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Receiver with Automatic Selectivity Control
. Ed
Responsive to Interference
JOHN F. FARRINGTONY, FELLOW, LR.E.

Summary— The selectivity requirements of a broadcast receiver
that must be met in order for it to perform satisfactorily under service
conditions are discussed. A superheterodyne receiver is described that
has its selectivity controlled automatically to meet these requirements.
It has intermediate-frequency selectors in which vacuum tubes are
used to adjust the coupling between tuned circuits to effect adjustment
of the selectivity. The tubes are controlled by signal-derived potentials
so that the band width increases in accordance with the strength of
the desired signal and decreases in response to undesired signals on
adjacent channels. As a result, the selectivity and the fidelity of the
receiver are maintained at optimum under all conditions of signal
strength and interference.

INTRODUCTION

UR broadcast stations transmit programs that
include frequencies up to 8000 cycles. To re-

produce these programs, a receiver must have
broad selective circuits and a high-fidelity audio-fre-
quency system. Most of the receivers on the market
are designed primarily for reception through inter-
ference; therefore, they have sharp selector circuits.
Users of such receivers never realize the benefits of
the high-fidelity broadcasts. What the listener really
should have is a receiver with adjustable selectivity
so that he can receive properly the high-fidelity pro-
grams from local stations or receive to best advan-
tage the weak stations.

But the problem is more complicated than this ap-
parently, for adjustable selectivity receivers have
been on the market for some time and yet they have
not had a great appeal. It develops that interference
and background noise determine the optimum rela-
tions between selectivity and the strength of .the
desired signals. The user of an adjustable selectivity
receiver cannot be expected to know these optimum
relations or to appreciate their importance. Conse-
quently he cannot be expected to adjust his receiver
correctly. The receiver he needs must be engineered
so that it does the job properly for him.

The special problems involved in designing such a
set will be discussed. A receiver that hasits selectivity
controlled automatically to best advantage by the
strength of the desired signal and by the relation be-
tween the strengths of the desired and interfering
signals will he described.

SPECIAL REQUIREMENTS OF RECEIVER
To obtain the full benefits and entertainment value

from wide-frequency-range broadcasts, it is necessary

* Decimal classification: R361.2 X R430. Original manuscript
received by the Institute, July 12, 1938. Presented before I.R.E.
Convention, New York, N. Y., June 16, 1938.

t Hazeltine Service Corporation, Bayside, L. I., N. Y.

April, 1939

Proceedings of the I.R.I5.

to use a receiver that accepts the full range of modu-
lation side-band frequencies without appreciable dis-
crimination and handles satisfactorily the corre-
sponding wide range of audio frequencies. There isa
further requirement that the strength of the desired
radio signal shall be well above the level of adjacent-
channel interfering signals and of noise originating in
the receiver and external thereto. When reception
conditions are not favorable as regards interference
and noise, the receiver band width must be reduced
in order that signals may be received to best advan-
tage.
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Fig. 1—Optimum receiver band width versus signal strength.

Before a receiver can be designed to provide these
selectivity adjustments automatically, the optimum
relations between receiver band width and signal
strength must be known. To determine these, tests
were made using an adjustable selectivity receiver.

Set noise of the hiss type, produced by tubes and
circuits, was found to be a definite limitation. The
curve of Fig. 1 shows the relation between the re-
ceiver band width and desired signal strength that
gives a fair compromise between fidelity of reproduc-
tion and tolerable noise background of this character.
However, a receiver that is adjusted in this manner
will have somewhat greater background noise for
weak signals than [or strong signals.

When receiving in the presence of electrical dis-
turbances originating external to the set, stronger de-
sired-signal levels than those indicated by the curve
are required for the various degrees of receiver band-
width expansion, depending on the character and
magnitude of the disturbances.

An interfering signal on a channel immediately ad-
jacent to the desired signal also necessitates limiting
the receiver band width in order to avoid cross talk
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and monkey chatter. Tests indicate that when the
interfering signal strength is equal to the desired sig-
nal strength, the band width of the receiver should
not exceed approximately 7000 cycles, that is, 43500
cycles. This figure was determined by listening to in-
terfering transmitters that were not overmodulated
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Fig. 2—Response characteristics of the intermediate-
frequency selector of the test receiver.

to the point of producing spurious side-band fre-
quencies. If the interfering carrier is several times
stronger than the desired signal, the receiver band
width should be reduced to a minimum.

The band-width figures given in the preceding dis-
cussion were obtained with a superheterodyne re-
ceiver having a fairly broad radio-frequency selector
and an audio-frequency amplifier and loud speaker
that handled efficiently frequencies out to 8000 cy-
cles. The chief selectivity resided in the intermediate-
frequency selector system. Its band width was con-
tinuously adjustable between limits of 41600 cycles
and %8500 cycles by a manual control. Typical re-
sponse characteristics of this selector are shown in
Fig. 2. The band widths were measured at frequen-
cies at which the output was one half the mid-band
frequency response. The sensitivity of this receiver
was about 2 microvolts and the noise about 0.5 mi-
crovolt at the minimum band-width adjustment of
4 1600 cycles.

DEsSIGN oF RECEIVER

With these performance requirements as a guide, a
superheterodyne receiver was produced that had the
special features shown in the circuit diagram of Fig.
3. To simplify the explanation, the various special
circuits are shown as independent of one another.
Modifications that reduce the number of tubes are
indicated later.

The signal circuit of the receiver includes a tunable
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radio-frequency  selector-amplifier and frequency
changer, a two-stage adjustable band-width inter-
mediate-frequency amplifier, and a high-fdelity au-
dio-frequency amplifier and associated sound repro-
ducer. With the exception of the intermediate-fre-
quency sclector-amplifier, these components are of
conventional design except that they handle effi-
ciently modulation frequencies up to 8000 cycles.

Adjustable Band-Width Selector

The chief selectivity of the receiver resides in the
adjustable band-width intermediate-frequency se-
lector units. There are two of these and they are sub-
stantially identical. Each selector includes a pair of
resonant circuits (p), tuned to the intermediate fre-
quency of 455 kilocycles. These are coupled by two
vacuum tubes, the intermediate-frequency amplifier
tube that operates in the direction of travel of the
signal through the receiver and the band-width con-
trol tube that operates to feed back energy from the
output tuned circuit to the input tuned circuit of the
amplifier tube. The coils that couple the feed-back
tube to the selective circuits are poled so that the
feedback is degenerative at the resonant frequency
of the circuits and becomes regenerative as the fre-
quency departs either way from the resonant fre-
quency.

The coupling between the selective circuits that
is effective in determining the band width of the se-

ASC Selector - Amplifier

[t i

T o
Tunable R-F 2p p

Selecto TAMP -

1
|
1
an ! =
J;_ Freq. Changer| ; L
E - T
}
I
: Cnnr.mJH
I
'

= BW 4
Expansion
it Ave Bias |

—{A F. Amplifier
and
Loud Speaker

0K AR Canfracian |

Delayed BW Expansion Blas

densitivity
Lontral

Fig. 3—Receiver with automatic selectivity
control responsive to interference.

lector is proportional to the mean of the mutual con-
ductances of the two tubes. Therefore, the transmis-
sion-frequency band of the selector can be regulated
automatically by controlling the mutual conduct-
ances of these tubes with signal-derived bias poten-
tials. This will be treated later.

In the absence of signal input to the receiver, the
amplifier tube has a fixed normal-bias potential that
produces its rated mutual conductance and the con-
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trol tube has a fixed bias potential that reduces its
mutual conductance substantially to zero. With these
potentials on the tubes, the selector has a minimum
band width determined by the power factors of the
two tuned circuits, and the stage gain is a maximum.
A positive control potential applied to the grid of the
control tube will increase its mutual conductance so
that it functions to broaden the band width of the
selector and to reduce the gain through the stage,
thus effecting both selectivity control and gain con-
trol. The algebraic sum of the grid potentials applied
to the control tube should never be less than the
rated negative potential.

The response characteristics of a single-stage se-
lector as a function of the mutual conductance of the
control tube are given in Fig. 4. The characteristics
become double-peaked because of degenerative ac-
tion produced by the control tube at the resonant
frequency of the tuned circuits and regenerative ac-
tion at the off-resonant frequencies. The gain is re-
duced by increasing the mutual conductance of the
control tube, just as though the tuned circuits were
detuned symmetrically.

To secure flat-top expansion characteristics in the
selector system, a third tuned circuit (2p) is included
as part of each stage. This tuned circuit has twice the
power factor of the other two selective circuits. It is
coupled loosely to one of the sharper circuits to avoid
widening unduly the over-all selectivity. The result-
ing response characteristics of a three-circuit selector
are shown in Fig. 5.

When the selector is operated in the expanded
band-width condition by the application of a positive
control potential to the control tube, the band width
may be contracted by impressing a negative cogtrol
potential on the amplifier tube to reduce its mutual
conductance. Contraction of the band width in this
manner does not affect materially the gain at the
resonant frequency of the selector unless the band
width is reduced below the condition corresponding
to optimum coupling, when gain reduction becomes
quite pronounced.

The two automatic-selectivity-control stages are
connected in cascade by coupling the output tuned
circuit of the first stage to the input tuned circuit of
the second stage, using less than optimum coupling
to avoid unnecessary widening of the selectivity
characteristics.

Band-Width Control Circuits

Control of the adjustable intermediate-frequency
sclector-amplifier system to achieve the desired re-
ceiver operation is effected by the several control cir-
cuits shown in the diagram of Fig. 3.

Farrington: Automatic Selectivity Control
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For controlling the receiver band width in accord-
ance with the strength of the desired signal, the au-
tomatic-selectivity-control diode is used to develop
a signal-derived positive potential for actuating the
control tubes. To insure band expansion in accord-
ance with the curve of Fig. 1, adequate gain from the
antenna to this diode must be provided. To prevent
appreciable expansion of the band width for signals
stronger than 5 or 10 millivolts, it is necessary to
limit the amplitude of the intermediate-frequency
carrier wave developed by the frequency converter
and applied to the intermediate-frequency system.
The first automatic volume conirol operating on the
radio-frequency amplifier and on the frequency con-

Response Characteristics of an ASC Sefector-Amplifier Stage
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only.

verter tubes accomplishes this. The gain between the
antenna and the first automatic volume control diode
is adjusted so that the control is effective only for
signals greater than 1 millivolt.

Contraction of the receiver band width in the pres-
ence of a strong interfering signal on a channel ad-
jacent to the desired signal wave is effected by the
10-kilocycle conmiraction control. A negative control
potential developed by the 10-kilocycle diode is ap-
plied to one or more of the amplifier tubes of the in-
termediate-frequency selector system. This poten-
tial is derived from the 10-kilocycle wave that is pro-
duced by the signal detector when the interfering and
desired carrier waves are both present. The 10-kilo-
cycle wave is selected from the audio-frequency out-
put by circuits sharply resonant to this frequency.
The control potential thus is substantially unaffected
by side-band signal components associated with the
desired carrier wave, so spurious operation does not
occur when high-frequency modulation components
of large amplitude are present. The take-off point for
the 10-kilocycle wave precedes the audio-frequency
volume control in order that the action will not be
affected by volume-level adjustments. A reasonable
amount of gain at 10 kilocycles is provided so that
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the control will operate even when the intermediate-
frequency selector system is contracted sufficiently
to provide considerable attenuation of the adjacent-
channel interfering carrier wave.

