .¢, ]
LA 1 — sin ¢ cos A

™
sin? N (1 — sin ¢ cos A)

Ir =

(1)

where E =the field strength
A =the wavelength of the received signal
Zo = the characteristic impedance of the antenna
¢ =the tilt angle (side semiangle)
] =the antenna leg length
A =the elevation angle from which the wave ar-
rives, referred to the plane of the antenna
An inspection of equation (2)* given in the paper by
Bruce, Beck, and Lowry reveals that the last two terms

¢ See p. 46 of footnote 2.
8 See p. 28 of footnote 2.
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are identical to the last two terms of (1) above. These
terms are of interest in this analysis.

In developing the equation of the receiver current
for an antenna inclined with respect to ground, the
direct ray must be added vectorially to the ground re-
flected ray. For this purpose the antenna is considered
as being concentrated at its average height. The sub-
ject of ground reflection of horizontally polarized
waves has been treated by numerous writers including
Bruce, Beck, and Lowry.? The reader is referred to
Fig. 2 of their paper, where it is shown that the as-
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sumption of a perfectly (conducting) ground (rather
than a ground with finite constants) for the usual in-
cident wave angles does not seriously affect the results.
In general, it will be found that the resistivity of the
earth may be neglected with negligible resulting error
for antennas located over average soil, but it is desir-
able to take into account the fact that the magnitude
of the reflected wave decreases as the angle of elevation
in the plane of interest increases. The reflected wave,
therefore, must be multiplied by a factor” given by

. sina — Ve— cos’a
1\ = A ‘/’f: (2)
sina + \'e¢ — cos? a
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7 See, for instance, P. S. Carter, C. W. Hansell, and N. E. Lin-
denblad, “Development of directive transmitting antennas by
R. C. A. Communications, Inc.,” Proc. I.R.E., vol. 19, p. 1838,
equation (91); October, 1931.
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where e=the dielectric constant of the ground
a=the elevation angle at which the relative re-
sponse is desired, referred to the horizontal

plane
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Fig. 1 illustrates the method of taking into account
the effect of the ground.
Here y =the angle of incline of the antenna, referred
to the horizontal plane
h'=the height of the antenna at the point of
transmission-line attachment
h =the height of the antenna at the side poles
It is seen that there is a path difference of 2k sin a
between the direct and reflected rays.
The expression for the ground factor, taking into ac-
count the above remarks, is

Ke—{(drh/l)sina. (3)

It is apparent from Fig. 1 that the angle made by
the direct wave with the plane of the antenna is not
equal to the angle made by the reflected wave with the
plane of the antenna. These angles are equal only when
the antenna is oriented horizontally.
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One may now write the equation for the receiver
current of an inclined rhombic antenna when the side
poles are the reference for phases. It is of interest to
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note that in Fig. 1, A=y —a and A+2a=y+a. The
final equation, using this notation, is

ZD e—i?rl j
L A

Ir=—j

Ccos
+ Ke—i(drh/X)nina. a ¢

To determine the optimum angle of incline for a
particular rhombic antenna is a matter of developing
a series of patterns using (4).
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In the curves which follow, relative receiver current
is plotted as a function of the vertical angle of arrival
of the incoming wave for two antennas. The relative
receiver current at three incline angles is compared at
three antenna heights for each antenna. The dielectric
constant‘of the ground equals 18.

It is observed from these curves that the more a
rhombic antenna is inclined, the greater the loss will be
at the angle which would yield maximum response if
the antenna were in a horizontal position; but at the
same time, there is a decided improvement in response
in the direction of higher elevation angles, as well as
some improvement in response toward lower angles.

The principal effects obtained by inclining the
rhombic antenna, therefore, are those of (1) increasing
the range of vertical arrival angles to which the an-
tenna responds and (2) making more uniform the
antenna response over this range.

A large number of patterns have been developed
which strongly indicate that the optimum incline angle
lies within the range of 6 to 10 degrees.

The patterns obtained from (4) should be used on a
relative basis. As such they will serve as a satisfactory
criterion for the determination of the optimum angle at
which a rhombic antenna should be inclined.
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APPENDIX
Development of the Equation for the Receiver Current of
an Isolated Rhombic Antenna Due to a Wave in the Verti-
cal Plane Containing the Principal Axis, Using the Side
Apexes as the Reference for Phases
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Let E be the field strength and Ei, E,, Es, and E*
represent the voltages induced in wires 1, 2, 3, and 4
respectively. The side apexes are the reference for
phases. Then, for a wave in the vertical plane contain-
ing the principal axis
Ei1= E; = — E cos ¢e"i(21:/k)sin ¢ cos A (5)

E, = E, = E cos ¢e+1(2|'z/X)uin ¢ cos A (6)

] El )
Ip =2 — iU+ gy

0 2Z0
! Ez )
+ —— i U+ g } . (7)
0 2Z0
Sws Arey

E (in PLANE OF ANTENNA )
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Substituting (5) and (6) in (7) and integrating,

JEN P cos ¢
272 1 —sing cosA

0 [e;(zrux)u-.ln $co0B) _ ) 4 g—i(2r1/M)(1=sin ¢ cos A)]_ (8)

Ir =




Since
e — 2 4 giv = [eituin) — e—itD ]2
u)? . u
= [jZ sin -—-:l = — 4sin?—,
2 2
A Ll TP [ﬂ _*]
oA 1 — sin¢ cos A

wl
-sin? N (1 — sin ¢ cos A).

9

Equation (9) is the expression for the receiver cur-
rent due to a wave which lies in the vertical plane con-
taining the major axis of a rhombic antenna located in
empty space. It is assumed that the electric vector of
the incoming wave lies in the plane of the antenna. The
side apexes are taken as the reference for phases.

A Contribution to the Theory of Network Synthesis®

R. A. WHITEMANT, ASSOCIATE, I.R.E.

Summary—The design of corrective networks for transient condsi-
tions has been based to a great extent upon trial-and-error methods.
Such a procedure has fracncal advantages at times, particularly when
intuition may be relied upon for almost the entire solution of the prob-
lem. However, a procedure whick eliminates trial-and-error methods
not only provides a better understanding of the problem but also corre-
lates and clarifies the basic theory involved in the solution of the prob-
lem. The results of the analysis presented in this paper extend O.
Brune's! systematic procedure of synthesizing electrical networks based
upon steady-state requirements, to the synthesis of electrical networks
satisfying transient requirements. The extension of the method is ac-
complished with the use of the generalized infinite-integral formula ex-
pressed in (16). This equation gives a unique solution for the im-
pedance function in terms of the transsent voltage and the transient
current. 1'he impedance function oblained by evaluating the infinite in-
eg rals of (16) may then be synthesized by using Brune's method. *

I. INTRODUCTION

HE problem of obtaining the transient current
Tresponse produced by the sudden application of
a voltage to a given network, is a problem in net-
work analysis. If, however, the transient voltage and
transient current are known functions of time and it is
desired to obtain the requisite network, the problem
is classified as a network-synthesis problem. The
operational method of solving network-analysis prob-
lems was first developed in a heuristic manner by O.
Heaviside? and systematized in a rigorous manner by
T. J. I'A. Bromwich? using functions of a complex
variable. Since the publication of Bromwich's treatise,
complex-function theory has been used advantageously
in the analysis and synthesis of electrical networks.?
With Bromwich's work in mind, it is very important
to appreciate that the complex parameter p, used
throughout this paper, is related to the operator d/dt.
Heaviside used these symbols as equivalents and de-
rived an infinite-integral theorem of a spccial form
which first appeared in his ‘‘Electromagnetic Theory."
A more general form of the theorem derived from
Laurent’s theorem* facilitates the synthesis of electrical

* Decimal classification: R390. Original manuscript received by
the Institute, July 31, 1941; revised manuscript received, January
9, 1942.

t RCA Institutes, Inc., Chicago, Illinois.

1 0. Brune, “Synthesis of a finite two-terminal network whose
driving point impedance is a prescribed function of frequency,”
Jour. Math. and Phys., vol. 10, pp. 191-236; October, 1931.

t O, Heaviside, “Electromagnetic Theory,” three volumes,

3T, J. I'A. Bromwich, '"Normal coordinates in dynamical sys-
tems,"” Proc. Lond. Math. Soc., (2), vol. 15, pp. 401—448; 1916.

¢ Laurent, Compt. Rend., vol. 17, p. 939, 1843.
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networks by yielding the desired impedance function.

The following section presents a derivation and in-
terpretation of the generalized formula based upon
complex-function theory.

II. THE GENERALIZED INFINITE-INTEGRAL FOrRMULA

The presentation given in this part of the paper is
based upon Laurent’s theorem, which may be stated
as follows:

Let f(N) be a function analytic in the ring-shaped region
between two concentric circles Cy and C,, of radii Ry and
Ry (R:<R)) and center Ny, and on the circles themselves.
Then f(\) can be expanded in a series of positive and
negative powers of (A —X\,), convergent at all points of the
ring-shaped region.

The algebraic expression of this theorem is given by

(1) and (2).

They are
=+
J = /Z AN = No) (1)
where,
1 S(w)dw
A =g T
6)) ) gromme 2

By considering functions A4(f), which do not have
singularities between minus infinity and plus infinity,
it is possible to extend Laurent's theorem by allowing
f to vary continuously between these limits. The sum-
mation expressed in (1) becomes an integration with
the functions f(\), f(w), and A4(f) changing to ¢(\),

¢(w), and B(Y), respectively. The new equations be-
come

SH\) = f mB(j)()\ — No)/df (3)

-x0

and

¢(w)dw

(w — Ayt

B(f) = —

2xj. (4)

’I‘he_comple.x qlfantity w locates points on the closed
contour C which lies between C, and C, while X\ locates
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any point within the same region. The quantities
(w—Xo) and (A —\,) are also complex numbers locating
these points within the region bounded by C, and C:
but measured from the point No. In general, these
quantities may be given by

W — N = Meit=t

(8)

where M is a constant greater than R, and less than R,.

Equations (3) and (4) give a mutual relationship
between the functions ¢(\) and B(f) and provide a
more general pair of transforms than the more familiar
Fourier transforms. These equations, however, may be
arranged to a more convenient algebraic form by trans-
forming the integrands to functions of ¢. The functions
#(\) and B(f) then become G(¢) and F(f), respectively.
With the aid of the differential of w, which is

dw = 27rjMe"’2"dt (6)
the transformed equations become
4o
G(f) = f F(f)M’e 'df (7
and
F(f) fngﬂﬁﬁwm (8)
R M’

1

The quantity (w—X\o)’ is a periodic function with 1/f
defined as the period and F(f) as the coefficients of the
periodic function. Since G(¢) is not periodic in the par-
ticular problem under consideration, equation (8) re-
lates the coefficients F(f) of the periodic function to
the nonperiodic function G(f). This basic concept is
very useful when considering the impedance function
as the ratio of the coefficients of the frequency spectra
of a transient voltage and current. To transform the
variables in (7) and (8) in order to make them appli-
cable to electric-circuit-synthesis problems, let

2rfj = ¢ }
i=v=if"
Substituting these transformations in (7) and (8), the
equations for G(¢) and F(f) become, respectively,
L[+ et (p)dp

&)

g(®) 227 . M (10)
and

ey

I(P)—fh BT (11)

If, in (11), the function g(¢)is considered to be a time
function specified between the limits ¢; and /2, then
F(p) will represent the coefficients of each element of
the periodic function in (10). When g(¢) is a transient
voltage, then F(p) is the coefficient of the periodic
voltages expressed in (10). Let the transformation
equations for a voltage be

245

g(f) = e(?)
12
nm=ﬂm} Vo
and for a current be '
g(H) = i(Y)
. 13
nm=1m} ot

The quantities E(p) and I(p) express the magnitude
and phase angle of the corresponding voltage and cur-
rent coefficients for identical periods of these functions.
The ratio of these coefficients express, in accordance
with Ohm’s law, the impedance function of the requi-
site network. That is

5
Z(p) = }7{’))

By substituting (11), (12), and (13) in (14), the
impedance function is expressible as

f. :e-”‘e(t)dt

Zp) = -
f Lttt

Equation (15) is the solution of the problem of re-
lating the impedance function to the transient voltage
e(t) and the transient current ¢(t). When ¢, approaches
minus infinity and ¢, approaches plus infinity, the
equation shall be referred to as the generalized infinite-
integral formula. Upon substituting the new limits, (15)
becomes 4o

J e
f_*:e—wi(t)d;

It is important to notice that the expression for Z(p)
obtained with (16) applies only when a voltage of the
form specified by e(t) is applied. If e(t) is the ‘““Heavi-
side unit-step function,” (16) reduces to Heaviside's
infinite-integral theorem. The impedance function ob-
tained with (16) in one operation possesses the at-
tenuation and phase-shift characteristics implied in the
prescribed transient conditions.

This procedure is more direct than that used when
the attenuation and phase-shift characteristics are
prescribed explicitly as a function of frequency. In the
latter method, it is necessary to solve two problems.
The first involves a synthesis of the attenuation net-
work without regard to the phase-shift characteristics,
and the second involves a synthesis of the phase-
shifting network to obtain the prescribed phase-shift
characteristics.

If the impedance function Z(p) represents the be-
havior of a two-terminal network, the structure may
be synthesized by using the method devised by Brune;
if however, the function represents the transfer-im-
pedance function of a four-terminal network, the struc-
ture may be synthesized by using the method de-
veloped by C. M:son Gewertz.! The four-terminal

(14)

(15)

Z(p) = (16)

s C. M:son Gewertz, “Synthesis of a finite four-terminal network
from its prescribed driving-point functions and transfer function,”
Jour. Math. and Phys., vol. 12, pp. 1-257; January, 1932-1933.
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network problem requires, for its solution, supple-
mentary data in the form of prescribed driving-point
impedance functions.

An interesting illustrative example of applying (16)
is presented in the following part of this paper, where
a nonlinear resistance is replaced by a linear passive
equivalent network.

