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Summary-The general problems and limitations encountered in two-way
police communication are.discussed. A receiver circuit especially adapted to the ad-
verse conditions 7.7'1110SM upon this class of equipment is described in detail and per-
formance curves arc shown. Several transmitters are described and their salient fea-
tures pointed out. A new type of ultra -high frequency antenna system is described and
its general theory of operation explained.

INTRODUCTION

HE acceptance of radio C01111111111i cation as an essential part of
a municipal police system has opened up a new field for the
radio engineer. It has presented to him a set of conditions and

requirements not heretofore encountered in radio communication.
Give a radio engineer an efficient antenna, a skilled operator, and
power on the proper frequency, and his communication range far ex-
ceeds that required for municipal police senlice. The conditions pre-
sented to him by municipal police radio are quite different; low
antennas on a, moving vehicle, in many cases unskilled operators, and
limited power supply. Modern municipal police radio systems are
being put on the higher frequencies with their more or less line -of -sight
transmission. The frequencies now assigned by the Federal Communi-
cations Commission for experimental use by stations of this class lie
between thirty and forty-two megacycles. The choice of this frequency
range to localize the communications has made possible two-way com-
munication. Today, two-way duplex radio communications from a
moving automobile in a properly equipped city with an efficient
maintenance organization approaches the simplicity and reliability of
a telephone call from the corner drug store. In fact, a call put through
from a car to a wire extension of a police telephone system can often
not be distinguished from a call from a regular telephone station.

GENERAL CONSIDERATIONS

Police radio systems in common use today are classified as either
"one-way" or "two-way." In a. one-way system, headquarters can talk
to the cars, but the cars are not equipped with transmitters for reply-

* Decimal classification: 8538. Original manuscript received by the In-
stitute, March 26, 1936; revised manuscript received by the Institute, June 24,
1936. Presented before Eleventh Annual Convention, Cleveland, Ohio, May 11,
1936.

1183



1184 Becker and Leeds: Two -Way Radio System

ing to headquarters. In a two-way system, the cars are equipped with
transmitters and can reply to headquarters. Two-way systems are
divided into two types, duplex and simplex. When using the duplex
system, transmission and reception may be carried on simultaneously
as is the case during an ordinary telephone conversation.- The simplex
system does not permit this feature; i.e., it is not possible to receive
when the transmitter is being used, nor is it possible to transmit while
receiving a signal.

In the development of police radio communication apparatus, it
Was necessary to solicit the co-operation of police departments and to
consider carefully the merits of these systems with the view of deter-
mining which appeared to be the more suitable. After numerous com-
parative tests, it became obvious that the duplex method offered
several major performance features over those which it was possible
to obtain with other systems. A number of these outstanding points
are listed below.

1. It is the normal method of direct verbal or telephone conversa-
tion.

2. It allows messages to be transmitted, acknowledged, and dis-
cussed more quickly.

3. It is simpler to operate.
4. It allows the use of telephone extensions on the radio circuit.
5. It allows headquarters to supervise all car -to -car communica-

tions.
6. It increases the car -to -car communication range since head-

quarters acts as a relay station.
Of course, two frequencies are required for a duplex system and

only time will tell whether the operational advantages listed above
outweigh the additional channel and equipment required.

A block diagram of a complete duplex system is shown in Fig. 1.
The car equipment is all controlled from a remote control unit which
is mounted on the dashboard of the car. A handset is mounted on top
of this unif.and it is only necessary to remove this handset to put the
car transmitter on the air. The removal of this handset automatically
connects the earphone in the handset across the loud speaker. In the
event that the operator wishes to listen to this earphone alone, a
switch is provided on the loud speaker for turning it off and sub-
stituting a resistance load. The remote control unit also contains a
calling tone button, a receiver volume control knob, a receiver vernier
tuning knob, and two pilot lights, one for the transmitter and one for
the receiver. As far as the operator is concerned, this unit is the only
one which requires his attention. This remote control unit also has
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mounted on it a switch for changing the equipment from duplex
operation for talking with headquarters to simplex operation for talk-
ing between cars. A push button is mounted on the handset for con-
trolling the transmitter plate voltage and shorting the receiver output
when simplex operation is used.