Additional band-width contraction by an interfer-
ing signal also is obtained from the first automatic
volume control when the selective circuits associated
with it are made broad enough to accept the ad-
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Fig. 6—Over-all electric fidelity versus signal strength,

jacent-channel carrier wave. The potential produced
by the interfering carrier wave reduces the gain of
the radio-frequency amplifier and frequency con-
verter at the desired-signal frequency and thus causes
the signal level to fall at the automatic-selectivity-
control diode, thereby contracting the band width.
To meet conditions where external noise levels are
appreciable and necessitate delaying band expansion
until the desired-signal level is greater than that re-
quired in the presence of set noise alone, additional
controls are required. Two methods of accomplishing
the desired results are shown in the receiver diagram.
The sensitivity conirol delays the band expansion
by a definite amount. This control takes the form of a
manually adjustable negative bias potential that is
applied to the grids of the radio-frequency amplifier
and frequency-changer tubes. Alternatively a posi-
tive potential may be applied in the cathode circuits
of these tubes. By increasing the bias potential the
sensitivity of the receiver is reduced so that stronger
signals are required to produce a given intermediate-
frequency output from the frequency changer, and
consequently the expansion of the intermediate-fre-
quency selector system is delayed. When external
noise is consistently present, this form of control
meets service conditions since it is futile to attempt
to use a highly sensitive receiver in a noisy location.
In locations where noise is intermittent, the user
of the receiver may forget to cut out the sensitivity
control when the noise is not present, and thus fail
to hear acceptable weak signals. To meet this condi-
tion a signal-derived negative bias potential may be
obtained from the automatic-selectivity-control de-
lay diode and applied to the radio-frequency ampli-
fier and frequency changer to delay the expansion.
The amount of delay may be regulated by the po-
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tentiometer to suit particular conditions. This ar-
rangement leaves the sensitivity of the receiver
unaflected, since the bias is nil when the signals are
weak.

OVER-ALL PERFORMANCE CITARACTERISTICS

Interesting performance characteristics of this re-
ceiver are shown in the following figures by curves
based on over-all electrical fidelity measurements
that are indicative of the performance of the auto-
matic-selectivity-control system in regulating the re-
ceiver band width.

Electrical Fidelity Curves

Fig. 6 shows over-all electrical fidelity curves ob-
tained at various levels of desired-signal strength; the
sensitivity controls being inoperative and interfering
signals being nil. It will be observed that the fidelity
improves gradually with increasing signal strength
until nearly the maximum is reached at approximate-
ly 3000 microvolts input, and that for signals above
this level the fidelity remains substantially constant.
Since in this receiver the frequency characteristic of
the audio-frequency system was flat beyond 8000
cycles, the fidelity curves show substantially the per-
formance of the adjustable-band-width selector sys-
tem.

Effect of Interfering Signal

In Fig. 7 are curves showing the band width and
the fidelity of the receiver as affected by an interfer-
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Fig. 7—Effect of adjacent-channel interfering
signal on the contracting band width.

Curve Desired-signal input
Decibels below 1 volt
80
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40
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UL DO =

Solid curves

10-kilocycle automatic selectivity control and first auto-
matic volume control operating.
Dash curves

10-kilocycle automatic selectivity control not in use.

ing signal on an adjacent channel. The ordinates of
these curves are the fidelity as determined by the
frequency at which the audio-frequency output is
one half the 400-cycle output. Also they are one half
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of the receiver band width as measured at half the
resonant-frequency response. Each curve has as a
fixed parameter the strength of the desired signal,
and as the variable the strength of an interfering sig-
nal 10 kilocycles removed from the desired signal.

The solid-line curves are with the 10-kilocycle and
first automatic volume comtrols operating. When the
interfering signal is weak the band width of the re-
ceiver is unaffected by the interference. The terminal
points of the several curves for the various levels of
desired-signal strength indicate the normal band
width of the receiver in the absence of interference.
As the interfering-signal strength increases the band
width of the receiver is reduced. When the interfer-
ing-signal strength is equal to the desired signal
strength, the receiver band width is cut to approxi-
mately +3500 cycles. This meets the performance
requirements determined by the preliminary investi-
gation. Further increase in the interfering signal re-
duces the band width still more until it reaches the
minimum value of about #1600 cycles, which is the
limit of contraction procurable in this receiver. This
performance is deemed satisfactory.

The dotted curves in the figure show the action of
the first automatic volume control alone. The con-
traction produced by the interfering signal is much
less pronounced and does not meet sufficiently well
the requirements as previously outlined.

The importance of the 10-kilocycle control is ap-
parent.

Effect of Band-Expansion Delay Controls

The action obtained with the band-expansion de-
lay controls is illustrated by the curves of Fig. 8 The
ordinates are the same as in Fig. 7.

Curve A shows the normal performance without
the controls. It approaches quite closely the preferred
characteristic determined from the preliminary ex-
periments with the manually controlled adjustable-
selectivity receiver.

Curves B and C respectively show the effect of the
sensitivity conirol and of the automatic selectivity
delay control. The sensilivity control delays the band
expansion by a definite amount throughout the entire
range of desired-signal strength. The automatic selec-
tivity delay control retards the expansion in a some-
what less desirable manner. The effect at low signal
levels is not as good and the band widths obtained
for strong signals are limited unnecessarily.

Both controls have advantages and disadvantages.
They provide for a wide variety of reception condi-
tions. Probably only one control is necessary to meet
most operating requirements.
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Tuning Characteristics

In tuning the receiver to a steady strong signal an
effect somewhat like automatic-frequency-control
action is obtained. As the receiver is brought near the
desired signal, the adjustable-selectivity circuits op-
erate to expand the receiver band width toward the
signal with the result that over a reasonable tuning
range the signal is heard clearly.

When receiving fading signals it is important that
the set be tuned properly to the desired signal in or-
der that distortion of the audio-frequency signal will
not be produced by the carrier falling on the side of
the selectivity characteristic as the band width con-
tracts with the fading signal. On this account either
automatic frequency control or a selective tuning in-
dicator is a desirable element in the receiver.
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Fig. 8—Effect of controls for delaying expansion.

When tuning the receiver in the presence of ad-
jacent-channel interfering signals, the 10-kilocycle
band-contraction control is a definite tuning aid in
that it serves to reduce the receiver output when the
set is tuned between stations. This action takes place
because between stations the 10-kilocycle beat note
is greatest and consequently it produces a substantial
contraction of the band width of the intermediate-
frequency selectors and a marked reduction of the
gain through them.

DESIGN SIMPLIFICATIONS

It is practicable to build a receiver having the de-
sired special operating characteristics without em-
ploying as many tubes for the adjustable-selectivity
selectors and their control circuits as were shown in
the diagram of Fig. 3.

For example, the two control tubes used in the in-
termediate-frequency selectors can be triodes con-
tained in one envelope. A 6N7 tube is satisfactory for
this purpose. It is even possible to build an adjustable-
band-width selector using only the intermediate-fre-
quency amplifier tube, although the selector then is
somewhat critical to adjust initially.

A 6B8 tube can be used simultaneously as the first
automatic-volume-control intermediate-{requency
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amplifier and rectifier and as the 10-kilocycle ampli-
fier and rectifier without trouble.

Other savings in tube complement can be effected
by taking the intermediate-frequency energy for the
automatic-selectivity-control diode and for the aufo-
matic-selectivity-conirol delay diode from the output
of the intermediate-frequency system.

If the automatic-selectivity delay control is not used,
this saves a diode.

Such simplifications have been carried out suc-
cessfully in practice.
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Radiotelephone System for Harbor and

. *
Coastal Services
C. N. ANDERSONY, FELLOW, LR.E., AND H. M. PRUDENT, NONMEMBER, L.R.E.

Summary—Radiotelephone service with harbor and coaslal vessels
is now being given through coastal stations in the vicinities of seven
large harbors on the Atlantic and Pacific coasts with additional sta-
tions planned. The system is designed to be as simple as possible
from both the technical and operaling standpoints on both ship and
shore.

Recent developments in the shore-station design eliminates all
manipulations of the controls by the technical operator. This is made
possible principally because of crystal-controlled frequencies on shore
and ship, a “vogad” which keeps the transmitting volume of the shore
subscriber constant, and a “codan” incorporated in the shore radio
receiver which will operate on signal carrier but is highly discrimina-
tory against noise. A signaling system permits the traffic operator to
call in an individual boat by dialing the assigned code which rings a
bell on the particular boat called. The ship calls the shore station by
turning on the transmitter. The radio signal operates the codan in
the shore receiver which in turn lights a signal lamp in the traffic
switchboard.

Gradually the system has been taking on more and more the as-
pects of the wire telephone system.

OON after radiotelephone service for trans-
oceanic ships was inaugurated!? in December,
1929, steps were taken to establish a supple-
mental service for harbor craft and coastal vessels.
In 1933, radio representatives of the United States
and Canadian governments agreed to a tentative
plan for frequency and location of stations to pro-
vide service for the Atlantic, Pacific, Gulf, and Great
Lakes. This plan called for United States stations
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Fig. 1—System of radiotelephone shore stations for
United States coastal service.
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located near the harbors of Boston, New York, Nor-
folk, Charleston, Miami, St. Petersburg, New Or-

* Decimal classification: R510. Original manuscript received
by the Institute, June 10, 1938, Presented, LRI, Convention,
New York, N. Y., June 18, 1938.

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

' W. Wilson and .. Iispenschiced, “Radiotelephone service to
ships at sea,” Bell Sys. Tech. Jour., vol. 9, pp. 407 428; July,
(1930).

2 . N. Anderson and [, E. Lattimer, “Operation of a ship-
shore radiotelephone system,” Proc. LR, vol. 20, pp. 407-
433 March, (1932).
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leans, Galveston, Los Angeles, San Francisco, As-
toria, and Seattle. Fig. 1 shows the estimated service
ranges of stations so located, taking into considera-
tion the smaller ranges of the southern stations be-
cause of increased radio noise. The solid lines indi-
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Fig. 2—Gencral system schematic for harbor and
coastal radiotelephone service.

cate the Bell System stations now in service, namely,
Boston, New York (two stations), Norfolk, Miami,
Los Angeles, San Francisco, and Seattle.

Service to harbor and coastal vessels presents cer-
tain unique requirements which the system has been
designed to meet. In the first place, the service is
principally local with relatively few vessels venturing
more than two or three hundred miles {rom shore so
that the service area of any one station can be re-
stricted. Second, the bulk of the potential service is
with small vessels with limited space and personnel.
Furthermore this type of vessel requires that the
service be inexpensive. All of these requirements
pointed to one main consideration: to make the sys-
tem as simple as possible from both the technical and
operating standpoints on both ship and shore.

The system for any one station (IFig. 2) consists,
in general, of a shore radio transmitter, one or more
shore radio receivers, wire lines extending back to a
telephone toll office, the control and combining
equipment, and the traffic switchboard for connect-
ing the radio circuit to the wire telephone network.
The ship stations consist, in general, of a radio trans-
mitter, a radio receiver, a handset, possibly a small
control unit and, in some cases, a sclective-signaling
sclector. In many respects, the operation of the sys-
tem appears to the subscribers quite similar to the
land telephone system. The shore subscriber is gen-
erally unaware that he is speaking over a special
circuit. With some ship cquipments, a bell rings
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when the ship subscriber is wanted on the phone and
lifting his handset off the hook puts his equipment
1In operation.