[11. EQUIVALENT LINEAR NETWORK OF NONLINEAR
RESISTANCE

A linear passive network shall be considered equiva-
lent to a nonlinear resistance, when both networks be-
have in an identical manner under prescribed transient
conditions. If the nonlinearity of the resistance is ex-
pressed by relating the current as a function of the
voltage as

i = fle) (17)

the impedance function of the linear passive equivalent
network is given by substituting e(¢) and #(¢) in (16).
After making this substitution, the function becomes

f:e""e(t)dt
ﬁ ”e-»'f(e)d;

which may be evaluated for a typical nonlinear resist-
ance such as Thyrite.®

For a certain sample of this material, the relation be-
tween the current and the voltage was expressed by

i=Aem (19)

Z(p) = (18)

+

where 1 is the current in amperes, e is the voltage in
volts, and

A=3.2X10"?

and m = 3.57.
Now, let the transient voltage be
e = Be et

¢ T. Brownlee, “The calculation of circuits containing Thyrite,”
Gen. Elec. Rev., April, 1934.

where B =10
and a = 10.
Then i(t) = ABme ™!

and the impedance function after evaluating the in-
tegrals becomes

P+ ma
7 = . 20
Z(p) AB™1p 4+ AB™ (20)

A network obtained by Brune's method, which
satisfies Z(p), consists of a resistance R, in series with
a parallel combination of a resistance R; and a capaci-
tance C. The numerical values of these parameters are

R, = 8.44 X 10* ohms
R, = 21.7 X 10* ohms
C = 0.46 X 10~ farad.

This passive linear network is equivalent to the non-
linear resistance made of Thyrite.

IV. ConcLUSION

The synthesis of networks that has been described
provides a means of designing electrical circuits which
behave in accordance with prescribed transient condi-
tions. This procedure extends and incorporates
methods now employed using steady-state conditions
as prescribed conditions. The attenuation and phase-
shift characteristics implied in the prescribed transient
conditions are automatically taken care of in the pro-
cedure of the synthesis and thereby introduce an un-
usual simplification.
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Summer Convention
Cleveland, Ohio

June 29. 30, and July 1, 1942

Cleveland, sixth city of the United States, is lo-
cated on the southern shore of Lake Erie. Settled at
the close of the eighteenth century, primarily as a
trading center, it has developed into one of the coun-
try’s most important transportation centers, produces
huge quantities of iron and steel, and is the home of a
long list of diversified industries. Iron ore from the
Lake Superior region and limestone and coal from
Ohio and Pennsylvania provide the raw materials for
Cleveland’s major industries—iron and steel.

Our Cleveland Section will be hosts at this conven-
tion which is scheduled for June 29, 30, and July 1.
Headquarters will be at the Statler Hotel. Under war
conditions, no program can be guaranteed so the fol-
lowing schedule must be considered as being our best
approximation at this time.

PAPERS PROGRAM

The program of papers to be presented follows. All
technical sessions will be in the Euclid Ballroom and
there will be no duplicate sessions. Sufficient time is
available for presenting all papers substantially in full
and the time allotted for each paper is indicated. No
papers are available in preprint or scparate form.
There is no assurance that any of the papers will ap-
pear in the PROCEEDINGs although it is expected that
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many will be published during the next several
months. Summaries of the papers are given at the end
of this convention announcement and are arranged
alphabetically by names of the authors. The order of
presentation is indicated by numbers.

PROGRAM
Monday, June 29
10:30 A.M.—1:00 p.M.

Addresses of Welcome by A. F. Van Dyck, President
of the Institute; P. L. Hoover, Chairman of the
Cleveland Section; and Carl E. Smith, Chairman
of the Convention Committee.

1. “Recording Standards,” by I. P. Rodman, Co-
lumbia Recording Corporation, New York,
N. Y. (20 Minutes)

2. “A New Approach to the Problem of Phonograph
Reproduction,” by G. L. Beers, and C. M. Sin-
nett, RCA Manufacturing Company, Camden,
N. J. (25 Minutes)

3. “Measuring Transcription-Turntable-Speed Vari-
ations,” by H. E. Roys, RCA Manufacturing
Company, Indianapolis, Ind. (20 Minutes)

4. “A New Type of Practical Distortion Meter,” by
J. E. Hayes, Canadian Broadcasting Corpora-
tion, Montreal, Que., Canada. (20 Minutes)
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10.

11.

12.

13.

14.

15.

. “Radio-Frequency Oscillator

Rose Garden at the Cleveland Art Museum.

“Frequency-Modulation Distortion in Loudspeak-
ers,” by G. L. Beers and H. Belar, RCA Manu-
facturing Company, Camden, N. ]J. (25 Min-
utes)

2:30 P.M.=5:00 P.M.

Apparatus and
Its Application to Industrial Process-Control
Equipment,” by T. A. Cohen, Wheelco Instru-
ments Company, Chicago, Ill. (30 Minutes)

“The Scanning Microscope,” by V. K. Zworykin,
J. Hiilier, and R. Snyder, RCA Manufacturing
Company, Camden, N. J. (45 Minutes)

“Spectroscopic Analysis in the Manufacture of
Radio Tubes,” by S. L. Parsons, Hygrade Syl-
vania Corporation, Emporium, Pa. (30 Minutes)

“Minimizing Aberration of Electron Lenses,” by
H. Poritsky, General Electric Company, Sche-
nectady, N. Y. (20 Minutes)

Tuesday, June 30

10:00 A.M.—1:00 p.M.

“Maintenance of Broadcasting Operations During
Wartime,” by J. A. Ouimet, Canadian Broad-
casting Corporation, Montreal, Que., Canada.
(30 Minutes)

“High-Power Television Transmitter,” by H. B.
Fancher, General Electric Company, Sche-
nectady, N. Y. (40 Minutes)

“Frequency-Modulation Transmitter-Receiver for
Studio Transmitter Relay,” W. F. Goetter,
General Electric Company, Schenectady, N. Y.
(40 Minutes)

“Effect of Solar Activity on Radio Communica-
tion,” by H. W. Wells, Carnegie Institution of
Washington, Washington, D. C. (30 Minutes)

2:30 p.M.—4:30 P.M.

“Television Video Relay System,” by J. E. Keister,
General Electric Company, Schenectady, N. Y.
(40 Minutes)

“Mercury Lighting for Television Studios,” by
C. A. Breeding, General Electric Company,
Schenectady, N. Y. (25 Minutes)
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16. “The Focusing-View-Finder Problem in Television
Cameras,” by G. L. Beers, RCA Manufacturing
Company, Camden, N. J. (20 Minutes)

17. “Automatic Frequency and Phase Control of
Synchronization in Television Receivers,” by
K. R. Wendt and G. L. Fredendall, RCA
Manufacturing Company, Camden, N. J. (20
Minutes)

Wednesday, July 1
10:00 A.M.—1:00 P.M.

18. “Radio Strain Insulators for High Voltage and
Low Capacitance,” by A. O. Austin, A. O.
Austin, Barberton, Ohio. (30 Minutes)

19. “Improved Insulators for Self-Supporting or Sec-
tionalized Towers,” by A. O. Austin, A. O.
Austin, Barberton, Ohio. (30 Minutes)

20. “Brief Discussion of the Design of a 900-Foot Uni-
form-Cross-Section Guyed Radio Tower,” by
A. C. Waller, Truscon Steel Company, Youngs-
town, Ohio. (30 Minutes)

21. “Circular Antenna,” by M. W. Scheldorf, Gen-
eral Electric Company, Schenectady, N. Y. (30
Minutes)

22. “Stub-Feeder Calculations,” by H. A. Brown and

W. J. Trijitzinsky, University of Illinois, Ur-
bana, Ill. (20 Minutes)

REGISTRATION

The registration desk will be opened from 4:00 r.M.
to 6:00 P.M. on Sunday, June 28. Those who arrive
carly and can register during this period will assist
greatly in relieving the peak load which occurs on the
opening morning. During the three days of the meet-
ing, the registration desk will be open from 9:00 A.M.
until the last technical session for the day terminates.

TRIP

Wartime conditions have placed severe limitations
on inspection tours of the type usually included’in In-
stitute convention programs. Only one trip has been
arranged for the men and is scheduled for Wednesday
afternoon and evening. Restrictions having alrcady

The General Electric Group at Nela Park.
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been placed on the use of busses for such purposes, the
trip will be made by street car.

The first stop will be at the Picker X-Ray Corpora-
tion where the manufacture of X-ray and accessory
equipment will be inspected. From there we will go
to Nela Park, which is the lighting research labora-
tories of the General Electric Company. A discussion
and demonstration of industrial lighting for war pro-
duction and home lighting will be given. After dinner,
which will be served at Nela Park (tickets $1.50 each),
a joint session with the women will be devoted to
blackout lighting, light magic, and colored movies.

The Warner-Swasey Observatory will be our final
stop and we are invited to inspect the largest Schmidt
telescope in the world. This telescope uses a 36-inch
reflector in conjunction with a 24-inch lens and pro-
vides greater light-gathering powér than any telescope
of comparable size. The weather permitting, we'll have
a look through it.

BANQUET

On Tuesday evening at 7:00 o’clock, the doors of
the air-conditioned Euclid Ballroom will be opened for
the banquet. Tickets will be on sale at $3.00 each at
the registration desk. Dress will be optional.

“Strange Adventures in Discomania” will be pre-
sented by George C. A. Hantelman, Manager of the
Cleveland Engineering Society.

EXHIBITION

There will be no exhibition at this convention.

SECTIONS COMMITTEE

A meeting of the Sections Committee will be held
in the Pine Room at 7:00 p.M. on Monday, June 29.
It is hoped that most of the Sections will be repre-
sented at the meeting which will be devoted to a dis-
cussion of Section and Institute affairs. If you plan
on attending the Convention and are not sure your
Section has arranged for this meeting, get in touch
with the Secretary of the Section and offer your serv-
ices. It is only by getting opinions from our Scctions

The Cleveland Museum of Art
and Fine Arts Gardens.
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General Electric Institute at Nela Park.

and members that the Institute can make its services
most effective.

WOMEN’S PROGRAM

The women are invited to avail themselves of the
advance registration provided from 4:00 p.M. to 6:00
p.M. on Sunday, June 28. Their registration desk will
be open at 9:00 o'clock each morning thereafter.

Monday, June 29

Monday morning, June 29, will be devoted to get-
ting acquainted. From 2:00 p.M. to 3:00 P.M. 2 musical
program will be given in the studios of WGAR on the
fourteenth floor of the hotel. Tea will be served from
3:00 p.M. to 5:00 p.M. The evening will be free; the
program of the men is similarly open and this will
be a good time to see some of the town.

Tuesday, June 30

At 10:30 A.M. a tour through the Higbee Company
Department store will start. The WHK Studios will
then be visited and the morning will close with a look
at Cleveland from the Terminal Tower.

At noon, luncheon will be served as a style show is
presented. The afternoon may be spent at the Higbee
store or on a trip to the Art Museum or any of the
other interesting places around University Circle. The
banquet is the feature of the evening.

Wednesday, July 1

The morning is reserved for shopping or catching up
on sleep. Those who are interested, may go with the
men to the Picker X-Ray Corporation plant to see
the manufacture of X-ray and related equipment.

At 3:30 .M. those who do not go with the men, will
leave for Nela Park where a demonstration of house-
hold lighting will be given. The women will join the
men for dinner and the later demonstrations of black-
out lighting, light magic, and colored movies. All will
then visit the Warner-Swasey Observatory to inspect
its outstanding collection of astronomical equipment.
It is hoped that the weather will permit some high-
powcred star gazing by everyone.
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Downtown Cleveland Pictured from the Air.

SUMMARIES OF TECHNICAL
PAPERS

18. RADIO STRAIN INSULATORS FOR HIGH
VOLTAGE AND LOW CAPACITANCE

A. O. AusTIN
(A. O. Austin, Barberton, Ohio)

The high-voltage requirements to withstand both
the radio-frequency and lighting loads will be given.
There will then be considered the effects of the elec-
trical requirements on the mechanical reliability. The
use of radio-type insulators in the electrical power field
to eliminate interference to radio systems will be dis-
cussed. Renewed interest in low-frequency transmis-
sion is recognized by a discussion of strain insulators
for high-powered stations of that type.

19. IMPROVED INSULATORS FOR SELF-
SUPPORTING OR SECTIONALIZED
TOWERS

A. O. AusTIN
(A. O. Austin, Barberton, Ohio)

Mechanical requirements for insulators for self-
supporting or sectionalized towers will be discussed
and include working loads and mechanical hazards.
The mechanical properties of several types of insula-
tors will be covered. The effect of~the electrical re-
quirements on the mechanical design will then be
considered. The advantages of the heated types of
insulators and limitations resulting from thermal
stresses will be treated.

16. THE FOCUSING-VIEW-FINDER PROBLEM
IN TELEVISION CAMERAS

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

The technical excellence of a television program may
frequently depend on the characteristics of the view
finder used in the television camera. Conditions
peculiar to television make it desirable that television

Proceedings of the I.R.E.

May

camera view finders be of the focusing type. The re-
quirements of an ideal view finder of this type are dis-
cussed. During the past ten years a number of view-
finder arrangements have been investigated in con-
nection with the development of television cameras,
Several of these are described and their relative merits

indicated.

5. FREQUENCY-MODULATION DISTORTION
IN LOUDSPEAKERS

G. L. BEERs aAxD H. BELAR
(RCA Manufacturing Company, Camden, N. J.)

As the frequency-response range of a sound-repro-
ducing system is extended, the necessity for minimizing
all forms of distortion is correspondingly increased.
The part which the loudspeaker can contribute to the
over-all distortion of a reproducing system has been
frequently considered. A type of loudspeaker distor-
tion which has not received general consideration is
described. This distortion is a result of the Doppler
effect and produces frequency modulation in loud-
speakers reproducing complex tones. Equations for
this type of distortion are given. Measurements which
confirm the calculated distortion in several loud-
speakers are shown. An appendix giving the derivation
of the equations is included.

2. SOME RECENT DEVELOPMENTS IN
RECORD-REPRODUCING SYSTEMS

G. L. BEERs aND C. M. SINNETT
(RCA Manufacturing Company, Camden, N. J.)

Several factors of impottance in obtaining satisfac-
tory reproduction of sound from lateral-cut phono-
graph records are considered. An experimental record
reproducing system employing the principles of fre-
quency modulation is described and data are supplied
on the measured and calculated performance charac-
teristics of the system. Curves are included showing
the vertical force required for satisfactory tracking
with the experimental frequency-modulation pickup as
compared with other pickups of conventional design.
The paper covers development work which was done
several years back.