Although a good antenna can usually be constructed on police
headquarters, the antennas on the car must of necessity be low and,
therefore, relatively inefficient. The transmitting antenna usually
takes the form of a vertical rod or flexible "fish pole" as long as prac-
tical. There has also been developed a bumper antenna for use on the
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Fig. 1-Municipal police radio installation with duplex operation from head-
quarters to each car and simplex operation from car to car through the head-
quarters transmitter.

transmitter when the radio installation must be inconspicuous. This
antenna looks exactly like the normal rear bumper and is insulated
and fed at one end. Its -efficiency as a radiator, is of course, not as great
as that of a vertical radiator. The receiving antenna may be the usual
roof antenna although, for greatest signal pickup, the transmitting
antenna, when this is of the vertical type, should be used. This an-
tenna, when properly connected to the car receiver, usually gives
from two to five times the pickup that the roof antenna gives. It is a
bit more complicated to use the same antenna for both transmitting
and receiving, however. In a two -frequency duplex system, a very
sharp filter must be used in the antenna lead to the receiver and in a
single frequency simplex system, the antenna must be switched back
and forth between transmitter and receiver. The filter used in the two-
frequency duplex system must be very selective since the signal on
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the antenna from the car transmitter may be several million times
stronger than the signal from headquarters to which the receiver is
tuned. A filter has been developed for this purpose making use of a
section of transmission line. The attenuation characteristic of this
filter is such that it is possible to obtain satisfactory receiver operation
on the same antenna which is being used to radiate the signals from a
fifteen-watt.transmitter only four per cent removed in frequency.

A car receiver used in this class of service is of the fixed tuned
variety and is required to stand by on a given frequency waiting for
calls. The time of receiving signals runs from approximately fifty per
cent of the time on a busy day in a large city to approximately five
per cent of the time in a small municipality giving half-hour routine
calls. The receiver, then, must be on frequency when the call comes
and for most efficient operation should be silent between calls. These
two points are considered in more detail later in this paper.

The car transmitter for this class of service must be ready for' in-
stant operation and yet not draw any power from the car storage
battery in the stand-by condition. Therefore, filament type tubes are
more suitable than the indirect heater type with their longer warming -
up .period.

THE RECEIVERS

A police radio receiver must necessarily meet service demands that
are unusually severe. The receiver must not only be of sturdy me-
chanical construction to withstand the vibration and shocks encoun--
tered in mobile service, but, also, should have an electrical design which
incorporates features for meeting the adverse reception conditions
that are frequently encountered:

Let us consider, for example, a patrol car that is operated in one of
the larger cities. In such cases, the car may be operating in the midst
of heavy traffic, surrounded by high buildings containing much steel
work and, of course, in close proximity to various types of electrical
systems, each of which ' acts as a potential source of interference to
radio reception. To function satisfactorily in an. area of  this nature,
the radio receiver should possess electrical characteristics which pro-
vide for (1) maximum rejection of electrical interference; (2) exceed-
ingly rapid and effective automatic volume control, and (3) excellent
sensitivity. Even in the small municipalities where reception condi-
tions are, in general, better than those encountered in the larger
metropolitan areas, it will contribute substantially to the over-all per-
formance of the system if the car receivers possess the above electrical
features.
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For quite some time, radio engineers have known that both the
superheterodyne and superregenerative principles Of reception possess

very desirable electrical characteristics. However, neither principle in
itself appeared to afford all that was desirable in a receiver. 111 the de-
velopment of a receiver for police service, a circuit was needed which
would provide for the electrical performance mentioned above, and
at the same time give stable and reliable operation. With these points
as an objective, a receiver was developed which, in effect, incorporates
the most desirable features of both the superheterodyne and super -
regenerative performance. In brief, the combination of a superre-
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Fig. 2-Block diagram of patrol car installation with duplex operation from car
to headquarters and simplex operation from car to car through the head-
quarters transmitter.

generative second detector with the standard principle of superhetero-
dyne action has made possible the production of a police radio re-
ceiver unit which possesses great sensitivity, almost entirely excludes
interference from automobile ignition 'systems and other similar elec-
trical devices and with an automatic volume control that is remark-
ably fast.