This paper discusses some of the fundamental tech-
nical considerations involved in the system design
and the steps leading up to improved equipment
requiring minimum manipulation on the part of the
technical operator.
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Fig. 3—Comparison of overland and overwater radio transmis-
sion, Green Harbor, Massachusetts. Frequency, 2590 kilo-
cycles, radiated power, 200 watts.

FREQUENCY CONSIDERATIONS

One of the earliest considerations in planning the
harbor and coastal service was that of frequencies to
be employed. As early as 1926, the Bell Telephone
Laboratories made a rather elaborate survey of New
York Harbor on various frequencies from 1500 to
12,000 kilocycles. By 1930, however, the utility of
various frequencies for various types of services was
fairly well established and indicated that for the
limited ranges required, the most satisfactory fre-
quencies lay between two and three megacycles.
Ground-wave transmission on these frequencies pro-
vides reasonably reliable transmission over entire
salt-water paths out to about three hundred miles.
Also, daytime noise is lower in this frequency range
than on either higher or lower frequencies. The
present plan of the Federal Communications Com-
mission provides for ten 8-kilocycle ship-to-shore
channels between 2108 and 2208 kilocycles and ten
shore-to-ship channels between 2504 and 2600 kilo-
cycles. In addition, a ship-to-ship communication
channel is provided on 2738 kilocycles.

One ship-to-shore channel frequency and one
shore-to-ship frequency is assigned to each shore
station and such vessels as work more than nne shore
station have to change their transmitting and receiv-
ing frequencies. This is no particular disadvantage
as far as equipment for those vessels is concerned as
present sets provide a multifrequency arrangement.
However, the limiting factor in expediting service is
the shore station. With the shore channel frequencies
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fixed, the waste of time incurred in shifting fre-
quencies is eliminated, the shore radio transmitter
is simpler, only one receiving frequency need be
monitored on shore which is especially important
when a plurality of shore receivers are used, and the
radio equipments on shore and ship are always lined
up without any question as to frequency. In addition,
interference from other stations is avoided, advan-
tage can be taken of geographical spacing to avoid
interference between stations on adjacent channel
frequencies, and ship-to-ship calls can be handled
through the shore station with the latter acting as
a repeater.

TRrRANSMISSION CONSIDERATIONS

The transmission range on a given frequency is
primarily dependent on three factors, namely, type
of transmission path, radio noise conditions, and the
radiated transmitter power. Some idea of the effect
of the type of path upon radio transmission may be
had from Fig. 3, showing the signal fields obtained
from a single vertical antenna at the Boston station
at Green Harbor, Massachusetts, for overwater and
overland paths. The attenuation over sea water
differs from the inverse-distance values by only 0.06
decibel per mile whereas the fields, even for the first
mile of overland transmission, are attenuated 9 or 10

~Z

Fig. 4—Radiotelephone shore station at Seattle, Washington.

decibels. At 10 miles, the difference between over-
land and overwater fields is nearly 40 decibels, a
ratio of 100 to 1. Beyond 40 or 50 miles, sky-wave
transmission tends to raise the overland field some-
what, thereby decreasing the differential. It is evi-
dent that the shore stations should be located so as
to avoid land in the transmission paths, particularly
near the radio terminals. Consequently, all the shore
radio stations, both transmitting and recelving, are
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located at or near the water’s edge. This isillustrated
by the Seattle, Washington, station shown in Fig. 4.

Radio noise may be classed as natural, commonly
called static or atmospherics, and industrial. Fig. 5
shows the diurnal variation in static in terms of the
signal field required for a commercial circuit. In the
daytime, signal fields of only one or two microvolts
per meter (0-6 decibels above 1 microvolt per meter)
may be satisfactory for commercial circuits whereas
at night, fields of 30 decibels above 1 microvolt per
meter or more may be necessary. Although static
cannot be avoided, much can be done to avoid in-
dustrial noise. In order not to penalize service unduly
or limit the service range during the daytime when
static is low, the receiving location should be as free
from industrial noise as possible. For rural sections
this is not difficult, but inasmuch as an important
part of the service area is usually a busy harbor, the
radio stations must often be located in an urban
section. At all the stations, noise surveys were made
before final selection to insure satisfactory daytime
service with fields at least as low as 15 decibels
above 1 microvolt per meter. In most cases, condi-
tions are materially better than that.

A 50-watt boat set radiating 10 watts will give a
field of 15 decibels above 1 microvolt per meter at a
distance entirely over sea water of about 300 miles.
For a 15-watt set radiating 1 watt, this distance is
reduced to about 200 miles and for a 400-watt trans-
mitter radiating 200 watts, the distance is increased
to 450 miles. These figures give the order of daytime
over-sea-water ranges which might be expected and
are fairly reliably attained. At certain times of day,
particularly in the early evening when the signal sky
wave has materially increased and before the noise
has reached its maximum, these ranges may occa-
sionally be doubled or even tripled. On the other
hand, when land constitutes a substantial portion of
the transmission path, the transmission range may
be reduced to the order of 10 miles for the 15-watt
set and to 50 miles for the 400-watt set.

SuIp-STATION REQUIREMENTS

As explained previously there are three important
considerations regarding this service from the stand-
point of the large bulk of the potential users which
affect the ship-set design, namely, range, available
space aboard ship, and simplicity of operation.

With coastal stations 300 to 500 miles apart, a
300-mile range for the ship set for coastal service
should be sufficient in most cases. This means a 50-
watt set with a reasonably good antenna. IFor short-
range harbor service, lower powers such as 15 watts
or less may be adequate, particularly in view of the
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possibility of remotely controlled receiving stations
as will be explained later.

Fortunately, the space available varies roughly as
the range requirements. That is, the vessels which
travel the greater distances are usually the larger
ones. Vessels requiring 50-watt sets therefore gener-
ally have a little more room available than do vessels
which can get along with 15-watt sets. However, in
any case, most of the vessels are small and space of
any kind is usually at a premium. In general, there-
fore, the sets should be as small as possible and de-
signed so that they may be mounted in out-of-the-
way corners or lockers.
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Fig. 5—Diurnal variation in noise in terms of signal field required
for commercial circuit. Frequency, 2500 kilocycles, Forked
River, N. J., October, 1931.

In order that the ship’s personnel be able to
operate the equipment, it must be simple to operate
and be sufficiently reliable so as not to require any
maintenance attention while the vessel is away from
the home port, which may be several weeks. For the
sake of simplicity, the operational controls consist
generally of a switch for turning the equipment on
or off, a volume control, a simple method for shifting
frequencies when necessary, and a handset push
button to be pressed when talking. In some cases this
push button is unnecessary as speech itself is used to
switch the antenna to the radio transmitter and to
control the transmitting carrier. The transmitter is
in operation only when the handset is removed from
its cradle. In order to avoid the necessity for the
ship’s personnel to monitor the shore station con-
tinuously, selective signaling is available at most
shore stations whereby the shore-station traffic
operator can dial any individual vessel suitably
equipped and ring a bell on the boat.

IFor coastwise vessels, it is necessary to change
hoth transmitting and receiving frequencies as the
vessel proceeds from the service area of one shore
station to that of another. In general, this need not
be a quick change. An additional frequency require-
ment for the hoat sets involves the use ol a frequency
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for direct boat-to-boat calls, namely, 2738 kilocycles.
Arrangements for such calls may be made through
the shore station or direct between ships on a sched-
ule basis. It should be possible to make a reasonably
quick shift to the boat-to-boat frequency, preferably
with automatic restoration to the shore-station fre-
quency upon the completion of the call.

RECEIVER
BAY

CONTROL BAY

BATTERY SUPPLY
FUSES AND LAMPS

LINE TERMINATING
VODAS AND BATTERY
SUPPLY COILS,ETC

VODAS
RELAYS

RADIO
RECEIVER

CODAN{ ; s
MONITORING g
RECEIVER BATTERY{ o >

AMPLIFIER
MODIFIED

TEST OSCILLATOR
AND ORDER WIRE
TELEPHONE SET

VOLUME INDICATOR

TRANSMITTING AND
RECEIVING VOLUME
AND TRANSMITTING
AND RECEIVING
AMPLIFIER DETEC-
TOR SENSITIVITIES

SUPPLY CONTROL

RECEIVING
AMPLIFIER
DETECTOR

TRANSMITTING
AMPLIFIER
DETECTOR

¥ T TR i LS 1 __T. = /
Y—_— N Y e 5 -

Fig. 6—Early design of radio receiver and control terminal for
harbor radiotelephone station.

No provision need be made for the boats monitor-
ing on a distress frequency. Arrangements are made
at each shore station for distress calls to be routed
directly to the local life-saving agency, usually the
United States Coast Guard, and the system put at
their disposal for the duration of the emergency.

SHORE-STATION EQUIPMENT CONSIDERATIONS

Prior to the consideration of radiotelephone service
for small vessels, the shore radio system consisted of
separate radio transmitting and receiving stations
and a control terminal with personnel at all three
points. It was apparent that the expense of three
stations was too great to enable service to be given
at a rate low enough to attract any business. One of
the early requirements was, therefore, to combine
the three units of the terminal with one attendant
to make such receiver, transmitting volun%, and
sensitivity adjustments on each call as were necessary
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and to maintain the apparatus in good operating
condition. The only other person required for the
operation of the shore terminal was the traffic oper-
ator. Fig. 6 shows the technical operating position
for such a terminal.

In order to simplify operation still further, the
next step was to eliminate all manipulations of the
receiver and the control terminal. Eliminating the
receiver controls would permit the radio receiver to
be located at some remote point and materially
simplify the receiver location problem. Fortunately,
the frequency from the boat transmitters to shore
was fixed and usually crystal-controlled. The shore
receivers could, therefore, also be crystal-controlled,
thereby making any tuning adjustment unnecessary.
Automatic-volume-control circuits had been devel-
oped to a point where volume adjustments were not
required. In receivers equipped with automatic vol-
ume control, the receiver gain varies inversely as the
strength of the signal. With no signal, as when the
ship’s transmitting carrier is off, the gain is maximum
and noise is amplified accordingly. To prevent these
bursts of noise from disturbing the shore subscriber
or from falsely operating the switching relays, a relay
operated from the automatic-volume-control circuit
of the receiver was used to cut off the receiver output
except when a transmitting carrier was present. This
device is called a “codan” from the initial letters of
the words “carrier-operated device anti-noise.” The
sensitivity of the device was adjusted just below the
operating point on noise. If noise were constant
throughout the day and seasons, one such adjustment
would suffice. However, if the sensitivity is adjusted
for high nighttime noise, and higher signal fields too,
incidentally, the codan would not operate on the
weak daytime fields although, because of the low
daytime noise, these fields would be satisfactory for
service. The design of an unattended receiver, par-
ticularly with regard to a codan which would not
operate on noise with the receiver at full sensitivity,
was one of the major problems of the development.

A receiver capable of unattended operation is also
the solution to another problem, namely, the ex-
tension of the service area for low-powered ship sets.
For example, in New York harbor, the service area
from 15-watt boat sets with a single receiving site,
Staten Island, extends from below about 60th Street
in the Hudson and East rivers to, say, Sandy Hook.
The shore transmitting range is, however, consider-
ably greater. With receivers at Perth Amboy, White-
stone Point, and near Port Jefferson, the service
range of a 15-watt set has been increased to include
not only New York Harbor, but nearly all of Long
Island Sound as well. Putting it another way, the
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use of three additional shore receiving stations has
meant a material increase in the number of potential
users of the service as a low-powered set will now be
adequate for many boat owners who could not afford
the higher-powered and more expensive boat sets.