15. MERCURY LIGHTING FOR
TELEVISION STUDIOS

C. A. BREEDING
(General Electric Company, Schenectady,"N. Y.)

General Electric experiments with water-cooled
mercury lamps for television studio lighting began at
the New York World's Fair in 1939 and finally cul-
minated in a complete installation in the new modern
studios of WRGB at Schenectady in the fall of 1941.
The installation in Schenectady is described and ex-
perience to date with these lights is outlined.
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22. STUB-FEEDER CALCULATIONS

H. A. BRowN AND W. J. TRIJITZINSKY
(University of Illinois, Urbana, IlL.)

For reasons of economy, radio-frequency power is
usually transmitted over nonresonant lines which are
terminated in their characteristic impedances. The
terminating impedance is usually a transforming net-
work to match the impedance of the driven load to
obtain maximum power transfer.

At high radio frequencies, short sections of open or
closed lines are used to terminate the transmission
line. These short sections, often termed stub feeders,
can be made to transform from the nonresonant-line
characteristic impedance to the given antenna input
impedance. In this paper, derivations of formulas for
the lengths of the matching-line sections are given.

6. RADIO-FREQUENCY OSCILLATOR AP-
PARATUS AND ITS APPLICATION
TO INDUSTRIAL PROCESS-
CONTROL EQUIPMENT

T. A. CoHEN
(Wheelco Instruments Company, Chicago, )

Industrial process-control instrumentation has been
an art which has occupied the study of many engineers
in the past decade. One of its major problems has been
the development of sensitive relay equipment, capable
of responding to the command of a sensitive measur-
ing instrument or apparatus without reactively dis-
turbing the primary measurements.

The advent of electronic industrial apparatus has
given a great impetus to sensitive-instrument-control
mechanisms, especially where radio-frequency oscil-
lators and kindred apparatus are included in the con-
trol instrument. The development and application of
this type of instrumentation to such problems as tem-
perature control, liquid-level control, and the like are
of great interest, due to the fact that communication
arts are intimately tied up with manufacturing prob-
lems of many types in which such process-control
equipment is of essential importance.

11. HIGH-POWER TELEVISION TRANSMITTER

H. B. FANCHER
(General Electric Company, Schenectady, N. Y.)

The design factors involved in the development of
Station WRGB, located in the Helderberg Mountains,
including a 40-kilowatt visual transmitter and a 20-
kilowatt aural transmitter are described. The part of
the visual transmitter located at the main station con-
sists of a high-frequency receiver, a converter, and a
chain of linear class B push-pull amplifiers. The
transmitter receives a standard modulated vestigial-
sideband signal from its Schenectady studio or from
the New York relay station, in each case over a high-
frequency radio link. The two final stages each consist
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A View of Cleveland from the Lake.

of a pair of water-cooled triodes (GL-8009) which were
especially designed for television service. The special
features involved in building stable circuits for these
tubes are considered. The visual antenna consists of a
conical doublet fed by an open-wire shielded line which
matches the antenna impedance. The output fre-
quency is maintained constant independent of varia-
tions in the incoming signal by means of a unique auto-
matic frequency-control system.

The aural transmitter consists of a 50-watt exciter
unit containing the oscillator, modulator, and fre-
quency-control unit; a 2-kilowatt amplifier consisting
of air-cooled triodes; and a 20-kilowatt amplifier
using a pair of tubes similar to those in the visual
power amplifier. The antenna consists of a cubic array
giving a circular field pattern.

12. FREQUENCY-MODULATION TRANSMITTER-
RECEIVER FOR STUDIO-TRANSMITTER RELAY

W. F. GOETTER
(General Electric Company, Schenectady, N. Y.)

A complete system for high-fidelity relaying between
the studio and main transmitter is described. The
entire equipment was designed considering simplicity
and reliability to be of prime importance.

The 25-watt transmitter incorporates several novel
features which account for the excellent performance
obtained. New design tubes especially suited for ultra-
high-frequency operation are used.

A crystal-controlled, double-conversion, superheter-
odyne receiver, employing such features as cascade
limiting, carrier-off noise suppression, and vertical
chassis construction, is also described. Harmonics
from the same crystal oscillator are used in perform-
ing both conversions, resulting in an extremely stable
unit. Both transmitter and receiver may be remotely
controlled when proper compliance is made with Fed-
eral Communications Commission regulations.

A high-gain studio-transmitter antenna, which
meets all Federal Communications Commission
requirements, is totally enclosed against the weather
to avoid ice-melting problems, ctc. A frequency-
modulation station monitor, for studio-transmitter
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Schmidt-type Telescope at the
Warner-Swasey Observatory.

applications, indicates carrier frequency continuously,
as well as per cent modulation and carrier level. Aur-
al monitoring is also obtained from the same unit.

4. A NEW TYPE OF PRACTICAL
DISTORTION METER g

J. E. Haves
(Canadian Broadcasting Corporation, Montreal,
Que., Canada)

This paper gives a description of a distortion meter
embodying circuits which differ somewhat from those
previously employed for this type of instrument. It
consists essentially of a bridged-T audio-frequency
bridge circuit, in which the inductance element is re-
placed by a reactance-tube circuit. Because of the
flexibility obtainable in vacuum-tube circuits, it is a
relatively simple matter to vary the effective induct-
ance continuously over a fairly wide range, and thus
allow the distortion meter to be used at any frequency
in the audio range.

Certain precautions must be taken in a circuit of
this type in order to avoid difficulties due to nonlinear
action of the reactance-tube circuit. Application of
negative feedback to the reactance-tube circuit effec-
tively reduces the nonlinearity, increases stability, and
at the same time keeps tube noise and hum at a mini-
mum level. An analysis of the reactance part of this
circuit, together with formulas for calculating the
effective Q and the optimum operating conditions are
including.

14. A TELEVISION RELAY SYSTEM

J. E. KEISTER
(General Electric Company, Schenectady, N. Y.)

A television “repeater” type of station is described.
The application is unique in that the station is 130
miles distant and over a mile below line of sight from
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WNBT, the station originating the programs. The
visual signal is received on a 400-foot by 150-foot
rhombic antenna. It is then amplified, converted, and
further amplified to be retransmitted to the main
station, WRGB, at 163.25 megacycles.

A novel system of output-frequency control is de-
scribed. This system accurately maintains the output
frequency regardless of error in the received signal. It
also is capable of handling the frequency-modulation
type of synchronizing pulse should the occasion arise.

The aural signal is demodulated in the conventional
manner and carried to the main station over telephone
lines.

10. MAINTENANCE OF BROADCASTING
. OPERATIONS DURING WARTIME

J. A. OuiMET
(Canadian Broadcasting Corporation, Montreal,
Que., Canada)

The technical problem of wartime broadcasting will
be discussed in its three main aspects.

1) The maintenance of normal operations under

conditions of war economy.

2) The maintenance of normal or restricted opera-
tions during actual war action.

3) The maintenance or resumption of essential
operations after partial or complete destruction
of broadcasting facilities.

Within this broad outline, certain details of plant
and operations protection which are of interest to the
broadcast engineer will be discussed. Whenever pos-
sible this will be illustrated with practical measures
taken at various plants of the Canadian Broadcasting
Corporation, ’

8. SPECTROGRAPHIC ANALYSIS IN THE
MANUFACTURE OF RADIO TUBES

S. L. PArsoxs
(Hygrade Sylvania Corporation, Emporium, Pa.)

This paper will describe the use of spectrographic
methods in attacking some of the problems encount-
ered in the manufacture of radio tubes. Slides of the
laboratory and apparatus will be shown and discussed.
The techniques and use of qualitative spectrographic
analysis in connection with chemical, metallurgical,
ceramic, and fluorescent problems will be described
and illustrations of the application of quantitative
spectrographic analysis to problems of routine inspec-
tion and control will be given.

9. MINIMIZING ABERRATION OF ELECTRON
LENSES

H. PorITsKY
(General Electric Company, Schenectady, N. Y.)

This paper is concerned with the question of mini-
mizing spherical aberration. Several possible ways
of obtaining sharp focusing are investigated. A
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geometrical analogy between the electron paths and
geodesics on a proper surface, referred to in the paper
as a characteristic surface, enables the author to utilize
various results familiar in differential geometry of
surfaces in the investigation of the electronic problem.
This analogy to geodesics suggests a study of the class
of fields for which the electronic problem corresponds
to the two geometric problems of geodesics on surfaces
of constant curvature and on surfaces of rotation. It
is shown that only for proper fields possessing space
charge can the characteristic surfaces be of the above
kind. A further case of sharp focusing, which is in-
vestigated, is the case where, for all points on the same
plane perpendicular to the axis of symmetry, the elec-
tron paths all point to the same point on that axis.
This case is essentially equivalent to the one investi-
gated by Gray. Again it is shown that no such family
of motions can arise for axially symmetric clectrostatic
fields.

Necessary and sufficient conditions are then investi-
gated for focusing which is sharp to within a certain
order. A condition for third-order focusing is estab-
lished which consists in the vanishing of a certain in-
tegral, the integrand of which involves the solution of
the first-order equation of electron motion as well as
the potential and its derivatives along the axis of sym-
metry. Similar conditions for higher-order focusing are
established and written in many equivalent forms.

1. RECORDING STANDARDS

I. P. RopMAN
(Columbia Recording Corporation, New York, N.Y)

Last June, under the sponsorship of the National
Association of Broadcasters, a committee was estab-
lished to prepare standards for recordings and as-
sociated equipment used for broadcasting. The report
of this committee has recently been approved.

Mechanical dimensions of records and direction and
speed of rotation, are covered. Also included are elec-
trical characteristics, recording level, signal-to-noise
ratio, and wow-factor measurements. Definitions of
terms used in the field are incorporated in these
standards.

3. MEASURING TRANSCRIPTION-TURNTABLE-
SPEED VARIATIONS

H. E. Roys
(RCA Manufacturing Company, Indianapolis, Ind.)

One of the important aspects of turntable design is
that of constancy of speed, or freedom from “wows.”
This paper outlines previous methods of “wow” meas-
urement in turntables and describes improvements
both in apparatus and method. Factors involved in the
measurement of turntable-speed variations are given
together with means of minimizing error caused by
different rates of variation.
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21. CIRCULAR ANTENNA

M. W. SCHELDORF
(General Electric Company, Schenectady, N. Y.)

A new horizontally polarized antenna is described.
An outstanding feature is the radiation of substantially
uniform energy in all directions about the antenna
without resorting to a complex structure having
phasing networks to secure this pattern. Its low verti-
cal radiation gives a twofold improvement, optimum
spacing in an arrangement having more than one bay
giving more gain per bay than previously experienced
and coupling between bays in such an arrangement
having been reduced so that adjustments are sim-
plified.

A given physical structure may be adjusted to reso-
nate over a wide frequency range by a simple means.
The structure has a pleasing appearance particularly
suited to mounting on simple vertical masts.

20. BRIEF DISCUSSION OF' THE DESIGN OF
A 912-FOOT UNIFORM-CROSS-SECTION
GUYED RADIO-TOWER

A. C. WALLER
(Truscon Steel Company, Youngstown, Ohio)

A general presentation is given of the structural
factors involved in the design of a 190-degree antenna
on the 570-kilocycle frequency of radio station WNAX
at Yanktown, South Dakota. (The design was pre-
pared concurrently with that for a 900-foot Franklin
antenna for radio station WKY of Oklahoma City,
Oklahoma.)

Resistance to wind involves a study of meteorological
data for the area in question and determination of
probable future frequency and combination of wind
intensity, temperature range, and ice deposit. Effect
of anticipated wind velocity in terms of actual pres-
sure on the complex truss forms used is empirically
fixed as based on experience, known outdoor measure-
ments, and wind-tunnel tests on similar forms. Cor-
rect balance of anticipated external loads and steel
stresses results in proper factors of safety.

View of Electrical Assembly Department at the
Picker X-Ray Corporation.
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Effect of temperature on guy catenary lengths,
elasticity and coefficients of expansion of porcelain and
steel, and cffect of connections upon deflection, are
among other variables to be taken into account.

Probable relation between wind velocity at various
clevations, “scale” factor of wind pressure on cylindri-
cal members, and foundation problems introduced by
clectrically favorable radio-antenna locations, are also
of interest.

13. EFFECTS OF SOLAR ACTIVITY ON THE
IONOSPHERE AND RADIO
COMMUNICATION

H. W, WeLs
(Carnegie Institution of Washington, Washington, D. C.)

Unusual solar activity produces severe disturbances
in the ionosphere which in turn directly influence radio

Union Terminal Building housing the
Higbee Store and WHK Studios.

communication. Solar flares or sunspot eruptions have
been definitely identified as the origin of short-period
radio fade-outs. The ultraviolet radiation associated
with the solar flare immediately produces intense
ionization in the lower part of the ionosphere which
results in complete absorption of all normal sky-wave
radio transmission. Disturbances of this nature seldom
last longer than an hour.

However, the radio disturbances which are most
severe are coincident with intense magnetic storms.
Such magnetic storms are frequently associated with
active sunspot areas. It is generally believed that
streams of corpuscles are shot out from the active
sunspots. These streams travel to the earth in one to
four days and produce magnetic storms, auroral dis-
plays, and radio disturbances. The severe disturbances
can disrupt normal radio communications for several
days and various occasions of interruption to land

wire circuits have also been reported. Various investi-
gators have shown the cffect of magnetic disturbances
on radio communication to be more pronounced as the
wave path approaches the higher latitudes. lono-
spheric recordings, both by the fixed-frequency and
the multifrcquency techniques, provide fundamental
information regarding the development and effect of
such disturbances on radio communications.