The advantages to be gained through the use of a receiver of this
type will, it is believed, become more apparent through the points
brought out iii the following sections:

Noise Suppression
The interference to police radio reception which is occasioned by

the operation of electrical machinery, appliances, electric trolley sys-
tems, and automobiles is a matter of great importance and, therefore,
merits very careful consideration. It has been found that receivers
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which are quite satisfactory for reception in rural localities are prac-
tically unusable in metropolitan areas where many electrical devices
are in use. Of the various forms of electrical interference that may be
encountered from time to time perhaps that originating from auto-
mobile ignition systems is the most troublesome. Fig. 3 shows two
oscillograms in which the effect on reception due to near -by automobile
ignition is pictured. The lower oscillogram shows the audio output
of an ordinary superheterodyne police receiver, while the upper oscillo-
gram shows the audio output of a similar receiver using a combina-
tion of superheterodyne and superregenerative circuits. The vertical
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Fig. 3-Oscillograms showing the quenching effect on noise of the combined
superheterodyne-superregenerative receiver.

lines which appear at regular intervals indicate the magnitude of in-
terference originating from an automobile ignition system. A compari-
son of these two oscillograms very strikingly shows the quenching effect
on this interference that is produced by the use of a superregenerative
second detector.

Automatic Volume Control

At frequencies available for use by municipal police organizations,
the signal strength of the transmitter will vary in intensity as the
distance between the transmitter and receiver is increased and, also,
further variations may be produced due to the presence of structures
which absorb or reflect the signal. It follows, therefore, that a mobile
receiver is called upon to meet field strength variations which quite
frequently are found to undergo a 100 : 1 ratio within a linear distance
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of two or three feet. It is at once obvious that an extremely rapid
automatic volume control is necessary in order to maintain the signal
at the proper level whenever such a condition is encountered. Due to
the inherent nature of a superregenerative circuit to produce automatic
volume control, such a receiver as is here described will deliver a loud
speaker output that is substantially constant under extreme conditions
of antenna input variation.
Sensitivity

It is a well -established fact that a superregenerative circuit is
capable of producing unusually high sensitivity. By combining the

Fig. 4 -75/150 -watt 30- to 42 -megacycle transmitter and superheterodyne-
superregenerative receiver using two antennas installed in Hamilton, Ohio.

superregenerative feature with a superheterodyne, which in itself has
good sensitivity, the resultant sensitivity of the arrangement is ample
for meeting unusually strenuous service demands.

The combined principles that are utilized in the circuit of this re-
ceiver are such as to eliminate effectively the difficulties that have some-
times been encountered in the past in connection with superregenera-
tive equipment. It has been possible to provide the salient electrical
features outlined herein and, at the same time, maintain good audio
quality that is substantially free from hiss, features that are not found
in ordinary receivers employing the usual method of superregeneration.

The ability of the superregenerative detector to discriminate
against ignition interference depends upon the relative duration of
the oscillatory condition, and for best performance, the ratio of carrier
frequency to quench frequency should be kept at 300 or greater.
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In consideration of this fact, there are two paths open to the re-
ceiver development engineer; either to make a straight superregenera-
tive receiver with its two disadvantages of poor selectivity and re -
radiation or to combine the superregenerative principle with the super-
heterodyne principle to get the advantages of both.

There are two methods of combining these two principles in a
receiver. One way is first to convert to an intermediate frequency in

Fig. 5-The transmitting and receiving antennas installed on one tower in
Hamilton, Ohio.

the neighborhood of 3000 kilocycles and, after getting selectivity at
this frequency, convert again to a relatively high frequency, say 25,000
kilocycles, and then design the superregenerative detector to operate at
this frequency. In this way the superregenerative detector operates at
a frequency where good noise discrimination can be obtained and yet
the selective circuits in the intermediate -frequency amplifier are tuned
to a low enough frequency so that excellent selectivity can be ob-
tained. Another method of combining the two principles into a single
receiver is to convert to an intermediate frequency which is approxi-
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mately 300 times the quench frequency. For example, if a quench
frequency of thirty kilocycles is used, design the superheterodyne con-
verter to give an intermediate frequency of 9000 kilocycles and then
design the superregenerative detector to work directly at the output
of the intermediate -frequency amplifier. This method makes a much
simpler receiver for police use and at the same time gives ample
selectivity and noise discrimination.