With the necessity of shore-station receiver adjust-
ments eliminated, the only other technical operating
control of importance is the control of the speech
volume from the shore subscriber. Various talkers
and various land lines result in a wide variation in
speech volumes delivered to the control terminal.
These volumes must all be adjusted to modulate the
radio transmitter adequately and avoid overloading
with its accompanying spurious radiation. A device
which would compensate for these variations in
speech volume would relieve the technical operator
of a tedious job and permit him to attend to his other
duties without interruption at each call. Such a de-
vice is the vogad, voice-operated gain-adjusting
device.

With routine operation of controls by a technical
attendant unnecessary, with means provided for
selectively signaling a particular boat or group of
boats, with automatic switching controls, alarms,
and signals, the system has gradually been taking on
more and more the aspects of the wire telephone
system.

Radio Transmitting Station

The shore radio transmitting station consists of the
radio transmitter, rectifier, antenna radiating sys-
tem, transmitting-line amplifier, and miscellaneous
control equipment. In some cases a gas-engine-
driven alternator is used for emergency power supply.

The transmitter is a 400-watt Western Electric No.
9C radio transmitter. A photograph of this trans-
mitter together with its associated rectifier and an-
tenna tuning unit as installed at New York is shown
in Fig. 7.

Either a current-fed or a voltage-fed antenna® may
be used. A current-fed antenna may consist of a 60-
to 100-foot vertical conductor with or without a
horizontal top, suspended from one or more poles or
towers. An antenna tuning unit is used for coupling
the 500-ohm transmitter output to the low-imped-
ance antenna. Buried ground systems may or may
not be used depending on soil conditions. Often the
stations are located on a salt-water marsh or so close
to sea water that an extensive ground system is not
essential. Our experience with voltage-fed antennas
for this frequency range is limited to the installation
at Norfolk. A standard steel 80-foot flagpole is fed

3 J. F. Morrison and >, H. Smith, “The Shunt-Excited An-
tenna,” Proc. 1.R.E., vol. 25, pp. 673-696; June, (1937).

by means of a single-wire transmission line connected
to the pole about 20 feet above the ground. Such an
antenna is particularly suitable from the appearance
standpoint when it is desired to locate the trans-
mitting station in a residential section.

The transmitter can be turned on or off either
locally or remotely. Provision is also made for per-
mitting the transmitter to operate in a “stand-by”
condition with reduced filament current and no plate
voltage. This permits the transmitter to be operated
with full power without the 30-second delay involved
in starting from the completely “off” condition.
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Fig. 7—Radiotelephone transmitting station for
harbor and coastal service.

Radio Receiving Station

The radio receiving station in its simplest form
consists simply of a radio receiver and antenna with
telephone and power connections. An emergency
power supply and a test oscillator may be added.

The fact that the radio receiver may be operated
unattended permits the entire equipment to be
placed in a housing and mounted on a pole as is
shown in Fig. 8. This not only reduces the expense of
the receiving site and building but also simplifies the
probiem of locating receivers at advantageous points.

The receiver is a Western Electric No. 23A radio
receiver and has been described elsewhere.* It may
e operated on either alternating- or direct-current
supplies and its outstanding feature is the codan
which does not operate on noise and permits the re-
ceiver to be operated over a wide range of noise con-
ditions without readjustment.

The test oscillator, mounted above the receiver, is
crystal-controlled at the frequency of the incoming
carrier. The output may be modulated with 1000

¢ H. B. Fischer, “Remotely controlled receiver for radiotele-
phone systems,” Proc. I.R.E., this issue, pp. 264-269,
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cycles. The purpose of this oscillator is threefold
namely, (a) for testing whether the receiver is oper-
ating properly (output, tone-modulated); (b) for
testing the frequency deviation of the incoming sig-
nal (unmodulated output), and (c) for signaling back
to the control point when emergency power is being
used and when regular power is restored (tone-
modulated output).

Fig. 8—Unattended radiotelephone receiving station
for harbor and coastal service.

The emergency power supply consists of a 120-
ampere-hour storage battery, kept charged by a
trickle charger, which supplies filament currents and
operates a dynamotor for the 200-volt plate supply.
This supply can handle the load for about eight
hours.

CoNTROL TERMINAL

The control terminal of a radiotelephone system
connects the two-wire line from the switchboard to
the circuits associated with the input of the trans-
mitter and output of the receiver.

This terminal performs the following functions:

1. Prevents reradiation of received speech and
noise on normal calls.

2. Regulates volume of transmitted speech to ob-
tain full modulation of the transmitter.

3. Provides for selective calling of ships.

4. Signals traffic operator for incoming calls from
ships.

5. Provides for turning the transmitter on or off.

6. Provides for turning on the receiver test oscil-
lator, either for testing receiver operation or ship
transmitting frequency.

7. Provides transmitter power alarms and moni
toring means for determining transmitter frequency
and approximate modulation and radiation\

8. Provides for connecting the receiving and trans-

mitting circuits together to permit the shore station
to act as a repeater for ship-to-ship calls using the
ship-shore frequencies.

In its simplest form the control terminal might
consist of a hybrid coil for combining the trans-
mission circuits and limiting reradiation of received
voice currents. In practice, however, such a control
terminal would be unsatisfactory because it would
not permit adjustment of the transmitting gain over
a sufficient range without causing excessive reradia-
tion of received speech and noise.

The earlier type of harbor telephone terminal em-
ploys the circuit arrangement shown in Fig. 9. This
terminal is shown in the photograph Fig. 6 and em-
ploys a somewhat simplified version of the voice-
operated device used on the long transoceanic cir-
cuits.® This type of terminal requires the constant
attention of a technical operator during calls to
operate the controls. Since the most important con-
trol is that for maintaining transmitting volume,
schemes for using automatic devices have been con-
sidered for use with this type of terminal, but the
problem has been somewhat complicated by the ne-
cessity for making an opposite adjustment of the
receiving volume control when the local subscriber’s
voice is weak or the radio noise is high.

Recent improvements in the codan, a carrier-
operated device, have enabled us to design an en-
tirely new type of control terminal. The circuit
schematic of this new type of terminal is shown in
Fig. 10. In designing this terminal, it was assumed
that practically all ships will use controlled-carrier
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Fig, 9—Schematic of early type of control terminal, voice-control
switching, manual volume and sensitivity adjustments.

systems that radiate carrier only while talking. This
terminal is intended to operate without manipulation
of controls during each call. It consists mainly of a
switching relay and a voice-operated gain-adjusting
device called a vogad. The subscriber is normally
connected through the gain-adjusting device to the

& S. B. Wright, “The vodas,” Elec. Eng., vol. 56, pp. 1012-

1017; August, (1937); and Bell Sys. T h.J 4 —-
474; Octeper oy ys. Tec our., vol. 16, pp. 456
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input of the radio transmitter. The switching relay,
controlled by means of a simplex circuit from the
codan in the radio receiver, transfers the subscriber
to the receiving circuit whenever the ship subscriber
speaks. There is no direct relation between the per-
missible transmission gains or losses on the two sides
of the circuit so that the requirements for the vogad
or voice-operated gain-adjusting device are some-
what simpler than for the earlier type of terminal.

The vogad® operates to maintain a fairly constant
output volume over a wide range of input volumes.
It will handle input volumes between 410 and —35
decibels to give a nearly constant output of 2 decibels
above reference speech volume.

The traffic operator must be provided with means
for selecting any one of a number of radio receivers.
This is done by providing a separate switchboard
jack for each of the receivers, each jack operating a
connecting relay to associate a receiver and its direct-
current control circuit with the switching relay.

The plate and filament powers of the radio trans-
mitter can be controlled separately by relays oper-
ated by direct current over the conductors of the
transmission circuit. These control circuits are oper-
ated either manually by keys on the control terminal
or automatically through the connecting relay as the
traffic operator makes connection to any of the
switchboard jacks.

The controls required between the radio receiver
and the control terminal are the control of the
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Fig. 10—Schematic of later type of control terminal, carricr-
control switching, automatic control of speech volume,

switching relay by the recciver codan, the control
of the two test oscillators, and the control of the
relays associated with the emergency power alarm.
All these controls are accomplished by an arrange-
ment of polar relays. The codan relay in the receiver
operates the switching relay in the terminal by send-

5S. B, Wright, S. Doba, and A, C. Dickicson, “A vogad for
radiotelephone service,” Proc. 1.RUIL,, this issue, pp., 254-257.
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ing direct current over both conductors of the trans-
mission circuit in the same direction. Relays in the
receiver for controlling testing oscillators are con-
trolled by making currents flow over the conductors
in opposite directions. Relays associated with the
emergency power alarm are controlled by operating
and releasing the oscillator relays in certain se-
quences.
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Fig. 11—Schematic of selective signaling system.

Signaling from ships to the shore station is accom-
plished through the carrier-operated devices in the
radio receivers. A ship station calls the shore by ra-
diating carrier current. The carrier current from the
ship’s transmitter operates the codan in the receiver
to pass a signal over the simplex circuit to the control
terminal. When the control terminal is idle the cir-
cuits are arranged so that these signals operate relays
to light lamps at the switchboard and turn on the
local transmitter. The operator extinguishes the
switchboard lamps by answering the call.

Signaling from the shore to the ships is provided
by means of a selective signaling system operated on
signals radiated from the shore transmitter. Fig. 11
shows the operating plan of this system. On the shore
two oscillators are provided, one delivering 600-cycle
current and the other 1500-cycle current. A telephone
dial is arranged to connect these oscillators alter-
nately to the transmitting circuit in accordance with
preassigned codes. For each impulse from the dial, a
single change in tone is produced.

On each ship the radio receiver is connected to the
input of two band filters. The outputs of the two
band flters are connected through rectifiers to op-
posing windings on a polar relay. This arrangement
ol band filters and balanced relay windings makes the
device comparatively insensitive to radio noise since
most types of radio noise produce approximately
equal currents in the two relay windings. The con-
tacts of the relay arc connected to a condenser, the
windings of a selector, and a source ol direct current.
When a signaling tone is received the polar relay
closes one of its contacts and cach change in fre-
quency of the incoming audio-lrequency signal moves

T
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the armature from one contact to the other. The con-
denser in series with the selector winding is charged
or discharged on alternate dial pulses. Each charge
or discharge of the condenser through its windings
causes a code wheel in the selector to advance one
step. A series of holes located around the circumfer-
ence of the code wheel have pins inserted in accord-
ance with the particular code number for each
particular selector. If the successive groups of im-
pulses correspond to the pin locations, the code wheel
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CONTROL CIRCUITS

SPACE FOR CONTROL
CIRCUITS FOR
ADDITIONAL. RECEIVERS

RECEIVING AMPLIFIER

VOGAD

Fig. 12—New type of control terminal for harbor and
coastal radiotelephone service.

will be held at the end of each group and eventually
stepped up to the last pin, which closes the local bell
circuit. The code wheel will drop back to its initial
position at the end of a code group if a pin is not lo-
cated in the hole corresponding to the code group
dialed. One pulse will return the code wheel to its
initial position from any pin.