17. AUTOMATIC FREQUENCY AND PHASE
CONTROL OF SYNCHRONIZATION
IN TELEVISION RECEIVERS

K. R. WENDT AND (. L. FREDENDALL
(RCA Manufacturing Company, Inc., Camden, N, ].)

One of the problems in the reception of television
images is to provide satisfactory synchronization in
the presence of noise. During the past several years
considerable experience has been gained with respect
to this problem under various receiving conditions.
The system of synchronization which has given satis-
factory results up to the present time has depended
for its operation on the reception and separation of
individual pulses. In gencral it can be said that with
this system satisfactory synchronization can be ob
tained from those signals which will in all other re-
spects provide an entirely acceptable picture. How-
cver, for limiting conditions of service, particularly
during early operation where ficld strength may be
low, an improvement in synchronization will be ef-
fective and desirable provided that it does not involve
other complications or disadvantages.

This paper describes a synchronizing means at the
receiver that employs a new principle in the field of
synchronization. The principle is automatic frequency
and phase control of the saw-tooth scanning voltages.
In such a system, synchronization depends on the aver-
age of many regularly recurring synchronizing pulses.
Noise has insufficient energy at the scanning frequen-
cies to cffect control through the direct-current link
from which all but relatively long-time variations are
filtered out.

Experimental receivers, in which automatic fre-
quency control of the scanning oscillators has been
incorporated, have operated with high immunity to
noise. The degree of immunity is of a different order
of magnitude from that found in conventional syn-
chronizing systems.

Noise cannot affect horizontal resolution or inter-
lacing. An intrinsic property of the new system is
perfect interlacing. The return line in an automatic
frequency-controlled system may start before syn-
chronization.

Consideration of this new devclopment indicates
that its use would result in several improvements in
television service: (1) when severe noise conditions
occur, superior performance is realizable within the
service area; (2) under such noise conditions the useful
service area is extended; (3) the maximum resolution




permitted by a television channel is attained; (4) it is
expected that the cost of television receivers will not
be increased by the use of this circuit.

7. A SCANNING ELECTRON MICROSCOPE

V. K. ZworYKIN, J. HILLIER, AND R. L. SNYDER
(RCA Manufacturing Co., Camden, N. J.)

In order to examine the surface of bulk material
with the high resolving power afforded by the use of an
electron beam a new electron microscope of the scan-
ning type has been developed in which an extremely
fine and stationary electron probe is produced by a
two-stage reducing electrostatic-lens system. The spec-
imen is moved mechanically in such a way that each
point of its surface is scanned in a systematic fashion
by the electron probe. The secondary electrons which
are emitted from the point of the specimen bombarded
by the electrons of the probe are accelerated and pro-

jected on a fluorescent screen. The intensity of the
light emitted by the fluorescent screen varies in accord-
ance with the secondary-emission properties of succes-
sive points of the specimen. This modulated light sig-
nal is converted into an electrical signal by means of
a multiplier phototube and then synthesized in a
printed picture by an amplifier and facsimile printer
system. The use of the electronic-light-electronic trans-
formation of the image signal improves the signal-to-
noise ratio by at least an order of magnitude over
that found in conventional methods of collection and
voltage amplification. An experimental model has
been constructed and has been successful in producing
images of etched metal surfaces at magnifications as
high as 10,000 diameters and with a resolving power
considerably better than 50 millimicrons. The black-
ening of the image points has been found to be a func-
tion of the three-dimensional contour of the specimen
as well as of its secondary-emission properties.
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McKechnie, J. S., 124 Lincoln Ave., Little
Falls, N. J.

Morris, R. M., 22 Mountain View Rd.,
Millburn, N, J.

Nichols, W. A,, Canadian Broadcasting
Corporation, 1012 Keefer Bldg.,
Montreal, Que., Canada

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

Schlesinger, L., c/o Naval Research Labo-
ratory, Anacostia, D. C.

Smith, j.NP., 39 Harrison Ave., Erlton,

..
Somers, R. M., ¢/o Thomas A. Edison,
Inc., Lakeside Ave., West Orange,
N. J.
Young, C. H., Bell Telephone Labora-
tories, Inc., 463 West St., New
York, N, Y.
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Admission to Member

Anderson, F. B., 188 Elmwood Rd., Oak-
hurst, N. J.
Black, H. S., Bell Telephone Laboratories,
Inc., 180 Varick St., New York,
N.Y.
Bollman, J. H., Bell Telephone Labora-
tories, Inc., 180 Varick St., New
York, N. Y.
Bond, W. L., Bell Telephone Laboratories,
Inc., 180 Varick St., New York,
N.Y.
Dorsey, ]J. W., University of Manitoba,
Winnipeg, Manit., Canada
Edson, J. O., 10 Rustic Pl., Great Kills,
S.I,N. Y.
Kinzer, J. P., Bell Telephone Laboratories,
Inc.,180VarickSt.,NewYork,N.Y.
Krist, H. K., 100 Lake Dr., Mountain
Lakes, N. J.
Maggio, J. B., 548 Springfield Ave., Sum-
mit, N. J.
McCurdy, R. G., Bell Telephone Labora-
tories, Inc., 463 West St., New
York, N. Y.
Page, E. C., 504 Munsey Bldg., Washing-
ton, D. C.
Stratton, J. A., Massachusetts Institute of
Technology, Cambridge, Mass.
Van Tassel, E. K., 419 S. Chestnut St.,
Westfield, N. J.

The following admissions or transfers
(where indicated as such) of member-
ships were approved by the Board of Di-
rectors on April 1, 1942,

Transfer to Member

Chamber, C. C., University of Pensyl-
vania, Philadelphia, Pa.

Admission to Associate

Ahern, W. R., 43 Woodland St., Wor-
cester, Mass, (Transfer)

Proceedings of the I.R.E.

Alger, P. B., 2519 S. Colorado St., Phila-
delphia, Pa.

Amman, E. A., 1560 Lansing Ave., De-
troit, Mich.

Anderson, G. P., 513 N. James Ave., Min-
neapolis, Minn, (Transfer)

Arndt, W. R,, N. Tenbroeck St., Scotia,
N. Y. (Transfer)

Atherton, J. B., 2234 Kamehameha Ave.,
Honolulu, T. H. (Transfer)

Bailey, V. G., Amenia, N. Y. (Transfer)

Baker, H. F., R.D. 2, Uniontown, Pa.
(Transfer)

Bangs, J. R., RCA Manufacturing Com-
pany, Inc., Harrison, N. J.

Barbour, C. W., Jr., 830 Beacon St., Bos-
ton, Mass, (Transfer)

Baum, E., 24 Lenox Ave., Mount Vernon,
N. Y. (Transfer)

Beck, G., 404 College Ave., Ithaca, N. Y.

Belov, F. ., 210 Madison Ave., New York,
N

. Y.

Benson, S., 706 N, 28th St., Belleville, Ill,

Bersbach, A. J., 9 Clough St., Lynn, Mass.
(Transfer)

Blake, L. V., 1527—28 St., S.E., Washing-
ton, D, C.

Bomar, L. C., ¢c/o Southern Natural Gas
Company, Wetumpka, Ala.

Bradley, J. A., 1705 W. Clinch Ave,,
Knoxville, Tenn, (Transfer)

Breeze, J. E., 76 Grosvenor Ave., Ottawa,
Ont., Canada (Transfer)

Brelsford, H., 947 Maple Ave., Schenec-
tady, N. Y. (Transfer)

Briggs, D.K., 50 CenterSt., Chatham, N.J.

Brummer, S. H., 3569 DeKalb Ave., New
York, N. Y.

Buss, R. R., 70 Kirby Pl., Palo Alto, Calif,
(Transfer)

Carter, S. T., Germantown Manor, Greene
and Hortter Sts.,Philadelphia, Pa.

Cheng, K. Y., 515 W, 124 St., New York,
N. Y.
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Clark, J. R., Purdue University, West
Lafayette, Ind. (Transfer)

Cochran, R. G., 3345 N. Tacoma Ave.,
Indianapolis, Ind.

Cosgrove, T., 1555 Odell St., New York,
N. Y

Cristina, H. J., 267 Winsor St,, Ludlow,
Mass. (Transfer)

Crooks, R. K., Union Switch and Signal
Company, Swissvale, Pa.
Crossan, G. W, Jr., 3 Du Maurier Blvd.,
Toronto, Ont., Canada.

Crow, H. E., 420 N. Oliver St., Wichita,
Kan. (Transfer)

Cushing, T. D., 94 Gilchrist Ave., Ottawa,
Ont., Canada (Transfer)

Davies, H. E., 5211—37, N.E., Seattle,
Wash. (Transfer)

Davison, J. M., 54 William St., St.
Thomas, Ont., Canada (Transfer)

Dearborn, F. K., Jr., 32 Union St., Ports-
mouth, N. H.

Dickey, D. W., 39 E. Water St., Middle-
town, Pa,

Durkee, C. E., 4245 Elston Ave., Chicago,
HI. (Transfer)

Duszak, H., 6134 N. Dearborn St., Indian-
apolis, Ind. (Transfer)

Ellis, G. M., 929 N. Stanley Ave., Holly-
wood, Calif.

Ferguson, K., University of Western On-
tario, St. Thomas, Ont., Canada
(Transfer)

Ferry, T. R., 616—47 St., Oakland, Calif.
(Transfer)

Fitzmorris, S. R., 1102 Yeadon Ave.,
Yeadon, Pa. (Transfer)

Flyr, J. G., Radie Station WCED, Dubois,
Pa.

Fox, R. C., 17 Beaumont Ave., Catons-
ville, Md. (Transfer)

Friedland, M. S., 411 Federal Annex, At-
lanta, Ga. (Transfer)

Funk, L., 525 E. Washington, Belleville,
1l

Garblik, A. M., 1256 E. 13 St., Brooklyn,
N.Y.

Garik, S., 171 W 81 St., New York, N. Y.

Garrat, P. M., 1802 Hambur St., Sche-
nectady, N. Y. (Transfer)

Giacoletto, L. J., Signal Corps Labora-
tories, Fort Monmouth, Red
Bank, N. J. (Transfer)

Gise, F. G., Jr., 4022 Magee St., Philadel-
phia, Pa.

Glan, G., 3513 W. Jackson Blvd., Chicago,
111

Glyptis, N'., 3 Clinton St., Cambridge

ass.
Goldstein, G. D., 7516 Harford Rd., Balti-
more, Md.

Green, J. A., 411 W, Stadium, West La-
fayette, Ind. (Transfer)
Greenaway, L. R., 272 Main St., East
Hartford, Conn. (Transfer)

Grifhith, B. W., 1619 Commonwealth Ave.,
Brighton, Mass. (Transfer)

Grifith, D. J., R.R. 1, Box 172, Moline,
1. (Transfer)

Haddock, F. T., Jr., 614 Bashford Lane,
Alexandria, Va.

Hale, C. R., 2333 Pine St., Abilene, Texas
(Transfer)

Hamilton, S. H., 208 Maple Pl., Cranford,
N.J.

Hansel, P. G.,, 11 Elm Pl, Red Bank,
N. J. (Transfer)

Proceedings of the I.R.E.

Hansen, H. M., 3240 Briggs Ave., Ala-
meda, Calif. (Transfer)
Harland, R., Box 721, Caldwell, Idaho

(Transfer)
Harris, M. S., 614 E. Union, Seattle,
Wash.

Harris, W. A., 121 Payton Ave., lHaddon-
field, N. J. (Transfer)

llasbrook, A. F., 1815 W. Hildebrand, San
Antonio, Texas

Hatchwell, J., 725 W. Roosevelt Blvd.,
Philadelphia, Pa. (Transfer)

lHegbar, H., 64 Park Ave., Bloomfield,
N. J. (Transfer)

Herman, H., 1729 Webster St., N.W.,
Washington, D. C. (Transfer)

Hill, B. C., Jr., 422 Construction Bldg.,
Dallas, Texas

Hoffman, R. Y., Jr., 921 Pine St., Win-
netka, Ill. .

Hogg, J. E., 1625 Ave. B, Schenectady,
N. Y. (Transfer)

Hooper, J. R., 621 Union St., Schenectady,
N. Y. (Transfer)

Hopper, A. L., 85 Spring Valley Ave.,
River Edge, N. J.

Hutchins, \W. R., 606 W. 113 St., New
York, N. Y. (Transfer)

Jackson, J. J., 454 E. Locust, Philadelphia,
Pa. (Transfer)

Jacobs, L. F., St. Horbert College,\West De
Pere, Wis. (Transfer)

Jacobs, O. B., 20 Hamilton Rd., Morris-
town, N. J.

Johnson, P. V., 1011 W, Indiana Ave., Elk-
hart, Ind. (Transfer)

Johnston, D. L., 31 Wilmington \Way,

Brighton 6, Sussex, England
(Transfer)

Jones, B. K., 7607 Eastern Ave., Takoma
Park, D. C.

Kappelman, G. E., 2234 E. First St.,
Brooklyn, N. Y. (Transfer)

Keith, E. G., 208 Union St., Schenectady,
N. Y. (Transfer)

Kidd, W. E., 355 Duane St., Glen Ellyn,
111,

Kirkland, R. E., 304 W. 102 St., New
York, N. Y.

Kopetzky, K. A., 7645 N. Sheridan Rd.,
Chicago, 111.

Krempel, F. M., 2643 N. Whipple St.,
Chicago, 11l. (Transfer)
Kucharsky, M. H., 4253 Esplanade Ave.,
Montreal, Que., Canada
Lawrence, R. B., 99 Summer St., Kings-

ton, Mass. (Transfer)
Lew, H. W., 1630 Kalmia Rd., N.W,,
\Washington, D.C. (Transfer)
Liimatainen, T., 1090 Parkwood Blvd.,
Schenectady, N.Y. (Transfer)
Lindenberg, E. C., 1442 N. Farwell Ave.,
Milwaukee, Wis. (Transfer)
Lynch, H. G., 272 S. Broadway, Yonkers,

N. Y.
Macquivey, D. R., 1101 Emerson St., Palo
Alto, Calif. (Transfer) ‘

Mann, D. O,, 1307 Merced St., Richmond,
Calif. (Transfer)

Marrinan, H. J., Box 281, N. Redmond,
Bethany, Okla. (Transfer)

Martin, J. B., 375—62 St., Oakland, Calif,
(Transfer)

May, H. E., 505 N. Broad St., Emporium,
Pa.

McAlpine, W. H., 26 Springdale Blvd.,
Toronto, Ont., Canada

May

Meyer, C. H., 1326 Highland Ter., Rich-
mond Heights, Mo.