Although it is possible to adjust the superregenerative detector in
the laboratory so that the hiss is not objectionable, it is impossible
to hold this adjustment over long periods of time in police service
under conditions of varying supplyvoltage, temperature, and humidity.
Also, the best adjustment for sensitivity and noise elimination does
give some hiss. Of course, this hiss disappears when a carrier is present
at the receiver but, in police service; the receiver is standing by at
maximum sensitivity a great deal of the time waiting for a signal to
appear. It is, then, very desirable to incorporate in this receiver, as in
any police receiver, a carrier-off noise elimination circuit. In this
receiver, the superregenerative detector is adjusted well into the hiss
area and then a carrier -off noise suppressor circuit is used to cut off
this hiss when the headquarters transmitter is off the air. Of course,
the presence of the headquarters carrier. which Opens this noise sup-
pressor circuit also causes the superregenerative detector to stop
hissing and so, in a properly operating system, the hiss is seldom au-
dible within the reliable service area.

The adjustment of this noise suppressor circuit can be varied in the
service shop and is set for -the conditions to be encountered. A receiver
which is to work in areas of high signal strength and extreme noise
would be adjusted to a less sensitive condition than one to operate in
rural areas of weak signal strength and low noise.

The phenomenon used to obtain a carrier -off noise suppressor is

that the plate current of the superregenerative detector decreases
with the presence of a signal on its grid.

A schematic diagram of the superregenerative circuit and the noise
suppressor is shown in Fig. 6. It can be seen from this schematic that
the direct voltage between point A and ground will increase with
the presence of a signal on the grid of the superregenerative tube since
its plate current will decrease. N1 is a neon glow tube which will have
a constant voltage drop across it when it is glowing regardless of the
current through the tube. All of the voltage change at point A is
then transferred to resistor R01. This voltage change is used in such a
way and is of sufficient amplitude to cause the high -mu audio amplifier
tube V5 to be cut off in the no -signal condition' and to work at normal
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bias when a signal of two microvolts or more is present at the input
of the receiver. The small copper oxide rectifier, It'FX1, is connected
as shown to prevent the bias on V5 from becoming more positive than

TO QUENCH OSCILLATOR

Fig. 6-Schematic diagram of superregenerative circuit and carrier -off noise
suppression circuit used in model 4SH2A1 receivers.

its normal operating bias when high signal levels are present at the
receiver input terminals.

NiposiomPodo....01 -somner,

Fig. 7-Superheterodyne-superregenerative car and station house
receiver chassis model 4SH2A1.

In order to take care of variations in signal strength in excess of
that which the superregenerative detector can take care of alone, the
conventional type of automatic volume control is used also. This makes



Becker and Leeds: Two -Way Radio System 1193

the output response substantially flat over wide variations of signal
strength. Fig. 8 shows the automatic volume control curve of the
481-12A1 receiver.
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The police car receivers here described employ a dynamic type
loud speaker capable of giving excellent reproduction of the voice fre-
quencies. The over-all fidelity of the receiver is shown in Fig. 9.
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Another important feature in police radio equipment is that of
making the equipMent so that it can be quickly repaired or replaced.
These receivers are held in their cases by snap catches and the same
receiver chassis will fit into either a car or headquarters installation.
This simplifies the stocking of spares and makes it unnecessary for the
serviceman to become familiar with more than one chassis.

THE CAR TRANSMITTER

The car transmitter for municipal police service also has imposed
upon it a unique set of adverse conditions. It may be required to
operate at a temperature of minus forty degrees centigrade or of plus
fifty degrees centigrade. It is required to do this under conditions of
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extreme shock and vibration day after day without attention. It must
usually be placed at the rear of the car in the trunk or under the rear
deck to be near the antenna. This is the point of greatest throw when

Fig. 10-Superheterodyne-superregenerative station house receiver model
4SH3A1 for municipal police use, 30 to 42 megacycles.

Fig. 11-Control unit, 15 -watt 30- to 42 -megacycle car transmitter model
4G1A1 and six -volt dynamotor unit used in municipal police patrol car
installation.

riding over rough roads. The transmitter should take no continuous
drain from the storage battery and yet be ready for service in a time
not exceeding two or three seconds after turning it on. The transmitter
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is thus not given any warming -up period and must be on frequency
every time it is turned on. Its frequency stability is of prime importance

since the operator at headquarters does not have time to tune his
receiver for every call nor does he know when a call is about to come in.