One feature of the terminal not shown is the use of
the shore station as a repeater for handling calls be-
tween ships. This is done by substituting a resistance
network for the switching relay. A second jack at the
switchboard for each radio receiver operates the con-
necting relays in the usual manner and also operates
a relay to make this substitution. When the resist-
ance network is used, received speech is reradiated,
and the transmission circuit still appears at the
switchboard. /

Keys are provided on the terminal so that a tech-
nical operator can perform manually any of the func-
tions controlled from the switchboard, such as oper-
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ate the receiver connecting relays, turn on the
transmitter, and operate the selective signaling sys-
tem. In addition to these functions, the technical op-
erator can monitor on the radio circuit and control
the receiver test oscillators,

A photograph of this terminal is shown in Fig, 12,

TRAFFIC SWITCHBOARD

The equipment at the switchboard for the radio
circuit consists of two jacks, a line lamp, and a busy
signal for cach reciever, a lamp, a key, and a dial for
signaling.

The transmission circuit is multiplied to all of the
jacks, which differ only in the control functions they
perform when connection is made to them. The two
jacks associated with each receiver are called line and
by-pass jacks. The line jacks are used for handling
all calls between the shore and ships with controlled
carrier. The by-pass jacks are used for handling calls
between two ships and between the shore and ships
radiating continuous carrier.

SYSTEM OPERATION

The operation of the system can be summarized
by referring to Fig. 10 and following the sequence of
the operations involved in setting up a circuit from
and to a ship.

When a circuit is set up from a ship the handset is
removed from its hanger and the ship transmitter is
put in operation. The ship’s transmitting carrier op-
erates the codan circuit on one or more of the shore
receivers. This places ground on the codan control
circuit to operate the signaling relay and light the
associated lamps on the switchboard. The signaling
relay also connects the battery to the transmitter
control circuit and puts the transmitter in operation.
A switchboard cord circuit is then connected to the
line jack associated with a lighted signal lamp. This
connects battery to the sleeve of the jack, energizing
the associated connecting relay to keep the trans-
mitter in operation and to connect the desired re-
ceiver to the receiving amplifier. During the conver-
sation the codan circuit operates the switching relay.

In setting up a circuit to a ship, the dial key is op-
erated to connect the signaling oscillator to the trans-
mitting circuit and to start the radio transmitter. As
soon as the carrier from the transmitter is received
on the monitoring receiver at the terminal, a lamp is
lighted at the traffic position. The ship’s assigned
code is then dialed which results in the ringing of the
bell on that particular ship. When the ship answers,
the carrier from the ship transmitter operates the
codan of the shore receiver and a signal lamp on the
switchboard is lighted. The dial key is then released
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and a cord circuit connected to the proper jack. The
procedure is then the same as previously explained
for setting up a call from the ship.

When the shore station is communicating with a
ship not equipped for carrier control, the “by-pass”
jack instead of the line jack must be used to prevent
the ship’s carrier holding the switching relay in the
receiving position. On such calls, received speech is
reradiated by the transmitter.

When a circuit is set up between ships, the calling
ship must ask the shore switchboard to dial the other
ship. A cord must be left connected to a by-pass jack
to keep the transmitter in operation and keep a re-
ceiver connected to the transmitter.

Anderson and Pruden: Harbor and Coastal Radiotelephone Systent
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If the two ships are not within range of the same
receiver, a cord must be kept in each of the by-pass
jacks to keep the two receivers in operation.
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A Vogad for Radrotelephone Circuits’

S. B WRIGHT, T AssociaTe MEMBER, LR, S DOBAJT NONMEMBER, 1.R.1.,
AND A, C. DICKIESONT, NONMENMBER, LR.I.

Summary-—Commercial radiotelephone connections must pen-
erally be uccessible to any lelephone in an extensive wire system,
Speech signals delivered fo the radio terminals Jor tranusmission to
distant points vary widely in am Plitude due to the characteristics of
the weire circuits and individual voices. To provide the best marpin
against atmospheric noise, it is usually the practice to equalise this
wide range of speech amplitudes and thus drive the radiotelephone
transmitter at its full capacity.

Many devices have been proposed to adjust automatically the
gain in a circuit to equalise speech vol umes. The difficulties of provid-
ing a device which will respond properly over a wide range to the
complex qualities of a speech signal have only recently been overcome
to a satisfactory degree.

The voice-operated gain-adjusting device, or “vogad,” described
in this paper is a practical design based upon more than a vyear's
experience with one of the most promising devices made available by
earlier development effort. A trial installation of this latest vogad 1s
now under way at Norfolk in connection with a new radiolelephone
system for harbor and coastal service.

N commercial radiotelephone connections, at-
mospheric noise often limits transmission. Since
radio transmitter power capacity is relatively
large and expensive, it is generally economical to con-
trol the speech signals so that the transmitter will le
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Fig., 1—Distribution of input volumes.

fully loaded whether the talker's voice waves are
strong or weak. Thus the effect of the noise is held to
a minimum for a given transmitter power rating.

The vogad is a device that transforms varying in-
put speech volumes! into an essentially constant out-
put that will load the radio transmitter to its maxi-
mum efficiency, without overloading on peaks. This
action it performs automatically, improving the per-
formance of unattended radio systems and removing
an irksome, routine manual adjustment from attend-
ed systems. The word “vogad” is formed from the
initial letters of the words “voice-operated gain-ad-
justing device.”

* Decimal classification: R412. Original manuscript received
by the Institute, May 21, 1938. Presented before I.R. 12, Conven-
tion, New York, N. Y., June 18, 1938, i

T Bell Telephone Laboratories, Inc., New Yorlk, N. Y,

! Volume is that measure of the intensity of electrical speech
waves that is read on instruments called “volume indicators.”
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VOLUMES SUPPLIED BY TELEPITONE
CONVERSATIONS

The sound energy that the telephone transmits
consists of complicated waves made up of tones of
different pitch and amplitude. The local lines and
trunks connecting telephone subscribers to the toll
switchboard have litte effect in changing the funda-
mental characteristics of these waves. However, he-
cause of wire-line losses, the waves received at the (oll
switchboard are always weaker than those transmit-
ted by the telephone. Furthermore, their strength
varies with the method of using the telephone, loud-
ness of talking, battery supply, and transmitter effi-
ciency. The subscriber may be talking over a long-
distance circuit from a distant city, in which case any
net loss in the toll connection further attenuates the
waves. Iig. 1 shows that the spread of speech vol-
umes as measured at the transmitting toll switch-
board by a volume indicator is nearly 10,000:1 in
power ratio (40 decibels) for talkers connected to the
circuit by a local-exchange plant in the same area.
Similar data indicate that when calls are made from
distant points the range is about the same but the
average volume is even lower, Furthermore, the
curve in Fig. 1 gives only one reading for each call
which corresponds to the average volume for that
call. Data on a limited number of such calls indicate
that variations in volume during a call which amount
to 5 decibels higher than average and 10 decibels
lower than average are not uncommon.

FuncTioN or A Vocan

In the vogad the functions of manual control of
amplification with the aid of a volume indicator have
been followed as closely as an electrical substitute for
manual operation would allow. Thus, when speech is
present, the vogad rarely assumes either a maximum
or a minimum gain but takes {he value required to
give the correct output. Also, when no speech is ap-
plied to the vogad it does not adjust but remains at
the gain existing when the speech ceases. In addition,
while a subscriber at the distant end of the circuit is
talking, the gain remains where it was set by the last
outgoing speech. The time actions are so designed
that the vogad does most of its adjusting on the
strong parts of speech corresponding to the maximum
deflections of the volume indicator. Frequencey dis-
crimination is included in jts control circuit to assist
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it in distinguishing between fluctuations which are
speech and those which might be due to noise.

Thus, it is evident that the problem of designing a
vogad is inherently more difficult than that of more
familiar types of gain control, such as those operated
by a single pilot frequency (carrier automatic volume
control) and devices which limit overloading through
a relatively small range.

FuNCTIONAL PARTS

The various functional parts of the device dealt
with in this paper are outlined below and compared
with the corresponding functions in manual opera-
tion.

1. Variorepeater. A variable-gain device, the gain
of which is adjusted by the several control circuits.
Corresponds to the technical operator’s gain-control
knob.

2. Integrator. This circuit weighs and sums the
impulses from the control circuits, determining how
much and in what direction gain is to be changed.
Corresponds to the operator’s judgment in changing
the setting of the gain-control knob.

3. Gain increaser. This circuit responds to input
signals above a given threshold which is determined
by the requirement that the device should not op-
erate on noise from telephone circuits. Since the peaks
of the weakest talkers are usually well above this
limit, the gain increaser tends to increase the vario-
repeater gain whenever speech is present. Corres-
ponds to the operator’s judgment in differentiating
between speech and noise.

4. Gain-increase disabler. This responds to output
voltages above a given value to prevent the gain in-
creaser from operating.

5. Gain decreaser. This circuit operates so as to
reduce the gain whenever the output exceeds a crit-
ical value. The actions of these last two circuits cor-
respond to the visual response of the operator to the
volume-indicator reading.

STEPS IN DEVELOPMENT

In the development of a successful vogad several
problems had to be solved. The first of these was a
suitable variorepeater. In carly development an at-
tempt was made to usc mechanical devices for con-
trolling the gain. Two types of these mechanical
vogads were set up, the first using relays to insert
various values of loss, and the second using a motor-
driven potentiometer.

The relay type of vogad consisted of a group of
amplifier detectors operating a bank of relays. The
operation was essentially that of inserting fixed
amounts of loss if given values of input voltage were
exceeded. This vogad was the first successful one
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built, but was not entirely satisfactory due to the
abruptness with which the losses were inserted and
the finite stepping of loss which made small steps
cumbersome and expensive.

The second type of vogad constructed utilized a
motor-driven potentiometer as the variable-gain ele-
ment, and had control circuits similar to present
vogads. Although the problems due to the previous
circuits were overcome, other difficulties were intro-
duced. These included the slowness of operation of
the potentiometer and troubles in the sliding con-
tact.

The next vogads in the line of development used
vacuum tubes for the variorepeaters with mechanical
relays used only in some of the control circuits. The
variorepeater consisted of a push-pull stage of 3-ele-
ment low-u vacuum tubes in which the gain was con-
trolled by means of a varying grid bias. This bias was
furnished by the charge on a condenser circuit of
sufficiently high insulation resistance so that the
charge and hence the gain could be held constant
over comparatively long times when no change was
required.

The gain increaser consisted of an amplifier-de-
tector operating a relay which connected a low-re-
sistance shunt across the gain-control condenser. The
gain-increase disabler consisted of an amplifier-de-
tector operating another relay which interrupted the
discharge path provided by the gain increaser. The
gain decreaser consisted of a biased rectifier which
charged the control condenser to reduce the gain.

The disadvantages of this circuit may be summed
up as follows. Because of the availability of 3-element
tubes only, the input voltage to the variorepeater and
hence the range controlled with a single stage was
limited. The use of mechanical relays in the leakage
path of the gain-control condenser made quite diffi-
cult the maintenance of the necessary high-insulation
resistances to ground.

DESIGN oF PRESENT VOGAD

In the latest type of vogad, Fig. 2, the use of
modern variable-u tubes in combination with copper-
oxide varistors for the variorepeater has expanded
the permissible input-voltage range so that a wider
range of input volumes can be controlled with an
economy of vacuum tubes. The use of argon-filled
cold-cathode tubes in place of mechanical relays has
also helped improve the device in reducing main-
tenance and in eliminating leakage paths.