Miller, G. A., 10631—73 Ave., Edmonton,
Alta., Canada (Transfer)

Milner, C. M., 148 W. 10 St., New York,
N. Y. (Transfer)

Mole, G., 81 Islip Manor Rd., Northolt,
Middlesex, England

Mocre, A. R., Jr., 40 Birch St., E., Mount
Vernon, N. Y.

Morrison, R. H., YMCA, 13 State St.,
Schenectady, N. Y. (Transfer)

Mueller, G., Bell Telephone Laboratories,
Inc., 463 West St., New York,
N. Y. (Transfer)

Mumtaz Ud Din, S., 3 Nai-Abadi, Kehal,
Abbottabad, Northwest Frontier
Province, India.

Mutter, A. A., 2252 Magnolia Ave., Long
Beach, Calif.

Newham, R. H., “Trofts,” Byworth, Pet-
worth, Sussex, England.

Newman, C., 2342 W 31 St., Los Angeles,

Calif.

Norgrove, W. M., 1117 Front St., Nelson,
B. C., Canada

Norman, \V,, Box 233, Ritzville, Wash.
(Transfer)

North, J., 140 Sheridan Blvd., Inwood,
L.1.,N. Y.

O’'Donnell, H., Hornbrook, Calif. (Trans-
fer)

Overfield, R. B., U.S.S. San Francisco,
Fleet P’ost Office, Pearl Ilarbor,
T. H.

Paanen, R. A., 212 First Ave. S., Esca-
naba, Mich. (Transfer)
Paleschuck, M. H., 1594 Townsend Ave.,

New York, N. Y. (Transfer)

Papas, C. I1., 4409—18 St., N.W., Wash-
ington, D. C. (Transfer)

Parker, T. E., 505 W. State, Albuquerque,
N. M. (Transfer)

Parks, H. F., 876 \V. 180 St., New York,
N.Y.

Pattinson, T. H., 14 Closeworth Rd.,
Farnborough, Hampshire, Eng-
land.

Pelitsch, E. J., 63-12 Forest Ave., Ridge-
wood, L. 1., N. Y. (Transfer)

Pester, R. F., 3911 Seventh St., N.E.,
Washington, D. C. ’

Peterson, J. S., Westinghouse Interna-
tional, 40 Wall St., New York,
N. Y. (Transfer)

Pickarski, S., 60 N. Hamilton St., Pough-
keepsie, N. Y. (Transfer)

Plenty, E. G., 211 Roxton Rd., Toronto,
Ont., Canada

Pochmerski, D., 428 E. 14 St., New York,
N. Y. (Transfer)

Price, J. F., 1023 Girard St., N.E., Wash-
ington, D. C.

Purzner, W. H., 140 Nassau St., New
York, N. Y. (Transfer)

Randall, H. L., 6234 N. Campbell Ave.,
Portland, Ore.

Reid, J. rg 96 N. 18 St., East Orange,

).
Reiling, G. E., 250 Mountwell Ave., Had-
donfield, N. J. (Transfer)
Robinson, W. M. M. Box R, Bostonia,
Calif.

Rone, J. R., 275 S. Glebe Rd., Arlington,
Va. (Transfer)

Rose, F. (l:I.I, 525 E. Washington, Belleville,
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Rugg, H. H., 31 Lambton Rd., Ottawa,
Ont., Canada (Transfer)

Russell, D. C., 977 Parkmeade Lane, Lake
Forest, Ill, (Transfer)

Sampathu, S., c/o G. Ramaswami, Nar-

sing, Bhuvan, Brahmin, Wada

Rd., Matunga, Bombay, India.

(Transfer)

R. W., YMCA, Schenectady,

N. Y. (Transfer)

Schneble, A. J., Jr., 831 Woodland Ave.,
Schenectady, N. Y.

Schull, G., 1261 First Ave., S.E., Cedar
Rapids, lowa (Transfer)

Segal, B., 5 S. Winfield Ave., Bywood, Up-
per Darby, Pa. (Transfer)

Selig, B. L., 5340 Crown St., Indianapolis,

Samsel,

Ind. (Transfer)
Sensiper, S., 111, Locust St., Garden City,
L. I., N. Y. (Transfer)

Shearer, R. W., 780 West St.,
(Transfer)

Shelley, E. F., 140 Cabrini Blvd.,, New
York, N. Y. (Transfer)

Shortly, W. M., Southern Bell Telephone
and Telegraph Company, 1613
Hurt Bldg., Atlanta, Ga.

Showers, R. M., 516 Oxford Rd., Upper
Darby, Pa. (Transfer)

Simonton, R. C., 1910 Rimpau Blvd., Los
Angeles Calif.

Skelley, C. L., Macmillan Company, 60
Fifth Ave., New York, N. Y.

Staderman, H. W., 968 Northampton St.
Buffalo, N. Y.

Sterner, J. E., Department of Terrestrial
Magnetism, 5241 Broad Branch
Rd., N.W., Washington, D.C.

Strandberg, W., Radiation Laboratory,
Massachusetts Institute of Tech-
nology, Cambridge, Mass.

Strawn, G. A., 2884 Francis Ave., Los
Angeles, Calif. (Transfer)

Strothers, H. C., 6227 La Mirada Ave.,
Hollywood, Calif. (Transfer)

Stover, E. B., Jr., 1509 S. Jamestown,
Tulsa, Okla. (Transfer)

Thomforde, C., 11411 Sandy Blvd., Port-
land, Ore. (Transfer)

Tiffany, W. D., 2755 Franklin St.,
Francisco, Calif. (Transfer)

Toward, T., “Little Thatch,” Winter-
bourne, Monkton, Wiltshire, Eng-
land

Trevor, J. B., Jr., Naval Research Labora-
tory, Anacostia, D. C.

Upham, S. W., Route 58, Box 153B, Sche-

nectady, N. Y. (Transfer)
I. M., 200 Johnson St., Clinton,
S. C. (Transfer)
Wagner, W. W., Box 189, Somerset, Pa.

Wabhl, J., 1531 O St.,, N.W., Washington,
D. C. (Transfer)

Walker, R. T., Route 2, Box 68, Beaver-
ton, Ore. (Transfer)

Warriner, B., Bendix Radio Corporation,
Baltimore, Md. (Transfer)

Welch, H. E., Stockton Junior College,
Stockton, Calif.

Wertz, H. E., Bell Telephone Laboratories,
Inc.,463 West St., NewYork,N.Y.

White, G. E., 71 Fairview Blvd., Hemp-
stead, L. I., N. Y. (Transfer)

Wild, J. H., 1224 Ransom St., Sandusky,
Ohio.

Wilkinson, W. C., 400 Linden St.,
den, N. J. (Transfer)

Reno, Ney.

San

Vann,

Cam-

Institute News and Radio Notes

Wilson, W. R., 25 Holmehurst Ave., Ca-
tonsville, Md. (Transfer)
Winchell, R. W., 902 Whittier Dr., Beverly
Hills, Calif. (Transfer)

Woll, H. J., 1133 N. Oakland Ave., Indi-

anapolis, Ind. (Transfer)
Woo, L. N., Mandarin Restaurant,

Market St., Newark, N. J.
Wood, C. P., Box 542, Aberdeen, S. D.
Yost, K., Dayton, Ind. (Transfer)

Books

Electric Circuits, by the Elec-
trical Engineering Staff of
Massachusetts Institute
of Technology

Published by John Wiley and Sons,
440 Fourth Avenue, New York, N. Y.
764 4+ xxxiii pages+ 14-page index. 420
figures. 64X 91 inches. Price, $7.50.

Electric Circuits differs from most
books in that it was written by a group
rather than one or two individuals. It was
the belief of the electrical engineering
faculty of the Massachusetts Institute of
Techology that the large staff “with its
varied interests in teaching and related
research could effect a new synthesis of
educational material in the field of electri-
cal engineering . . . with a breadth of view
not easily approached by an author work-
ing individually. It should be free from
duplication, repetition, and unbalances so
often present in unintegrated textbooks. It
should possess a unity and a breadth aris-
ing from the organization of the subject as
a whole.” These are worthy objectives and
undoubtedly the plan possesses merit in
producing a standardized and well-bal-
anced treatment.

The introduccion provides a broad his-
torical perspective and shows how electri-
cal engineering contributes to modern life.
It emphasizes that the systems dealt with
consist of tangible elements—generators,
circuits, electron tubes—and intangible
elements—charges and fields. The solution
of problems involving these elements may
be obtained by the use of circuit theory or
field theory. The method to be used in any
given case depends upon the nature of the
problem. The choice for the beginning stu-
dent is very well stated near the end of the
introduction. “The chapters which im-
mediately follow are concerned with cir-
cuit theory, in which an electrical system
may with sufficient precision be thought
of in terms of combinations of elements
characterized by resistance, inductance,
and capacitance, together with voltage
and current . . .. Circuit theory is there-
fore a convenient starting point for a study
of electrical engineering, because the
tangible elements of so many electrical
systems may be expressed by means of
these five fundamental circuit components
and because, inherently, circuit theory is
more readily grasped at first than is the
basic field theory from which it is derived.”
In view of this clear statement it is surpris-
ing that the first chapter starts out with an
attempted correlation of circuit theory and
field theory. Since, in general, the student
knows little or nothing of either an ex-
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planation of one in terms of the other is
meaningless and discouraging.

Since the success of the field theory as
applied to problems relating to the trans-
mission of radio waves supports the con-
clusion that Maxwell's equations provide a
complete expression for the quantitative
relationship of the electric and magnetic
fields associated with an arbitrary dis-
tribution of charge and current, it would
seem that the circuit relations could be de-
rived directly from the field concept. How-
ever, this is possible only in special ideal-
ized cases where the field equations can be
solved. In view of this limitation, a useful
and rigorous development of circuit rela-
tions from the field equations appears im-
practicable. There are border-line cases
where it would be not only possible but
helpful in giving a more complete under-
standing of the phenomena. It is hoped
that in the next edition the djscussion of
this aspect of the subject will come later in
the book and be considerably expanded.

An extensive list of problems covering
the broad field of electrical circuits in both
transientand permanent states, isincluded;
many of these are worked out in detail for
illustrative purposes. The method of sym-
metrical components as applied to the
analytical solution of unbalanced poly-
phase circuits is included. The table of
electrical and mechanical analogies will
prove useful in clarifying some relation-
ships, particularly for the student who is
interested in sound-conversion units. A
section is devoted to the important subject
of nonlinear circuit elements making use
of graphical and semigraphical solutions
as well as analytic approximations. In
solving network problems involving linear
algebraic equations, the appendix on de-
terminants will be of assistance. In places
the notation differs from established stand-
ards, and in others appears unwieldly, al-
though this is largely a question of becom-
ing accustomed to it. Fortunately a list of
the symbols used is included.

The book contains much of value both
from the standpoint of material and meth-
od. H. M. TurNER

Yale University
New Haven, Connecticut

Fundamentals of Vacuum
Tubes (Second Edition), by
Austin V. Eastman

Published by McGraw-Hill Book Com-
pany, 330 West 42 Street, New York,
N. Y. 569-+xxi pages+13-page index. 464
figures. 63 X9} inches. Price, $4.50.

The second edition of this well-known
text has been improved by rearrangement
and the addition of new material. The book
is divided into two parts covering first a
description of almost every type of elec-
tronic tube having engineering use, and
then glvmg discussions of the basic circuits
to be used in applying the tube. The tube
gection includes some material on the
underlying physics and treats gas-filled
and photoelectric tubes as well as high-
vacuum thermionic devices. The second
part, on applications and circuits, contains
material on rectifier and control circuits
although much more space is devoted to
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the uses of tubes in amplifiers, oscillators,
modulators, and detectors.

The title may be somewhat misleading
to some who may expect a detailed treatise
on the fundamental physics underlying
vacuum tubes. This is decidedly an en-
gineering text. [t will bemost useful to prac-
ticing circuit engineers and students who
want to grasp the basic principles of opera-
tion of tubes in order to use them effec-
tively in the most important and common-
est applications. It will be less useful to
vacuum-tube engineers or physicists whose
problem is the design or development of
the tubes themselves since the discussions
of basic physics are quite sketchy and some
statements may create erroneous impres-
sions. There is; for example, the statement
on page 14 implying that the constant re-
lating the emission current density to
T3 %9T is a universal constant which
theoretically should be equal to 120.4 but
proves experimentally to vary widely. Ac-
tually, this wide variation is in general
accordance with present theory.

The discussion of amplifiers, oscillators,
and modulation is especially good, with
clear, physical explanations and convenient
notation. The author makes good his
promise to provide descriptive discussions
preceding extensive mathematical analyses
and there are many excellent problems.
Oscillator circuits are not only described as
to their mechanism of operation but, un-
like some radio texts, the problem of design
is given careful treatment. Frequency
modulation is discussed by use of vector
diagrams as wel]l as some mathematical
analysis and all important methods of ob-
taining and utilizing properties of ampli-
tude-limited frequency modulation are
treated competently and rather extensively
considering the relative newness of this
application.

The only phase of vacuum-tube work

" o e e T o SRy e e s

Proceedings of the I.R.E.

which the author might be criticised for
treating too briefly is the ultra-high fre-
quencies. The problems in applying tubes
at frequencies where, for instance, trans-
mission lines take over the jobs from
lumped circuits are in many cases unique.
They have been discussed extensively in
the literature and a good deal of this ma-
terial needs now to be assembled in a text
for the same convenient study and refer-
ence which the author makes possible for
the ordinary radio frequencies.
SimoN RaMo
General Electric Company
Schenectady, New York

Tables of Integrals and Other
Mathematical Data, by
H. B. Dwight '

Published by The Macmillan Company,
60 Fifth Avenue, New York, N. Y. 1934.
220+4-viii pages+2-page index. 53X8%
inches. Price, $1.75.

This book has, over a period of several
years, proved to be of very great value in
all fields of engineering requiring mathe-
matical analysis. It contains tables of in-
tegrals and of infinite-series expansions
that are sufficiently complete for almost
all ordinary engineering and scientific
needs. The yarious items are adequately
cross-referenced.