In order not to require a special storage battery, the car transmitter
must be as efficient as possible in order to insure maximum power out-
put with minimum power input. Frequency stability, ruggedness, and
efficiency cannot be overstressed in this class of equipment.

Fig. 12- The 15 -watt car transmitter model 4G1A1 removed from its case.

The transmitter which has been developed to operate under these
conditions makes use of five tubes. A type 47 tube is used to amplify
the voltage from a double button carbon microphone. This 47 tube
drives two 46's in class B push-pull. These 46's modulate a 2A3 power
amplifier which is excited by a 2A3 master oscillator. This tube comple-
ment will give fifteen watts output 100 per cent modulated. It uses a
specially designed master oscillator with very high frequency stability.
This power output is made possible by the proper choice of high quality
component parts and low loss connections throughout.

Only low loss insulation is used in the radio -frequency circuits of
this transmitter and both the master oscillator and power amplifier
coils are made of silver-plated copper tubing to insure low loss and
good contact at the loading tap on the power amplifier coil. All tank
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connections in the master oscillator and power amplifier circuits are
made with heavy cadmium -plated copper strips.

The transmitter is of extremely rugged construction as shown in.
Fig. 12. It is laid out in the form of a cross with the speech amplifier
and modulator tubes in one section, the iron-core devices in the second
section, the master oscillator parts in the third section, and the power
amplifier parts in the fourth section where they are accessible for con-
nection to the antenna.
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Fig. 13

The transmitter has four test jacks on its panel for checking its
adjustment during operation. These jacks permit checking the plate
current of the speech amplifier, the modulator, the master oscillator,
and the power amplifier. Thus, it is possible to check rapidly the opera-
tion of the tubes in the transmitter and to adjust neutralization and
loading without disturbing the installation of the equipment in any
way. By talking into the microphone or pressing the tone button, the
modulation can be checked. These jacks .are indispensable in servicing
or adjusting the transmitter.

The frequency characteristic of this transmitter is shown in Fig. 13.
Full advantage is taken of this ch'aracteristic by the use of a double
button carbon microphone which is mounted in a handset.

The model 4MA1A1 frequency monitor shown in Fig. 14 has been
designed for checking and setting the frequency of the car transmitter.

This frequency monitor uses a low temperature coefficient crystal
and the crystal oscillator coil is an integral part of the crystal plug-in
unit, thus making it extremely easy to change frequency.

GENERAL ELECTRIC CAR TRANSMITTER

MODEL 461A1,15 WATTS OUTPUT
AUDIO CHARACTERISTIC

THE HEADQUARTERS TRANSMITTER

The power output of the transmitter at headquarters, of course,
depends upon the service area to be covered. It is not the purpose of
this discussion to set up coverage limits versus transmitter power
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output. This problem has been covered in The National Electrical
Manufacturers Association Publication No. 35-27 dated August, 1935.
This is largely a function of local conditions, both natural and man-
made, of the antenna height and of receiver sensitivity.

Fig. 14-Crystal controlled frequency monitor, 30 to 42 megacycles, for checking
frequency settings.

Fig. 15-General Electric 30- to 42 -megacycle two-way radio communication
equipment for police station house.

The present tendency is for the municipal police assignments to be
in the thirty to forty-two megacycle band and, therefore, there has
been developed a line of transmitters for use in this band, ranging in
output power from fifteen watts to 1.5 kilowatts.
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Fig. 16-Fifteen-watt 30- to 42 -megacycle transmitter and superheterodyne-
superregenerative receiver working from a common power supply and on a
single antenna installed in Whiting, Indiana.

Fig. 17-Rectifier and control unit model 4MR1A1 for 15-watt 30- to 42 -mega-
cycle transmitter and receiver used in two-way police radiotelephone com-
munication system.
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The fifteen -watt headquarters transmitter is identical in every re-
spect both mechanically and electrically with the fifteen -watt car
transmitter. When operated as a headquarters transmitter, it is, of
course, alternating -current operated using the same rectifier power
supply for both transmitter and receiver. This single power supply and
interchangeability of transmitter chassis and receiver chassis with
those in the car installation greatly simplifies the problem of servicing

Fig. 18 -75/150 -watt 30- to 42 -megacycle radiotelephone transmitter model
4G2C1 for municipal police use.

and stocking of spares. Such a headquarters equipment is shown in
Fig. 15.