VARIOREPEATER
The variorepecater includes a onc-stage push-pull
amplifier using variable-u pentode tubes, whosc grid
bias is supplied Dy the integrator, and whose gain and
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cathode curcent hoth are redneed as prid bias is made
more negative, Supplementing this is o copper-oxide
varistor cireuit, whose loss depends on (he cathode
current of the variable-gain stage, The cireuit is ar-
ranged so that high cathode current causes i biasing
voltage to he applied to the varistor in the noncon-
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IFig. 2—Simplified schematic diagram of a vogad.

ducting direction. As the cathode current approaches
zero, the bias on the varistor is set by a voltage di-
vider across a 24-volt battery and is in the conduct-
ing direction. In this way, the impedance of the
varistor bridged across the transmission circuit fol-
lows the cathode current, extending the range of gain
change, and affecting the sensitivity of the gain in-
creaser as described Eelow.

The fixed-gain amplifiers before and after the var-
iorepeater are used to fit the range of input volumes
to the working range of the variable portion, and to
set the output to the value desired for the radio
transmitier.

GAIN INCREASER

The gain increaser comprises a two-stage amplifier
tuned to near the middle of the voice-frequency
band, acting through two cold-cathode gas tubes (o
charge the integrator circuit positive with respect to
ground. When speech of sufficient amplitude is pres-
ent, part is rectified by the copper-oxide unit (1),
and operates relay (). This closes the circuit through
gas tube (R1) and a 40-volt aiding bias. \When the
sum of the alternating-current potential and the 40-
volt bias exceeds about 70 volts, gas tube (R1) bhe-
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comes conducting, producing o voltage applied 1o pas
tnhe (K2), When this voltage rises above about 70
volts, gas tube (K2) currenl
charges the mtegrator in the positive direction, thus

hreaks down, and
rarsing the gain of the variorepeater,

When a high volume is applied to the input, the
gain increaser tends to operate a greater proportion
of the time than for a low volume. This would tend
to give a higher output for a high-input volume than
for a low input. To counteract this condition, the
gain incereaser is connected across the bridged varis-
tor in the variorepeater circuit. As a result, when the
gain of the variorepeater is high (low input volume),
the toss through the varistor is low, and the imped-
ance across which the gain increaser is connected s
high, Consequently, a given input poweris more of -
fective in operating the gain increaser when the viario-
repeater gain is high (low volume) than when it is
low (high volume).

Relay (.1) is made rather slow operating, so that a
click or brief spurt of noise cither does not operate it
or else causes a momentary closure of the contacts
after the click has passed on. This prevents operation
of the gas tubes, which would cause a false gain set-
ting. Relatively sustained speech currents, however,
operate the relay after a delay of about the length of
a short syllable, which does not materially affect the
gain-increase action.

GAIN-INCREASE 1ISABLER

The gain-increase disabler is a rectifier connected
to the output of the variorepeater. When speech ex-
ceeding a certain amplitude is present, part is rectified
and the resultant negative hias is apphied to the grid
of the first amplifier tube of the gain increaser. This
desensitizes and for sufficient inputs disables it, and
because of the slow discharge rate of condenser (C)
and resistance (1), no subsequent gain increase is
possible for a period of about one-half second.,

GAIN DECREASER

The gain decreaser is a cold-cathode gas-tube rec-
tifier connected at the same point as the gain-increase
disabler but somewhat less sensitive. When the speech
amplitude exceeds a predetermined value, current
flows through gas tuhe (GD), charging the integrator
in the negative direction 1o reduce the gain of the
variorepeater. It is desired that the amount of de-
crease in gain caused by g particular speech output
voltage should he independent of the previous gain of
the variorepeater. IHowever,
the charge already stored in the integrator opposes
the voltage from the gain decreaser, the decrease in
charge caused by a given small Increase in output is

since the voltage due to
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smaller for low gains than for high gains. In addition
the relationship of gain versus grid bias for the vario-
repeater is curved so that the decrease of gain caused
by a given increase in negative grid voltage is smaller
for low gains than for high gains. Because of these
two effects, it is necessary to make a given small in-
crease in output relatively more effective in decreas-
ing the gain as the gain becomes smaller. The process
of shaping the characteristic to produce these changes
is carried out by tube (GDC). Its plate current flows
through resistance (5) determining the direct-current
bias on gas tube (GD). The grid potential of tube
(GDC) is the drop across resistances (2) and (3),
caused by the plate current of the variorepeater
stage. When the gain is high, the negative grid po-
tential on tube (GDC) is high, and the aiding direct-
current biasing voltage on gas tube (GD) is low.
Therefore, the amount by which the charge on the
condenser is reduced by a given increase in output
voltage is less for this condition than for the condi-
tion when variorepeater gain is low. The 40-kilocycle
oscillator is used only as a source of ungrounded po-
tential that would otherwise have to be supplied by
an ungrounded dry-cell battery or other means.

INTEGRATOR

The integrator comprises the two condensers (L)
and (II), the resistance (4) and the limiter tube
(LIM). Condenser (L) is about 1/10 the capacitance
of (H), and is separated from it to a certain extent by
resistance (4). The gain decreaser is connected to (L),
so that if a speech peak operates the (GD) tube, con-
denser (L) charges rapidly reducing the gain and
limiting the output peak. If the peak is of short dura-
tion, the total charge stored in the integrator will be
small, and subsequently condenser (L) will discharge
into condenser (/). By this means, peak limiting can
be made fast acting, without giving undue weight to
a short peak in setting the gain. This is an action
whose rapidity cannot be matched manually.
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The limiter tube is used to prevent the grid bias of
the variorepeater tubes from becoming very positive
which would cause excessive gain reduction, and dis-
rupt the control functions.

CONCLUSIONS

As shown on Fig. 3, the vogad automatically re-
duces an applied volume range of about 40 decibels
to a range in which 90 per cent of the outputs are
within + 3 decibels as read on a volume indicator. It
also operates on high peaks of short duration to pre-

RELATIVE YOLUME IN DECISELS
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Fig. 3—Distribution of output volumes.

vent overloading of the radio transmitter. The trans-
mission-frequency characteristic is flat within #+1
decibel from 200 to 6000 cycles at all gains. All un-
wanted modulation products are at least 30 decibels
down from wanted components, except while if is
operating to reduce gain on high inputs, which oc-
curs for short and relatively infrequent periods.
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Ship Equipment for Harbor and Coastal

Radiotelephone Service’

R. 5. BAIR}, MEMBER, LR.E.

Summary—The ultimate objective in the design of radiotelephone
apparatus for use on ships is to provide equipment which is as con-
venient and simple to operate as the telephone at home. To a consider-
able degree this has been accomplished in the new 15- and 50-watt
ship sets that have recently been designed for use on harbor craft and
coastwise vessels.

The requirements for sets of this type are discussed and the new
equipment is described in this paper.

‘ ’ YHEN radiotelephone service was first inau-
\\ gurated for the benefit of harbor craft,
yachts, and commercial vessels operating in
coastal waters, the boat equipments used were com-
posed largely of apparatus developed for aviation and
other mobile applications. On the whole, these equip-
ments have performed satisfactorily and have served
to demonstrate the practicability of a marine tele-
phone service for these smaller boats. Installations on
a wide range of sizes and types of boats have, how-
ever, clearly indicated a number of desirable changes
in the equipment to simplify the installation and op-
eration, to provide increased reliability, and to re-
duce greatly the cost of maintenance and operation.
It is the purpose of this paper to discuss the ap-
paratus requirements found desirable for different
types of boat installations and to describe two marine
radio equipments especially designed for this service.
The ideal equipment would be one which would
function like the ordinary house telephone with a bell
for calling and nothing but a handset to be concerned
with while conversing. However, the radio equipment
requires a source of power to operate it, an antenna,
and reasonable installation conditions. For boats
wishing telephone service through more than one har-
bor station or wishing to talk directly to other boats,
it is also necessary to have controls for selecting the
corresponding frequency channels. These factors
must be carefully considered in determining the ap-
paratus requirements for different applications.
Provision for this service on a two-frequency basis
has been made by reserving frequencies between 2100
and 2200 kilocyclesfor transmission from boatsand be-
tween 2500 and 2600 kilocycles for transmission from
harbor stations. A pair of frequencies is assigned for
use at each shore station. Other frequency assign-
ments that may be used by these boats are the boat-
to-boat frequency (2738 kilocycles) and the Coast
* Decimal classification: R510. Original manuscript received
by the Institute June 22, 1938. Presented before I.R.E. Conven-

tion, New York, N. V., June 18, 1938.
t Bell Telephone Laboratories, Inc., New York, N. Y.

258

Proceedings of the I.R.E.

Guard emergency frequency (2670 kilocycles). Boat
equipments should, therefore, be capable of trans-
mitting on frequencies from 2100 to 2800 kilocycles
and receiving on frequencies from 2500 to 2800 kilo-
cycles.

For boats operating entirely in one harbor a single
pair of frequencies is all that is required but such
boats will usually wish to be able to talk on the boat-
to-boat channel and may wish also to call the Coast
Guard in emergencies. Equipment for this service
should therefore be arranged for operation on at least
three and perhaps four channels in order that such
boats plying between two adjacent harbors such as
New York and Boston may be able to operate in
either harbor. Coastwise vessels require separate fre-
quencies for each harbor station they pass in the
course of their travels. The engineering plan of the
Federal Communications Commission makes provi-
sion for nine frequencies for radiotelephone commun-
ication with shore stations from boats in coastal wa-
ters. This is, of course, exclusive of the Great Lakes.
A single ship would seldom have need for al] of these
and therefore eight channels in addition to the boat-
to-boat channel and the Coast Guard channel are
made available in the equipment under discussion.

In the interest of reliable telephone communication
and simplicity of operation both transmitter and re-
ceiver should have crystal frequency control. Accu-
rate frequency control of the transmitter is necessary
to insure proper reception at the harbor station and
it is also required by government regulation to pre-
vent interference to other services. In order to be sure
of receiving incoming calls the ship’s receiver must be
accurately tuned to the desired shore-station fre-
quency while that station is inoperative. The use of a
superheterodyne receiver with a crystal-controlled
oscillator is the only satisfactory solution that has
been found for this type of operation. Crystal control
is particularly necessary where selective signaling is
employed.

Experience with the early equipments, together
with a considerable amount of data collected from
transmission characteristics in various harbors, has
indicated that 15 watts of carrier power supplied to
an antenna which may be erected on the ordinary
small harbor craft such as tugs and motor launches
should give adequate coverage for local service in a
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harbor. Large yachts and commercial coastwise ves-
sels operating at much greater distances naturally re-
quire more power for adequate coverage. With the
larger antennas possible on these boats satisfactory
coverage should be provided with 50 watts of carrier
power.

The receiver required for coastwise ships should be
sensitive enough to make circuit noise the limiting
condition of operation and selective enough to avoid
interference from other marine and coastal radio
services. It must also have a good automatic gain
control in order to simplify the control of the equip-
ment and to avoid missing calls as the boat moves
away from the shore station. For harbor boats the
requirements can be somewhat lower because of the
increased signal levels encountered. Characteristics
believed to be satisfactory for these services are pre-
sented later for the equipment under discussion.

Selective signaling has been in use on boats for
several years and has been found very desirable. It
provides a positive means of receiving calls without
any of the discomfort of listening to all of the trans-
missions from the shore station.

Because of the great variety of sizes and models of
boats using these equipments, the antennas must vary
widely in size and efficiency and a single antenna
must be used in most cases for transmission and re-
ception. These factors make it necessary to provide
flexible antenna tuning adjustments and to arrange
for switching the antenna between transmitter and
receiver during the course of a conversation.