Integrals and series expansions, also the
more common identities, are included for
rational and irrational algebraic functions,
trigonometric, exponential, logarithmic,
hyperbolic, inverse trigonometric, inverse
hyperbolic, and elliptic functions. Integrals
for Bessel functions, also for zonal har-
monics, are included. There is also a table
of definite integrals and a brief but very
useful outline of the more important meth-

ods used in solving differential equations.

Numerical tables included comprise
Bessel functions, trigonometric tables,
gamma functions, a four-place table of
logarithms to the base 10, a five-place
table of natural logarithms,a table of values
of exponential and hyperbolic functions,
and tables of values of elliptic functions
and Bessel functions.

Unfortunately there is no table of error-
function values. The infinite series expan-
sions, both direct and asymptotic, for the
error-function integral are, however, in-
cluded. The book would be appreciably
more useful if it had included additional
integrals, both indefinite and definite, of
the error-function type.

On the whole, this book has over a
period of years proved itself to be, in the
reviewer's opinion, by far the best general-
purpose table of integral and mathematical
data available for engineering and scien-
tific use at the present time.

W. G. Dow
University of Michigan
Ann Arbor, Michigan

Radio Reception in Theory
and Practice, by Virendra
Kumar Saksena

Published by Industry PublishersLtd.,
Keshub Bhaban, 22, R. G., Kar Road,
Shambhazar, Calcutta, India. 210+v pages
+5-page index. 104 figures. 5X 7} inches.

This is a very satisfactory introductory
book. It is well written and covers most of
the elementary subject material needed by
beginners. The author received much of
his technical education in England.

H. M. TurNER
Yale University
New Haven. Connecticut




Contributors

F. A. EVEREST

F. Alton Everest (A'38) was born on
November 21, 1909, at Gaston, Oregon.
He received the B.S. degree in electrical
engineering from Oregon State College in
1932 and after two years of graduate work
received the E.E. degree from Stanford
University in 1936. For six months he
worked on television development for the
Don Lee Broadcasting System after which
he became an instructor in electrical en-
gineering at Oregon State college and in
1939, assistant professor. Mr. Everest is a
member of Eta Kappa Nu and Sigma Xi
and is an associate member of the Ameri-
can Institute of Electrical Engineers.

<>

Dudley E. Foster (A'26-M'37) was
born at Newark, New Jersey, on Decem-
ber 12, 1900. He was grauated from Cor-
nell University in 1922 with the E.E. de-
gree. Following his graduation he became
associated with the Electrical Alloy Com-
pany and Driver-Harris Company. In
1925 he joined the Malone-Lemmon Prod-
ucts Company and the next year became
chief engineer of the Case Electric Com-
pany. Two years later that company was
merged with the United States Radio and

DupLEy E. FOSTER

May, 1942

Television Company and soon thereafter
Mr. Foster was promoted to chief engineer.
In 1933 he became chief radio engineer of
the General Household Utilities Company
and from 1934 to 1941 he was division en-
gineer in the RCA License Laboratory.
He was also a lecturer in television en-
gineering in the Graduate Schoo! of
Stevens Institute of Technology. At the
present time Mr. Foster is vice president
and technical director of Rogers Majestic
(1941), Limited, Toronto, Ont., Canada.

o
Qe

Charles W. Ha{rison, Jr. (A’36) was
born in Virginia in 1913. In 1931 he was
enlisted in the U. S. Navy as a candidate
for the Naval Academy. During this year
he was graduated from the Radio Opera-
tors School, and served as a radio operator
aboard a vessel of the Pacific Fleet. The

C. W. HARRISON, ]Jr.

years 1932 to 1936 were spent in the U. S.
Naval Academy Preparatory School, and
in the Academy. In 1939 he received the
B.S. degree in engineering, and in 1940 the
degree of electrical engineer from the Uni-
versity of Virginia. While in the University
he was an operator at WCHV. Mr. Harri-
son is licensed to practice both electrical
and radio engineering in Virginia.

The summers of 1939 and 1940, to-
gether with the entire year of 1941, were
spent in research work relative to antennas
and transmission lines at the Navy Depart-
ment in Washington. For the last two
years Mr, Harrison has held scholarships
covering tuition at the Cruft Laboratory,
Harvard University. He is at present a
student officer on duty at the Cruft Labo-
ratory, where he is a candidate for the
S.M. and Sc.D. degrees.

?

William G. Hutton (A’'38) was born on
March 9, 1904, at Batavia, lowa. He re-
ceived his A.B. degree in 1928 at Parsons
College and his M.S. degree in physics in
1932 at lowa State College. Mr. Hutton

Proceedings of the I.R.E,

WiLLram G. HuttoN

was with the Western Electric Company
in 1929 and 1930 and was professor of
physics at William Penn College from 1932
to 1935. He has been a member of the engi-
neering staff of WGAR since 1937,

o,
<

Paul A. Loyet (A'37-M’'38) was born
at Ottumwa, lowa, on January 10, 1906.
He received the B.E. degree in electrical
engineering from the State University of
Iowa in 1927. Mr. Loyet became interested
in amateur work in 1919 and entered the
commeTrcial broadcasting business in 1924
with WOC as an operator. After gradua-
tion, he became chief engineer of WOC
until February 15, 1930, when the Central
Broadcasting Company was formed, in-
corporating WOC, Davenport, and WHO,
Des Moines, lowa. He has been the chief
engineer and technical director from that
time to date; also a member of the board of
directors of the Central Broadcasting Com-

pany.

Garrard Mountjoy (A’'30-M’40) re-
ceived the B.S. degree from Washington

PauL A. LoYET
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GARRARD MOUNTJOY

University in 1929. That same year he
joined the Sparks-Withington Company
as a development engineer, spending some
time in Europe for that company designing
radio sets for local conditions. He later
became chief engineer of the Sparks-With-
ington Radio Development Department
which positionr he held until 1935. Prior
to entering college he spent a year with

R. Morris PIERCE

Proceedings of the I.R.E.

the Westinghouse Company. Since 1935,
Mr. Mountjoy has been on the staff of the
RCA License Laboratory. He received a
“modern pioneer” award from the National
Association of Manufacturers in 1940. He
is a member of Sigma Xi

R. Morris Pierce (M'42) was born De-
cember 17, 1906, at Chicago, Illinois. He
attended Cornell College at Mt. Vernon,
lowa, 1924-1925, and Case School of Ap-
plied Science, Cleveland, Ohio, 1930-1932.
He was employed in the engineering and
tests departments of the Zenith Radio Cor-
poration, 1927-1928; chief engineer, Cleve-
land Police Radio System, 1929; chief
engineer, WWVA, Wheeling, West \'ir-
ginia, 1930; chief engineer WGAR, Cleve-
land, Ohio, 1930 to date.

Wilson S. Pritchett (S'41) was born at
Vale, Oregon, on December 8, 1910. He
received the B.S. degree in 1940 and the
M.S. degree in 1942 from Oregon State
College where he has been a graduate as-
sistant in electrical engineering. He is a
member of Eta Kappa Nu, Sigma Pi
Sigma, and an associate of Sigma Xi.

For a biographical sketch of Karl
Spangenberg, see the PROCEEDINGs for
March, 1942,

Russell A. Whiteman (A'41) received
his B.S. degree in 1933 and E.E. degree in
1934 from Columbia University. He was
awarded the Trowbridge Fellowship to
continue graduate work at Columbia and
was simultaneously employed by Ameri
can Machine and Metals, Inc., as research
engineer on accoustical measurements, in
which he continued until 1936. Prior to
that, he was engaged in the Bell Telephone
Laboratories from 1927 to 1929, on the de-
velopment of permalloy and perminvar
dust cores applied to lumped loading. In

WILSON S. PRITCHETT

1936 he went with Carrier Corporation as
development engineer on acoustical de-
sign. In 1937 he joined RCA Institutes
specializing in radio receiving and trans-
mitting circuits and was transferred to
Chicago as chief instructor. Mr. White-
man is a member of Epsilon Chi and Sig
ma Xi.

R. A. WHITEMAN
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Close observation of the flow of electrons from a
beated filament is made possible with this Electron
Microscope. This instrument, designed and con-
structed in the Eimac laboratories, virtually gives a
motion picture projection of the electrom movement.

Before filaments are sealed into the triode they are
placed in a temporary vacuum where they undergo
their first emission test. Thus faulty filaments may
be weeded out without further processing.

Makes the Modern
World Go Around

EIMAC 3047
Filament Voltage . 5 or 10 volts
Plate Voltage (D.C) . 3000 volis
Plate Dissipation . . .300 watts
Power Qutput 3000 volts
at75% eff. . . . . 900 watts

HE life of radio communications hangs by a tiny thread of filament wire. If
the steady flow of electrons from the vacuum tube filaments ceases, the transmitter

Eitel-McCuHou h

is off the air no matter how excellent the other components may be performing,
To assure peak emission under the most severe operation conditions, many exact-
ing tests are conducted during the process of manufacture.

Above is an Eimac technician checking an
Eimac tube on the Peak Emission Tester. This
device, designed and constructed in the Eimac
laboratories, measures the flow of electrons
emitted from the completed tube. Of a long
series of filament tests conducted at various
stages of manufacture, this test is the final.
Other important controls are illustrated at left.

From beginning to end, Eimac tubes are de-"
signed and constructed to give vastly superior’
performance. The proof that they do is made
clear by the fact that Eimac tubes enjoy first
choice in the minds of leading radio engineers
throughout the world.

Follow the leaders to . . |
@

TUBES



® To meet certain radio and electronic develop-
ments, Aerovox engineers have developed the Hyvol
Type *20 oil-filled capacitors covering voltage ratings
from 6000 to 50,000 v. D.C.W. Already many of
these capacitors are in service.

Giant Aerovox-designed and -built winding ma-
chines handle up to several dozen “papers.” Like-
wise a battery of giant tanks permit long pumping
cycles for thorough vacuum treatment, followed by
oil impregnation and filling, of the sections. The
multi-laminated kraft tissue and hi-purity aluminum
foil sections are uniformly and accurately wound
under critically controlled tension to avoid mechani-
cal strain.

The sections are connected directly across the full
working voltage. In the higher capacity units, a
plurality of sections are connected in parallel. These
capacitors are not to be confused with the series-
connected sections heretofore frequently resorted
to in attaining high working voltages. Furthermore,
due to the use of Hyvol dielectric oil, these capaci-
tors maintain their full rated capacity even at freez-
ing temperatures. Hermetically-sealed in sturdy
welded steel containers. Rustproof lacquer finish.

TYPE 7ézovT(,fk fd T o o m . .
D 60 ™ 0.1 mid 50,000 ¥ Cork-gasketed pressure-sealed glazed porcelain high-
* 0—10.0 T D-°2. ok id. tension pillar terminals.

Submit that Problem...

Regardless, whether it be for a giant high-voltage capacitor
or a low-voltage by-pass electrolytic, send along that prob-
lem for our engineering collaboration, recommendations,
quotations. Engineering literature on request.

{n Canada
AEROVOX CANADA LTD.
Hamilton, ont. P,

ick St N.
RT: 100 varick St.,
EXPO cable "ARLAB

Sales (.)ﬂi.ces. i_n Al
principal Cities
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TRIPLETT MEN AND WOMEN
S PLEDGE

HAVE SIGNED THI
TO AMERICA'S VICTORY

s us sitrong—

I WILL KEEP FIT!

The Nation need

Lost hours help our enemies.
My working time is America’s time—
{ WILL TAKE NO “«TIME-OFF”!

Carelessness causes accidents.
cost enough man-hours 1o build 15,000 bombers—

Accidents annually
| WILL BE CAREFUL!

the importance of small jobs

Some American soldier may die'ij indifference to
results in poor work—

| WILL KEEP MY INTEREST!
The future welfare of America will rest upon the in reased knowledge which will
emerge from present necessity —

1 WILL ADVANCE!

| PLEDGE that our future
for Life, W ork and Service.

These things
may be secure

*
X *

Accuracy as Ever

[')»sp'ilv the rush of present

;uchon there is no rela\"nr'ro.
c:’::;n rigid requirements o} l:("]-
rim ((‘:; l;il"c.arll:l).ralion and inspec-
\ocoml,,.(: .rll.)lﬁll instruments.
ety mise is permitted to af-

the slightest those exacti

?lamlurds which have hecome :;]g
n.nfx,rnalional Hallmark for i
cision and quality. e

TRIPLETT ELECR
ICAL INST
BLUFFTON, oimFUMENT COMPANY

Proceedin
gs of the I. R. E
: E May, 1942



PAPER CAPACITORS —at their best!

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

Armed Ser\iice Branches of our Government.

Consult Solar for prompt solution
of your paper capacitor problems

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

““QUALITY ABOVE ALL'" CAPACITORS

Proccedinys of the I, R. E, May, 1942




154 YEARS AGO, the men who drew up the Consti-
tution of the United States wrote into it this phrase:
“To provide for the common dcfense, to promote the

general welfare.”

Just what did they intend these words to mean—the
men who helped guide the first faltering steps of a
new nation?

We believe this is what they meant:

That in times of peace, it was the duty of all indi-
viduals and all industries continually to exercise their
skill and ingenuity for the benefit of the “general
welfare”—so that Americans everywhere could live

healthier, happier, better lives.

We think they meant that, should American democ-
racy ever be threatened, the defense of that democracy
then became the responsibility of every man and
woman in the United States.

Because we at Westinghouse believe this is the
meaning of those words from the Constitution, we have
lived and worked by them—and are living and working

by them today.

Westinghouse

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY,

Westinghouse contributions to the general welfare and
the common defense are many and varied. The prod-
ucts of Westinghouse “know how” range all the way
from tiny bulbs for medical instruments to thousani-
ton generators for hydroelectric power plants. And
now, devoting itself to wartime needs, that same “know
how” provides tank and plane equipment, binoculars,
bomb fuses, torpedo tubes, battleship turbines, elec-

trical instruments, and weapons of many kinds.

From engineering and science
comes our ‘know how’’

What is this Westinghouse “know how”? It is the
teamwork and experience of skilled werkmen, blended
with the knowledge and imagination of engineers. [t
is the ability to get things done in the best possible way.
In war, as in peace, Westinghouse engineering and
science are the guiding forces of our “know how.”