The change from send to receive is sometimes ac-
complished by a switch on the transmitter which is
operated by the person using the equipment. Operat-
ing the circuit in this way is usually very unsatisfac-
tory because it requires the use of both hands, one to
hold the handset while the other operates the switch,
and it also requires the presence of the operator di-
rectly at the transmitter.

A better arrangement which has been in use for
several years is to control the circuit by means of a
push button in the handset which operates relays to
perform the functions of the send-receive switch.
This is a simple operation to perform with the hand
that holds the handset and permits of considerable
freedom on the part of the operator. This method of
switching has been found quite satisfactory on small
boats where only a few people operate the equipment.
Ilowever, when the service is used by a large number
of people at irregular intervals the use of the push
button is found irksome and frequently results in un-
satisfactory operation.

I'or the larger boats and yachts, therefore, it is
preferable to perform this switching operation by
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means of relays operated by speech currents. In this
way the telephone conversation may be carried on
much as it is with a standard telephone.

The only other controls required for the equipment
are switches to connect the power supply and channel
or station selectors. The solution adopted for each
type of equipment will be fully described later.

The primary power on boats which may be ex-
pected to use this radiotelephone equipment is ob-
tained from steam, Diesel, and gasoline engines. In
general, the electrical power which supplies the radio
equipment is obtained from batteries charged by
auxiliary engine-generator sets. 120-volt direct-cur-
rent supply is usually available on boats 75 feet in
length or greater, while smaller boats usually have
either 32- or 12-volt supplies. It is obviously im-
practicable to manufacture, install, and service dif-
ferent equipments for each supply voltage. Fortu-
nately, a variety of standard motor-alternators pro-
ducing 120 volts alternating current are available to
operate from each of these direct voltages. By using
these machines the radio equipment can be uniform
for all applications in the same class of service and
the proper alternating and direct voltages for the
various transmitter, receiver, and control-circuit

¥

Fig. 1—50-watt marine radiotelephone equpiment No. 224A.

functions may readily De obtained by the use of
transformers and rectifiers. For most marine appli-
cations the power supply must be used as economical-
ly as possible because the electrical supply on small
boats is usually very limited. This consideration is
especially important in the low-powered set for small
harbor craft and for the “stand-by” condition of both
sets where the receiver will be operated continuously.

Other important considerations are the installation
and maintenance of the equipment. Space is always
at a premium on board ship especially on the smaller
yachts and harbor craft. IFortunately, adequate serv-

ettt S
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ice for these boats is provided by a low-powered set
which can be constructed in a single small unit. In
this service the equipment will ordinarily be operated
in the pilothouse where a limited amount of bulkhead
mounting space is usually available within reach of
the pilot. In some cases it may be necessary to extend
the handset control for the convenience of the pilot.
The high-power equipment for larger yachts and
coastwise vessels is considerably larger and cannot
ordinarily be installed at a desirable operating posi-
tion. It must, therefore, be arranged for use with a
remote-control unit, the main unit of the equipment
being installed against a companionway bulkhead, in

Fig. 2—50-watt set with front covers removed.

a closet, or under a bunk or seat. More than one re-
mote-control position will frequently be required and
should be provided for.

Both equipments should be designed for ready ac-
cessibility from the front in order that they may be
installed flat against a bulkhead and serviced without
dismounting. The apparatus should be built into a
single unit, if possible, in order to minimize installa-
tion costs and troublesome interconnecting cables.
Ordinary plug connectors frequently collect con-
densed moisture and should be avoided whenever pos-
sible. Terminal strips with soldered connections are
much to be preferred for marine applications.

The 50-watt equipment for large yachts and coast-
wise vessels is shown in Figs. 1, 2, and 3. The main
unit is composed of a transmitter and a receiver
mounted together on a common frame which is se-
cured flat against a bulkhead or on the floor with

Proceedings of the I.R. L.

A pril

pivot hinges on the top or either side and bracket
bolts on the opposite side. This permits the unit as a
whole to be swung out for access to the rear. Access
to the apparatus on the front where all tubes and re-
lays are located is obtained by removing the front
covers. Doors in the front covers of the receiver and
transmitter provide ready access to the controls used
for channel selection and frequency adjustment.
The transmitter at the top has a crystal selector
switch, a knob for tuning the output circuit, and a
plate-current meter for indicating the correct tuning.
Microphone and receiver jacks are provided so the
equipment may be operated locally, if desired, by the

Fig. 3—Rear view of 50-watt set with cover removed,

use of a handset equipped with suitable plugs. The
receiver at the bottom has a crystal beating-oscillator
selector switch and a tuning control for the radio-fre-
quency circuits. The indicating dials may be marked
with station identification for ready reference.

A choice of nine channels may be made from this
position for use at one or more remote control units
such as those shown in Fig. 1. A tenth frequency may
be selected by relays operated by a momentary con-
tact switch on the right side of the control unit when
the handset is removed from the switchhook and the
power supply is turned on with the switch on the left.

As shown in Fig. 1 two control units are available,
one for wall mounting and one for table use. ach
unit has a special panel mounting a power switch, a
lf()at-lo-l)oat frequency-selector switch, an indicating
light which shows when the power is turned on, and a
volume control for the receiver. The bell operated by
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the signaling selector in the radio receiver is mounted
inside the control unit. Several of these control units
may be connected in parallel to provide telephone
service from different parts of the boat. The motor-
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screens by a push-pull audio-frequency power ampli-
fier using another pair of No. 339A pentode tubes.
This amplifier is driven by a two-stage push-pull
audio-frequency amplifier using RCA 6L7 and 6N7
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Fig. 4—Simplificd schematic diagram of 50-watt equipment.

alternator shown in Fig. 1 provides sufficient power at
120 volts alternating current to supply the equipment.

A simplified schematic diagram of the entire equip-
ment is shown in Fig. 4. The radio transmitter uses
one Western Electric 350A tube as a crystal-con-
trolled oscillator driving two Western Electric 339A
pentode tubes in parallel to produce 50 watts of car-
rier output power. The interstage circuit required no
adjustment over the entire frequency range (2100 to
2800 kilocycles) and the output circuit is tuned over
a wide range of antenna characteristics by adjusting
a single roller-type coil. After the set is installed and
tuned to the hoat’s antenna it is seldom necessary to
change the antenna tuning adjustment since the ship
station frequencies, for use in coastal and harbor
service, are all close enough together (2100 to 2200
kilocycles) not to require retuning and the boat-to-
hoat frequency (2738 kilocycles) is selected from the
remote control position and the tuning is automati-
cally corrected by a relay which short-circuits a por-
tion of the antenna-circuit inductance. The last
radio-frequency stage is modulated on plates and

tubes. The amplifier gain is automatically controlled
to give substantially constant output over a 30-deci-
bel range by a gain-control circuit using a 6116 diode
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FFig. 5—Volume-limiter characteristic; 24 A
radio transmitter.
rectifier tube. This characteristic, shown in Tig. 5,
makes it unnecessary to have an adjustment for the
speech input to the transmitter.
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The transmitter is also equipped with a voice-con-
trolled circuit using a 6C5 tube and relays to switch
the antenna from receiving to transmitting condition
and start the carrier within a few milliseconds after
the speaker starts talking. The sensitivity of this
circuit is peaked in the speech range to minimize false
operations as shown in Fig. 6. The circuit is arranged
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Eig. 6—Vodas sensitivity characteristic: 24A radio transmitter.

to be held in the transmitting condition for about two
tenths of a second after the speaker stops in order to
avoid unnecessary clipping between words and syl-
lables.

The radio receiver used with this equipment is a
superheterodyne set using nine tubes in the following
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Fig. 7—Selectivity characteristics; both receivers.

circuit arrangement: radio-frequency amplifier, first
detector, crystal-controlled beating oscillator, two
stages of intermediate-frequency amplification, a
combined second detector and audio-frequency am-
plifier, an automatic-volume-controi tube, an audio-
frequency output amplifier, and a rectifier tube.
Three radio-frequency gang-tuned circuits, one
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ahead of the first tube and two following it, provide
adequate radio-frequency selectivity. The full tuning
range of these circuits is adjusted for 2450 to 2800
kilocycles in order to broaden greatly the tuning of
the circuits. A separate tuning condenser is provided
for each tuned circuit to care for the remotely select-
ed boat-to-boat frequency. These condensers and the
proper beating-oscillator crystal are connected into
the circuits by relays operated by the boat-to-boat
switch in the control unit.

The two-stage intermediate-frequency amplifier
operating at 385 kilocycles with the radio-frequency
selectivity described provides an over-all selectivity
shown in Fig. 7. The automatic-gain-control circuit
working on the intermediate- and radio-frequency
amplifiers provides a sensitivity and volume-control
characteristic shown in Fig. 8.
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Fig. 8—Automatic-volume-control characteristics;
both receivers.

The entire equipment operates from a 120-volt,
60-cycle supply with separate transformers and rec-
tifiers for each unit. Approximately 150 volt-amperes
are required in the stand-by condition, 350 volt-am-
peres while receiving and ready to transmit, or 500
volt-amperes while transmitting. The use of low-
voltage rectifier tubes and filters for plate supply in
the transmitter was made possible by the new West-
ern Electric No. 339A pentode tube which operates
from a 500-volt supply.

The 15-watt equipment for small yachts and har-
bor craft is shown in Figs. 9 and 10. This equipment
is much simpler and smaller than the 50-watt set.
The transmitter and receiver are built together in the
same housing and use a common power-supply recti-
fier. This unit is intended for bulkhead or table
mounting and for local control. It is equipped with a
loud speaker for monitoring and does not contain a
ringer but may be used with a ringer mounted sepa-
rately. The standard telephone switchhook and hand-
set mounted on the left side of the set may readily be
removed and mounted in a more convenient location
to suit the particular installation. A push button in
the handset serves to transfer the power supply from
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circuit as the 50-watt set but with one less interme-

the receiver to the transmitter and at the same time’
diate-frequency stage and a simpler automatic-gain-

to switch the antenna.
The schematic circuit of the complete equipment is

Fig. 9—15-watt marine radiotelephone equipment No. 226A. Fig. 10—15-watt set opened for inspection.
control circuit. Power supply for both transmitter
and receiver is obtained from the same rectifier using

shown in Fig. 11. The transmitter uses two Western
a 5Z3 rectifier tube. The total power taken from a

Electric 350A tubes, one as a crystal-controlled oscil-
lator and another as an output power amplifier, and
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Fig. 11—Simplified schematic diagram of 15-watt equipment.
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two RCA 616 tubes in push-pull arrangement as an  120-volt, 60-cycle supply is 115 volt-amperes in the
audio-frequency amplifier to plate-modulate the last stand-by position for the receiver only or 250 volt-
radio-frequency stage. The receiver uses the same amperes when the transmitter is operating.




Remotely Controlled Receiver for
Radiotelephone Systems

H. B. FISCHER {, ASSOCIATI: MEMBER, I. R. E.

. Summary—Newradioreceiving equipment for shore station used
tn ship-to-shore telephone circuils has been developed. This equip-
ment 1s designed to operate on a remolely attended basis and may be
located a considerable distance from the teleplhone terminal equip-
ment. The radio receiver forming a part of the equipment has a codan
circuit which operates reliably under Iigh noise conditions and does
not require adjustments to compensate for variations in the noise
level. An emergency battery power-supply system is provided which
1s automatically connected to the receiver when the primary alternat-
ing-current power supply fails. Power Sfailures are indicated at the
telephone central office. A test oscillator which is controlled from the
telephone central office is provided wihich may be used to check the
operation of the receiver or to measure the Sfrequency deviations of the
wcoming signals. The various apparatus unils are mounted in two
weatherproof cabinets which may be fastened to the same telephone
pole which supports the recetving anlenna.