Already these men have turned over many inven-
tions and improvements to our armed forces. And this
work will continue day and night—until America
writes the peace that ends the war.

\mCa
8 O
8 ©

-

PITTSBURGH, PA.
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ALSIMAG

HIGH FREQUENCY
CERAMIC MATERIALS
FALL INTO & CLASSES

CLASS 1. AlSiMag 35 and 196,
the low loss steatite ceramics for
high and ultra-high frequency ap-
plications.

CLASS 2. AlSiMag 190, the
material of exceptionally high
dielectric constant,

CLASS 3. Special AlSiMag com-
positions with definite temperature
coefficients of capacity. (Not of-
fered for general use.)

CLASS 4. AlSiMag 72 and 202,
materials with low temperature co-
efficient of expansion.

CLASS 5. AlSiMag 211, 222,
393 and Lava, for vacuum and
cathode ray tube applications.

Complete physical characteristics of
the more generally used AlSiMag
and Lava bodies are detailed in
Property Chart No. 416 which is
sent free on request. The full range
of physical characteristics of these
bodies is not available from any
other single source.

/)

Tredr Mark Reg U. 4. Pt O

/J 8 AMERICAN LAVA CORPORATION

A5

CHATTANOOGA, TENNESSEE

CHICAGO @ CLEVELAND ¢ NEW YORK e ST.LOUIS o LOS ANGELES © SAN FRANCISCO © BOSTON o PHILADELPHIA ¢ WASHINGTON, D. C.
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arrying

lots of pressure

these days.. S

“’I‘ : 5
HERE is more steam up in the Bell

System than I ever remember. The wires
hum with war and wartime production.
There’s more telephoning than ever
before.
“The pressure of war and war’s work is
on-—especially on our toll lines. If you
are going to use Long Distance you can
help by —

Knowing the number you want to call.

Calling in the less busy hours — hefore

10 A. M. and after 8 P. M., for example.
“Let’s give vital war calls the right of
way and make equipment go as far as
possible, saving copper and other mate-
rials for the war.”

BELL TELEPHONE SYSTEM (ﬂ@%\
&

e
\ y
\’«‘,1‘/

“The Telephone Hour”— presenting great artists every Monday evening — N.B.C. Red Network



- 20,000 VoLTs
AT 30,000 FEET
~ WITH THIS RELAY!

CAPABLE of handling an R. F. potential of 20,000 volts at 30,000 feet altitude—yet no larger
than your hand is the new Model 3926D Bendix Vacuum Relay which takes the place of
cumbersome heavy equipment for switching antenna circuits and other relay applications.

Unparalleled reliability already has been demonstrated by the relay in thousands of installations
and the new model is even more efficient.

The Bendix Relay consists of a single pole double throw switch enclosed within a highly evacuated,
nonex glass envelope. This makes the unit entirely independent of climatic conditions, altitude, dirt or
oxidation. The arm, or armature, when actuated by an external electro-magnet, transfers the circuit from
receiver to transmitter. Because of the small mass of the armature and the small space between contacts
the transfer allows instantaneous break-in. This speed of action enables keying at 40 words a minute.
The spacing between the open contacts is approximately .015”, yet because of the high vacuum this
space is ample to stop transfer of energy between the open contacts.

Weight of the 24-volt unit, including case, is 24-ounces. The relay measures 25" x 585" x /e
overall. Coils can be supplied for any common voltage. Bendix invites inquiries regarding requirements
for circuit applications or special installation problems.

SUBSIDIARY OF BENDIX AVIATION CORPORATION

| .
DNE SYSTEMS - TRANSMITTERS o COMMUNICATION UNITS + RANGE FILTERS + CONTROL PANELS » JACK BOXES » ANTENNA SWITCHES « MICROPHONES

LSWITCHES . FABRICATION OF ELECTRICAL CABLES - INTERFERENCE FILTERS - INSTALLATION ENGINEERING - HYDRAULIC AIRCRAFT UNITS

654 aad . === o F2P et s e




* on special orders with
rigid specifications

Complete machine
shop and laboratory
facilities.

HARVEY 100-XE. 100-Watt Transmitter. Rapid frequency
shift. 10 Crystal-controlled frequencies. Withstands extreme climatic conditions.

HARVEY Radio Lahoratories, Inc.

445 CONCORD AVENUE, CAMBRIDGE, MASS.
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POSITIONS OPEN

The following positions of interest to I.R.E.

members have been reported as open on

May 10. Apply in writing, addressing_re-

&ly to company mentioned or to Box
o.

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

NOTICE TO APPLICANTS

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

BROADCAST OPERATORS

Relaxing of requirements by F.C.C. per.
mitting holders o? restricted radiotelephone
permits and Amateur Class A Licenses to
serve in broadcast stations, by having their
restricted license suitably endorsed, opens
this field of employment to many new peo-
ple—The Institute can use ten such op-
erators at once—Reply to Box 271, stating
licenses held and past experience. Immedi-
ate employment.

INSTALLATION ENGINEERS

An agency of the U. S. Armed Forces is
seeking radio installation engineers. Men
who are just graduating or with only 2
years of college as well as experienced men
can qualify. l.ocation: Metropolitan New
York. Box 270.

RADAR LABORATORY

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

Salaries range from $2000 to $3200 and
up.

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

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

CIVILIAN ORDNANCE ENGINEERS

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

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

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

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

Attention Employers . . .

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

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

|

]
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THE INSTITUTE serves those interested in radio and allied electrical communication

fields through the presentation and publication of technical material.

THE PROCEEDINGS has been published without interruption since 1913 when the first
issue appeared. The contents of each paper published in the PROCEEDINGS are the responsi-
bility of the author and are not binding on the Institute or its members. Material appearing
in it may be reprinted or abstracted in other publications on the express condition that specific
reference shall be made to its original appearance in the ProcreDINGs. 1llustrations of any

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

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

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

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

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

The Institute of Radio Engineers, Inc.

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

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

Gentlemen:

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

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

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

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

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

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

SPONSORS

(Signatures not required here)

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

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

Address

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

City and State

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

Y O AR

Address

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

City and State

Proceedings of the 1. R. E.
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MonTi During

REMITTANCE SCHEDULE

Ar}x.ll‘c,fr):on AMOUNT or Remirrance (=ENTrRANCE FEE4Dues)
REeacuis LR.E. WHICH SHOULD ACCOMPANY APPLICATION
HEADQUARTERS

Periop CoverED BY
GraDE — AssSoCIATE DuEs PAYMENT
Jan., Feb. (($7.50 (=$34%4.50*) || Apr.-Dec. (9 mo. of current

Mar.,, Apr., May
June, July, Aug.
Sept., Oct., Nov.

Dec.

6.00 (= 34 3.00°) JuY;al;Zz (6 mo. of current
4.50 (= 34 1.50°) Oc’;eaI;Zc' (3 mo. of current
9.00 (= 3+ 6.00*) Jaﬁ.c-al;:c. (entire next

7.50 (= 3+ 4.50°)

year
Apr.-Dec. (9 mo. of next
year)t

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

® Associate dues include the price of the ProceepiNnGs, as follows: 1 year,

$5.00; 9 months, $3.75; 6 months, $2.50; 3 months, $1.25. This may not

be deducted from the dues payment.

(Typewriting preferred in filling in this form) No. ..........

RECORD OF TRAINING AND PROFESSIONAL

Business Address

Home Address ..

Place of Birth ..

Education ......

Degree .........

TRAINING AND PROFESSIONAL EXPERIENCE

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

EXPERIENCE

(College)

TO APPLY FOR ASSOCIATE MEMBERSHIP

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

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section. 1f more convenient, however, the
accompanying abbreviated form may be submitted. Additional
information will be requested later on.

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

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

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

ProceepINGs as explained in the accompanying remittance
schedule,

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

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

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

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

e s e T |

SUPPLIES

BACK COPIES of the PRroCEEDINGS
= may be purchased at $1.00 per copy
where available. Members of the In-
stitute in good standing are entitled to
a twenty-five per cent discount.

VOLUMES, bound in blue buckram,

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

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

stamped in gold for fifty cents addi-
tional.

INSTITUTE EMBLEMS of fourteen-

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

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

Receipt Acknowledged ........... Filected sy wtsoee, o - Notified

4111

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

xti
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At 400 miles per hour

You'd Appreciate Metal Tubes!

A POWER DIVE in a pursuit plane
is something to write home about!
Your engines roar...the wind shrieks
and screams...the airspeed indicator
climbs past 300, 350, 400, toward
terminal velocity. As you ease back
on the stick to pull her out, enor-
mous stresses wrench at the vitals
of the plane—and at every piece
of equipment inside/

Isit any wonder that both the Army
and the Navy specify metal tubes

for military radio equipment—? Or
that RCA is now turning out metal
tubes at the fastest pace in our
history — ? For metal tubes combine
extreme ruggedness with positive
socket-contact (at the pins, where
contact should be!) along with lower
interelectrode-capacitances, greater

compactness, and efficient self-
shielding. Only metal tubes can give
the advantages of metal tubes!

With enormous quantities of RCA
Metal Tubes going into equipment
for the Democracies, you may €x-
perience difficulty or delay in the
shipment of your orders for non-
war purposes. Please be patient. For
military equipment comes first...
and military equipment needs
metal tubes!

METAL TUBES




Low insertion loss in 3.
the pass band.

2. Stable performance.

e
FILTERS

THORDARSON laboratories
huve been aective in the de-
sign and manufaeiure of
wave filters since engineer-
ing practice firnt prescribed
their une. These laboratories
have developed filters with
unusually sharp cutoff char-
acteristics. THORDARSON
wave hliers are outstanding
in the following character-
isties:

Minimum cubie size.

1. Sharp cutoff.

A typical example of unusual performance
is illusirated by the curve of stock type
T-4E05 shown below. Sharp cutoff at 7500 = S

c.p.s. + 10 db maximum level. For use on
500-600 ohm line. Dimensions: 3" x 412"

x 234", Weight 234 lbs.

e a5 A% SN A R

Confer with us on all of your
filter problems.

THORDARSON

ELECTRIC MFG. CO.

500 West Huron Street, Chicago
TRANSFORMER SPECIALISTS

SINCE 1895

Constant Yoltage

IR uNe -

_ATTENVATION IN DECIBELS

. . . undistorted!

SOLA Constant Voltage Transformers are fa-
mous for low distortion . . . Now available in
units that deliver an almost Perfect Sine I} ave

. A regulated source of Constant Voltage,
free from harmonic distortion . . . A final solu-

tion to your voltage regulation prohlems.
SOLA ELECTRIC CO.,2525 CLYBOURN AVE., CHICAGO
ask lor bulletin KCV-14

lfdl to wartime communication

SOLA CONSTANT VOLTAGE

TRAN SFORMERS

* % % % % Current Literature

New books of interest to engi-
neers in radio and allied fields—
from the publishers’ announcements.

A copy of each book marked with
an asterisk (*) has been submitted
to the Editors for possible review
in a future issue of the Proceedings
of the I.LR.E.

* AcousTic DEsiGN CHARTs. By FRANK
Massa, in Charge of Acoustic Division,
The Brush Development Company. Phila-
delphia: The Blakiston Company, April,
1942, 228 pages, illustrated, 6X9 inches,

cloth. $4.00.

* AUTOMATIC RECORD CHANGERS AND
ReEcorDpERs. By JouN F. RIDER. New
York: John F. Rider Publisher, Inc., 1941
744 pages, illustrated, 84 X 11 inches, cloth.
£6.00.

* DICTIONARY OF RADIO AND TELE-
TeErMs. By RaALpu
Brooklyn: Chemical Publishing Company,
Inc., 1941. 252 pages, illustrated, 53X7}
inches, cloth. $2.50.

VISION STRANGER.

* ELECTROMECHANICAL TRANSDUCERS
AND WAVE FILTERs. By WARREN P.
MasoN, Member of Technical Staff, Bell
Telephone Laboratories, Inc., New York:
1942
illustrated, 6X9

D. Van Nostrand Company, Inc.,
32943 index pages,
inches, cloth. $5.00.

* HANDBOOK OF TECHNICAL INSTRUC-
TION FOR WIRELESS TELEGRAPHISTS (Sev-
enth Edition). By H. M. DOowsETT and
L. E. O. WALRER. London: lliffe & Sons
Ltd.,, 1942. 65846 index pages,
trated, 5%)(8

illus
mches cloth. 25 shillings.

* MATHEMA1ICS FOR ELECTRICIANS
AND RapioMEN. By NELsON M. CookE
Chief Electrician, U. S. Navy. New York:
McGraw Hill Book Company, 1942, viii
+604 pages, illustrated, 6X9
cloth. $4.00.

inches

* OUTLINE OF AIr TRANSPORT Prac-
TICE. By A. E. BLomquisT, Transportation
Engineer, Airport Engineer, Eastern Air
Lines, Inc. New York: Pitman Publishing
Corporation, 1941. 412 pages, illustrated,
6X9 inches cloth. $4.50.