INTRODUCTION

OR a number of years ship-to-shore telephone

circuits have been in successful operation and

over this period of time numerous changes have
been made in the type of equipment used and in the
general operating procedure. At the present time, it
is considered desirable to transmit the radio-fre-
quency carrier from the ship transmitter only when
speech is transmitted and to suppress the carrier in
the intervals between speech. This results in a saving
of power, a reduction in interference, and also enables
switching relays to be controlled by the carrier at the
shore terminal.

Automatic volume control was provided on the re-
ceivers originally used for this service to reduce the
effects of fading. When a set having automatic vol-
ume control is used with cut-carrier operation a num-
ber of problems arise which are not present in a sys-
tem operating on a continuous-carrier basis. The gain
of the receiver increases to its maximum value when
the carrier is removed and, therefore, causes the set
to amplify any received noise to such an extent as
to be objectionable to a subscriber or to operate the
control relays and thus prevent operation of the
transmitter. To prevent this, a device known as a
codan was developed and added to the receivers.
This unit disconnects the receiver output whenever
no carrier is received and reconnects the receiver
output to the telephone circuit whenever a carrier is
present. This circuit improvement reduces the num-
ber of false operations of control relays due to noise
during intervals of no speech, and greatly improves
the general operation of the circuit. The type of

* Decimal classification: R570 X R361.2. Original manuscript
received by the Institute, January 31, 1939. Presented before

I.R.E. Convention, New York, N. Y., Junc 18, 1938.
t Bell Telephone Laboratories, Inc., New York, N. Y.
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codan generally used consists of a direct-current
amplifier and a relay. The amplifier input is con-
nected to the automatic-volume-control circuit of
the receiver and its output is connected to the relay
which disconnects the receiver from the circuit when
the received signal falls below a predetermined value.
Conversely, when the signal rises above this predeter-
mined value the receiver output is reconnected to the
circuit. The operating sensitivity of the codan is
usually adjusted by the technical operator so that the
receiver just fails to operate on noise. Since the noise
level fluctuates over rather wide limits it is necessary
to readjust the codan sensitivity manually in order
to obtair optimum performance at all times.

NEW RECEIVING EQUIPMENT

In the interests of effecting additional improve-
ments in service new shore-station receiving equip-
ment for unattended operation has recently been de-
veloped. This equipment not only embodies all of the
recent developments in receiver circuit design, but
also takes advantage of improvements in the associa-
ated apparatus units which permit simplifications in
the operation of the system. Modern transmitters
have precise crystal control of the frequency and it

‘is no longer necessary to provide a continuously tun-

able receiver and have an operator adjust it to the
transmitter frequency. The new receiver is arranged
for crystal control of the beating oscillator, so manual
tuning is eliminated.

A new codan circuit which operates over a wide
range of noise levels without readjustment by a tech-
nical operator eliminates the need for continuous
monitoring. Furthermore, an automatically con-
nected emergency power supply insures operation
even when the primary alternating-current power
supply fails. These factors make it possible to oper-
ate the receiver on an unattended basis and therefore
it may be installed at a remote point {ree from man-
made interference where satisfactory operation will
be obtained with signals of lower intensity than
would otherwise be possible.

This equipment known as the No. 223A radio re-

ceiving equipment consists of the following com-
ponents:

No. 23A radio receiver
No. 289A dynamotor panel
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No. 291A test oscillator panel

No. 292A control panel

KS-10023 weatherproof cabinet
KS-10024 weatherproof battery box

Fig. 1—KS-10023 weatherproof cabinet.

The No. 23A radio receiver is a fixed-frequency
superheterodyne unit operating at any pretuned fre-
quency in the range of 2 to 22 megacycles. It pro-

Fig. 2—KS-10023 weatherproof cabinet showing apparatus.

vides a high degree of sensitivity and selectivity, a
wide range of automatic volume control, and the
frequency stability of a crystal-controlled beating
oscillator. Its most noteworthy feature is the selec-
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tive codan circuit which is an integral part of the re-
ceiver. For local operation where the receiver unit is
located within a building no other facilities are re-
quired but for remote installations a number of

Fig. 3—View of apparatus in cabinet with front dust
covers removed.

auxiliary panels may be used to provide the exact
type of service required.
Whenever the alternating-current power supply

Fig. 4—View of apparatus in cabinet with hinged rack
rotated showing rear view.

fails, the equipment is automatically shifted to the
emergency battery by relays in the No. 289A dyna-
motor panel. These relays transfer the vacuum-tube
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filaments and the crystal heater from the alternating-
current supply to the battery supply, apply the bat-
tery to the primary of the dynamotor which furnishes
the high-voltage supply, and transfer the high-volt-

Fig. 5—Rear view of apparatus with dust covers removed.

age circuits of the receiver from the rectifier supply to
the dynamotor supply.

The control office is notified when power failure
occurs through the action of the No. 292A control

Fig. 6—View of KS-10024 weatherproof battery box
with doors open.

panel. The circuit arrangement of this panel provides
an indication when the receiver is switched to the
emergency supply and when it is again switched back
to the regular alternating-current supply.

The No. 291A test oscillator panel contains a crys-
tal-controlled radio-frequency oscillator and a 1000-
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cycle audio-frequency oscillator which may be used
to supply the energy for modulation. In order that
the remote operator may check the operation of the
receiver the test oscillator is modulated and if the
receiver is operating properly a 1000-cycle tone is
heard. When observing the frequency deviation of
any received signal the test oscillator is unmodulated
and the resulting audio-frequency beat note between
the incoming carrier and the test oscillator carrier
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Fig. 7—KS-10023 weatherproof cabinet and KS-10024 weather-
proof battery box mounted on pole.

may be measured at the control point. Remote con-
trol of the test oscillator is provided by direct-current
operation over the same telephone line used to carry
the audio-frequency output of the receiver to the con-
trol station.

When used as a remotely controlled receiver the
equipment generally will be located outdoors and
therefore a suitable weatherproof housing has been
provided. Fig. 1 shows the KS-10023 weatherproof
cabinet in which the receiver and the associated
panels are mounted. A combination power switch
and fuse, a double-convenience power outlet and
radio-frequency filters for the power and telephone
lines are a part of this cabinet. Fig. 2 is a view of the
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cabinet with the door open and in Fig. 3 the front
dust covers of the apparatus have been removed so
as to show the front of the receiving equipment. The
various panels are mounted on a 19-inch supporting
frame similar to a short section of relay rack. This
frame is fastened to the cabinet by hinged supports
so that the assembly may be swung out as shown in
Fig. 4, in order that the rear of the panels are acces-
sible for servicing. Fig. 5 also shows the wiring side
of the panels with the rear dust covers removed.
The emergency battery is housed in the KS-10024
weatherproof battery box which also contains a
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controlled by the quartz crystal and for frequencies
above about 7500 kilocycles the second triode section
is used as a frequency multiplier.

The plate circuit of the first detector is coupled to
the first intermediate-frequency amplifier tube V4 by
a double-tuned filter, and a similar filter couples this
tube to the second intermediate-frequency amplifier
tube V5. Another filter in the plate circuit of V3
feeds the full-wave series-type peak limiter tube V6,
while the output of this tube energizes the last inter-
mediate-frequency filter.

The diode section of the duplex-diode-triode tube
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Fig. 8—Simplified schematic of No. 23A radio receiver.

trickle charger to maintain the battery in a 'fully
charged condition. Fig. 6 shows a view of the battery
box with the cover open.

The No. 223A radiotelephone equipment will gen-
erally be mounted on a telephone pole which also
supports the receiving antenna, as shown on Fig. 7.
This greatly simplifies the problem of making a satis-
factory installation at a remote location.

Circuitr DESCRIPTION

A simplified schematic of the receiver is shown in
Fig. 8. Three preselector circuits are provided before
the grid of the radio-frequency amplifier tube V1 in
order that a high degree of radio-frequency selectiv-
ity may be obtained, if the requirements of any par-
ticular installation make this necessary. The plate
circuit of this tube is coupled to the first detector V2
by two additional tuned circuits. The beating oscil-
lator tube V3 is a double-triode tube. One section is

V7 is the speech-branch detector and is fed from the
last intermediate-frequency filter, while the triode
section of this tube is the first audio-frequency am-
plifier. The detector and the direct-current amplifier
for the delayed, amplified automatic-volume-control
circuit is also a duplex-diode-triode vacuum tube V8
energized from the last intermediate-frequency filter.
A level-control potentiometer is provided in the grid
circuit of the audio-frequency output tube V9.

The codan circuit of this receiver is energized from
the final intermediate-frequency filter. Part of the
intermediate-frequency output of this filter is fed
to the control grid of the pentagrid converter tube
710 and the control grid of the mixer tube V12. The
oscillator section of the pentagrid converter V10 is
crystal-controlled by a precise quartz crystal operat-
ing at a frequency of 300 kilocycles, and consequently
the 455-kilocycle intermediate-frequency input to
this tube is modulated. The 755-kilocycle modula-
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No. 23A radio receiver.

tion product of the converter V10
is selected by a filter and amplified
by 1711. Another filter feeds the
755-kilocycle component to the
mixer grid of V12. The intermedi-
ate frequency of 455 kilocycles is
also fed to the control grid of 1712
and therefore there is a 300-kilo-
cycle component in the plate circuit
of the tube. When a signal is pre-
sent in the intermediate-frequency
amplifier, this system of remodu-
lation produces a new component
having a carrier frequency of 300
kilocycles, with side bands corre-
sponding to those associated with
the normal intermediate-frequency
signal.

The plate circuit of V12 energizes
two filter networks employing
highly selective quartz filters. One
filter passes only a narrow band of
frequencies corresponding to the
incoming carrier, while the other
filter eliminates this narrow band
but passes a wider band corres-
ponding to the normal band width
of the intermediate-frequency sys-
tem. The outputs of these two
filters are rectified in the two diode
rectifiers in V14. These outputs
operate two direct-current am-
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plifiers in the twin-triode tube V15 and the outputs
of these amplifiers serve to operate differentially the
polarized relay which controls the audio-frequency
output of the receiver. During the intervals when no
carrier is being received very little energy passes
through the narrow-band filter and the noise passing
through the wide-band filter keeps the relay in the
operated position and short-circuits the audio-fre-
quency output channel. When a carrier is received,
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Fig. 11—Two-carrier radio-frequency-selectivity characteristic
of No. 23A radio receiver. Desired signal, 1000 microvolts at
2208 kilocycles. Interference from undesired signal, 20 deci-
bels below, 30 per cent modulation, 400 cycles on desired signal.
Undesired signal modulation, 30 per cent at 400 cycles,

the energy passing through the wide-band-filter
channel does not change appreciably, but that pass-
ing through the narrow-filter channel is considerably
increased, due to the presence of the carrier. Conse-
quently, the relay is released and the audio-frequency
channel of the receiver is again energized.

Fig. 9 shows the interpanel wiring of the complete
No. 223A radiotelephone equipment as well as the
schematic circuits of the various panels.
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CHARACTERISTICS
A number of the more important operating char-
acteristics of the receiver are shown in the various
illustrations. The intermediate-frequency selectivity
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Fig. 12—Automatic-volume-control characteristic
of No. 23A radio receiver.
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