(Continued on page xvi)
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CENTRALAB CERAMIC TRIMMERS

Air Trimmer Stability 12/«4 Saving in Space and Weight

All Centralab Trimmers rate at 500 on the bearing and are under constant
V.D.C., 1500 V.A.C. peak flash test. Re- heavy friction.

main stable under excessive vibration _ , ’
without special locking devices since Write for Bulletin: Centl'alab
T —mm— _/

rotors have weight equally distributed Specify type. -

7]
Y2r [ CAPACITY RANGES:

820 (a) < 0.5 MMF to> 2.0 MMF

SRS (b) < 1.0 MMF o> 3.5 MMF
(©) < 2.0 MMF to> 6.0 MMF

a (d) < 4.0 MMF to> 20.0 MMF

(e) < 6.5 MMF to> 35.0 MMF
® (f) <35.0 MMF to> 55.0 MMF
w (g) <55.0 MMF to> 75.0 MMF
(V.8 (h) <70.0 MMF to> 90.0 MMF
b (i) <90.0 MMF to> 110.0 MMF

] : $ © d}' TEMPERATURE COEFFICIENT:

+.00023 *15% in MMF/MMF/°C. (ltems a & b)
120T0.137- -— l«.37s" l

—.0006 *£15% in MMF/MMF/°C. (Items c to i Inc)

—rT

2 MOUNTING HOLES
4-36 MACH. SCREW

3
i6 DEEP

S3N0H-2 __/

“wig . .Lir oL gir

=300%4=.28I =125

468"
! 312" [
1 l AL . 687"
REL C >
[.750" e
056"
\ () j | 025"
A (Y i

120" DIA.
2 HOLES.

| Thes F o seeH

.32 8% ,328"—1

~937°
CAPACITY RANGES:

Type 823-N —.0004 MMF/MMF/C° (—400 x 10¢)

(an) <20 MMF to> 125 MMF
(bn) <15 MMF to> 100 MMF
(cn) <13 MMF to> 75 MMF
(dn) <10 MMF to> 9 MMF
(en) < 8 MMF to> 25 MMF
(fn) < 5 MMF to> 15 MMF

[
|~.445 ~ h309"~

— 643 —

CA;ACITY RANGES:

Negative Temperature Coefficient
.0004 MMF/MMF/°C.
(an) <5 MMF to> 50 MMF
(bn) <4 MMF to> 25 MMF
(cn) <3 MMF to> 15 MMF
(dn) <2 MMF to> 6 MMF

Zero Temperature Coefficient

(az) <3 MMF to> 25 MMF
(bz) <2.5 MMF to> 13 MMF
(cz) <2 MMF to> 7.5 MMF
(dz) <1.5 MMF to> 3 MMF

VOLTAGE RATING:

500 Volts D.C.
Flash test 1500 V.A.C. peak

Type 823-Z (Zero Temperature Coefficient)

(az) <12 MMF to> 62 MMF
(bz) < 9 MMF to> 50 MMF
(cz) < 8 MMF to> 35 MMF
(dz) < 6 MMF to> 25 MMF
(ez) <.5 MMF to> 12 MMF
(tz) < 3 MMF to> 7.5 MMF

Type 823-P +.003 MMF/MMF/C° (+300 x 10°¢)

(ap) <3.5 MMF to> 7.5 MMF
(bp) <2.5 MMF to> 4 MMF
(cp) < .75 MMF to> 2 MMF

CENTRALAB: pivisioN OF GLOBE-UNION, INC., MILWAUKEE, WIS.
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Send for Ca

éHMﬂT

Rheostals
Resistors
Tap Swilches

Especially helpful today. Complete 96-page guide in the selection
: and application of Rheostats, Resistors, Tap Switches, Chokes, As-
‘ tenuators, Write on company letterbead for jyour copy today.

OHMITE MANUFACTURING CO., 4861 Flournoy St. Chicago, U.S. A,

How @HM“TE

can save yov

man hours of
Engineering and

Production Time

WIDEST RANGE OF STOCK UNITS. Ohmite produces
the widest range of types and sizes in Power Rheostats,
Resistors and Tap Switches. This facilitates selection of
the right units for most applications. It often avoids the
necessity of designing spectal units. Close Control Rheo-
stats in ten sizes from 25 to 1000 watts, Wire Wound
Resistors from 1 to 1500 watts. High Current Tap
Switches in five models from 10 to 100 amperes A.C.
There are over one thousand stock items alone available
for quick needs.

ENGINEERING SPECIAL UNITS. Because of long, spe-
cialized experience in supplying units for electronic,
scientific and industrial applications—and because of
familiarity with Government |, specifications—Ohmite
Engineers can take a "load” off your mind and your
time. Let them work with you to expedite the engineer-
ing of special units for you.

DELIVERIES. Increased plant size and productive capac-
ity are speeding up the production and delivery of
Ohmite Products for essential needs. Everything pos-
sible is being done to help win the race against time.

talog and Engineering Manual No. 40

2
E

(Continued from page xiv)

* Rapio HanpBook (Eighth Edition).
By the Editors of “Radio.” Santa Barbara:
Editors and Engineers, Ltd., 1941, 624416
index pages, illustrated, 63X9% inches,
cloth. $1.75 in Continental U.S.A.; $2.00
elsewhere.

* RADIOTRON DESIGNER's HANDBOOK

| (Third Edition). Edited by F. LANGFORD

SmiTH, Amalgamated Wireless Valve Com-
pany, Australia. Harrison: Commercial
Engineering Section, RCA Manufacturing
Company, Inc., 1941. iv+34448 index
pages, illustrated, 5}X7} inches, cloth.

$1.00.

| Special

* STANDARD FOR WET TEsTs (No. 29).
New York: The American Institute of
Electrical Engineers, November, 1941. 8
pages, illustrated, 73X 104 inches, paper.
40 cents.

* THE RaDIO AMATEUR's HANDBOOK:
Defense Edition. By HEaD-
QUARTERS STAFF of American Radio Re-
lay League, 1942. West Hartford: Ameri-
can Radio Relay League. 28048 index
pages, illustrated, 64X94 inches, paper.
$1.00.

* Basic RaDpio: The Essentials of
Electron Tubes and Their Circuits. By
J. BaArTON HOAG, Head of the Department
of Science, U. S. Coast Guard Academy.
New York: D. Van Nostrand Company,
Inc., 1942. 358421 index pages, illus-
trated, 54X8} inches, cloth. $3.28.

* THE MATHEMATICS OF WIRELESS. By
RALPH STRANGER. Brooklyn: Chemical
Publishing Company, Inc., 1942. 21045
index pages, illustrated, 54X74 inches,
cloth, $3.00.

* THE SUPERHET MaANuAL. EDITED By
F. J. CamM. Brooklyn: Chemical Publish-
ing Company, Inc., 1942, 13143 index
pages, illustrated, 5§X74 inches, cloth.
$2.50.

* AN INTRODUCTION TO THE OPERA-
TIONAL CALcuLUSs. By WALTER J. SEELEY,
Professor of Electrical Engineering, Duke
University. Scranton: International Text-
book Company, 1941. xi416143 index
pages, illustrated, 5;X8} inches, cloth.
$2.00.

* CAREER IN ENGINEERING. By LOWELL
O. STEwWART, Head of Department of Civil
Engineering, lowa State College. Ames:
Iowa State College Press, October, 1941.
92 pages, illustrated, 6 X9 inches, paper. 75

| cents.
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COMPLETE YOUR FILES OF

PROCEEDINGS
of
The Institute of Radio
Engineers

WHILE BACK ISSUES ARE STILL AVAILABLE

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

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

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

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

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

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

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

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

1921 Vol. 9 All 6 issues

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

1927 Vol. 15 Apr. to July, inc., Oct., Dec. 19360 Vol. 24 Jan. to April, inc, June
1928 Vol. 16 Feb. to Dec, inc. 1937 Vol. 25 Feb. to Dec,, inc.

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

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

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

1935 Vol. 23 All 12 issues

I.R.E. MEMBERS . . . PUBLIC AND

COLLEGE LIBRARIES POSTAGE

LR.E. members in good standing are entitled to a discount of

Prices include postage in the United
States and Canada. Postage to other

259 from the above prices. Information about discounts to ac-  countries: 10 cents per copy
credited public and college libraries will be supplied on request. )

Remittance should accompany y(;ur order

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

PRINTED IN US.A
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Help You Meet Those
"Impossible” Specifications

Sprague Koolohms’ exclusive features enable them to meet specifications heretofore
impossible — have proved particularly helpful in meeting the exact demands made
of war manufacturers. Setting new high standards of performance under adverse
salt water immersion conditions, Koolohm resistors are approved for much military
and naval equipment, for which average resistors were inadequate. Koolohms are
smaller, sturdier, better protected. Write for samples. See for yourself how accurate

are Koolohms and how long they stay accurate.

KOOLOHM Single-Layer Winding

Because Koolohm wire is ceramic insulated belore it is wound, each turn
can be wound tightly against the next. The insulation on the wire provides
absolute protection against shorts and changed values. The ceramic insula-
tion on Koolohm wire has a dielectric strength of 350 volts per mil at 400° C.I

KOOLOHM Progressive Winding

Koolohm ceramic insulated wire can be wound in high density patterned
windings giving the electric equivalent of many layers of winding without
high potential gradients.

This permits much larger wire sizes with the resultant safety factor, and
much higher resistance values in small space. For example, 7500 ohms of
2.5 mil wire, or 70,000 ohms of 1.5 mil wire in a fully rated 10 watt resistor
only 15/32” x 1-27/32” long.

Section With Ceramic Insulation Removed

The ceramic insulation now used exclusively on Koolohm wire is heat-proof
—is actually applied to the wire at 1000° C. It is so moisture-proof it can
be boiled in water — provides heretofore impossible humidity protection,

KOOLOHM Mounting Features

Although the wire is insulated before winding, Koolohms are doubly
protected. Most types are encased in a sturdy outer ceramic shell that will
not peel or chip and allows quicker, easier, time and space saving mount-
ing ldit{eclly to metal or grounded parts with complete resistor circuit
insulation.

KOOLOHM Non-Inductive Resistors

Ceramic insulated wire permits perfect interleaved Ayrton-Perry windings, reducing induct-
ance to practically negligible values, even at frequencies of the order of 60 mc. Distributed

capacitance is very small.

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

SEND TODAY
FOR CATALOG!

Catalog and samples
gent free upon re-
quest.
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The lampshade miciophone was de-
signed to prevent ‘“mike fright.”’ This
is an early scene at WGY, this year
celebrating its 20th anniversary.

THAT'S WHEN GENERAL ELECTRIC
Mokt watthours per COOLED TUBES WITH A
dollar smaller, more “MODEL T” RADIATOR*

compoct tubes; longer

lite—what General S v
Electric’s 29 years ’
in the tube business
means to you to ~y
day. Here are a few w
of the major ad- /
vancements intube

WHAT A DIFFERENCE! TODAY,

design G-E engi ) [ 1 . HARDLY A HANDFUL GIVES
neers have con ‘ ////‘)‘ 1800 WATTS OUTPUT

i
{
/

_ \

*Photo shows the first application of a water-cooled modulator—in WGY’s 1922 transmitter.

% thoriated tungsten filaments

tributed.

Y high-power, water-cooled tubes Today we are speeding the con-
% hot-cathode, mercury-vapor rectifiers quest of the ultra-highs with
% the first accurate rectifier emission test such tubes as the GL-880, GL-
% the screen-grid tube 889, and GL-8002R. Bulletin

GEA-3315C brings you the story
on our complete line of tubes

WGY today serves aboul one million radio fe q

familics 24 hours a t was the first '0!' all classes of service. General
station in the Great Nvorlhcast today it Electric, Scheneclady NewVYork
is the foremost. ’ :

% metal tubes for receivers and industrial uses

GENERAL @ ELECTRIC




tomorrow . . . more hours of capacitor use per dollar for American industry

AKE ISLAND ... Reykjavik — it
takes equipment plenty depend-
able to maintain radio communications
with the United States Marines. But it’s
being done in this war. In helping our
Armed Forces to telescope time and
space, the makers of modern radio com-
munication equipment are performing a
most important service to their fighting
Uncle Sam.
Radio communication is just one of
many strategic “Battle fronts” on which
Cornell-Dubilier capacitors serve today.

To the gigantic task of supplying the
Arsenal of Democracy, Cornell-Dubilier
is contributing more than thirty-two
yCﬂl’S cxperlcncc.

The extra dependability this back-
ground enables C-D engineers to build
into capacitors of every type for the na-
tion's nceds now, will be industry’s to
profit by more than ever as soon as peace
is won.

Cornell-Dubilier Electric Corporation,
South Plainfield, New Jersey; New Eng-
land Division, New Bedford, Mass.

Cornell Dubitier Capacitors

MORE IN USE

TODAY

THAN

ANY

MICA TRANSMITTING CAPACITORS
Copied, imitated...but never duplicated.

Types 50 to 39 Mica Capacitors arc of
improved design, adaptable and depend-
able for usc as grid, plate blocking,
coupling, tank and by-pass applications
They arc sealed in low-loss white glazed
ceramic tubes with cast aluminum end
terminals. Patented series mica stack util-
ized in the construction of these capaci-
tors climinates corona and affords uni-
form voltage gradient

OTHER

MAKE
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With the VARIAC . . . the right voltage every time

Thousands of enthusiastic users testify 1o the general usefulness of the VARIAC* comtinuously ad-
justable aute-transformer for use in hundreds of different applications where the voltage on any a-c
operated device must be set exactly right.

The VARIAC is the original continuously-adjustable. manually-operated voltage control with these ex-
clusive features found in no resistive control. \

o EXCELLENT REGULAT'ON ?ulpuf!‘é'ol!ages are independent of load wp to the full load rating of the
ARIAC.

e HIGH OUTPUT VOLTAGES VARIACS supply output voltages 15% higher than the line voltage.
o SMOOTH CONTROL —The VARIAC may be set to supply any predetermined output voliage with absolutely

smooth and stepless variation.

e HIGH EFFICIENCY Exceptionally low losses at hoth no load and at full power.

e SMALL SIZE - VARIACS are much smaller than any other voltage control of equal power rating.

»
o LINEAR OUTPUT VOLTAGE—OIH;)M voltages are continuously adjustable from zero by weans of a 320
degree rotation of the control knob.
o CALIBRATED DIALS VARIACS are supplied with reversible dials which read directly in output voltage
from zero to line voltage or from zero to 15% above line. ;
e SMALL TEMPERATURE RISE Less than 50 degrees C. for ¢ontinuouns duty,
o ADVANCED MECHANICAL DESIGN Rugged construction—no delicate parts or wires,
VARIACS are stocked in fifteen models with power ratings from 170 watts *Trad "
10 7 kw; prices range between $10.00 and $100.00. re ,'.'}:frc.'i":'fzf ASI,“}/”‘SJ}‘
. . . £k Office. VARIACS are pat-
Because practically all of our manufacturing facilities are devoted 10 War ented under S. Patent
projects. to secure any of these products a preference rating certificate féfg,‘»’,;"é",,;““fd to General
or other approved priority rating will be necessary. onipany 1

Write for Bulletin 762 for Complete Data :

GENERAL RADIO COMPANY

CAMBRIDGE, MASSACHUSETTS

GEORGE BANTA PUBLISHING COM PAN « MENASIHA, WISCONSIN