The 75/150 -watt transmitter for 110- or 220 -volt sixty -cycle opera-
tion has many unique features. It is designed for either local or remote
control and for operation with either an open -wire or a concentric tube
type of transmission line. The unit is of sectional design with rounded
corners, black crackle finish, and stainless steel trim. The meters and
controls are logiCally and conveniently arranged. This transmitter is
shown in Figs. 18 and 19.
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The rectifier unit contains two complete rectifiers; one to furnish
voltage to all of the high voltage vacuum tubes and the other to pro-
vide for the low voltage tubes. Both of these rectifiers are of the
mercury-vapor type. The high voltage rectifier tubes are protected by
a time delay relay which prevents voltage from being applied to them
before the filaments have reached their correct operating temperature.

Fig. 19 -75/150 -watt 30- to 42 -megacycle radiotelephone transmitter model
4G2C1 with side shields removed.

The transmitter is crystal controlled using a special low tempera-
ture -frequency coefficient quartz crystal which is practically unaffected
by ordinary room temperature changes. This crystal operates in the
band five to seven megacycles and the output of the transmitter in the
band thirty to forty-two megacycles is within plus or minus 0.02 per
cent of the assigned frequency for all normal temperatures encoun-
tered in a police headquarters installation.

The crystal oscillator is a type 802 pentode driving an 802 frequency
tripler which in turn drives an 802 frequency doubler. Another 802 is
used as the first intermediate power amplifier which drives the second
intermediate power amplifier consisting of two 800's in push-pull.
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This second intermediate power amplifier drives the power amplifier
which consists of two 800's in push-pull in the seventy-five watt equip-
ment and four 800's in push-pull parallel in the 150 -watt equipment.
A meter is located on the panel of the power amplifier compartment
which can be used for monitoring the power amplifier plate and grid
currents and the intermediate power amplifier plate current by means
of a rotary selector switch. Operating personnel is positively protected
from high voltage by means of door interlocks. A large storage compart-
ment free from live wires is provided for the storage of spare tubes,
etc.
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This transmitter is capable of 100 per cent modulation. either by
voice or by a 1000 -cycle calling tone. When modulating by voice, the
output of the double button carbon microphone is amplified by a type
57 tube, the output of which drives a type 56. When modulating by
tone, this type 56 tube is driven by another type 56 tube in an audio
oscillator circuit. The output of the 56 drives two 2A3's operating push-
pull class AB. These in turn drive two FP -146's working class B
which fully modulate the radio -frequency power amplifier with a total
harmonic distortion not exceeding nine per cent. The frequency char-
acteristic of this transmitter is shown in Fig. 20.

ULTRA -HIGH -FREQUENCY ANTENNA SYSTEM

An end -fed vertical half -wave radiator has several advantages over
other types of antennas for municipal police use. Among them may be
mentioned the symmetrical horizontal field pattern and the amena-
bility to installation on top .of a tower, building, water tower, or other
structure. In order to utilize a concentric transmission line, which in-
herently has a low surge impedance, to excite the half -wave radiator
from the end, a quarter -wave impedance matching section is resorted
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to. To obtain the utmost efficiency of energy transfer, a method of con-
nection has been developed which reduces the standing waves on the
transmission line to a negligible value.

Fig. 21 shows the arrangements of the antenna system. The quar-
ter -wave impedance matching section is short-circuited at the bottom
and the grounded outer transmission line conductor connects to the
short-circuiting bar. In as much as this point is at practically zero radio -
frequency potential, the antenna system may be here connected to a

e

Fig. 21

grounded supporting structure, thus affording an easy method of
mounting, and at the same time obtaining lightning protection.

It will be noted that the half-wave radiator is an extension of one
of the quarter -wave conductors. so that the antenna load is not re-
flected symmetrically to the quarter-wave transformer. By connecting
the transmission line inner conductor to a correctly chosen point, A,
and the outer conductor to point B, and by properly dimensioning the
entire system, the quarter -wave section can be balanced, and the
transmission line terminated in its surge impedance.

The concentric transmission lines are of usual construction utilizing
isolantite beads to maintain the inner conductor coaxial. It is interest-
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ing to note that the three -eighth -inch line, which would have a surge
impedance of seventy-two ohms if no beads were present (optimum
ratio of diameters for minimum losses), actually has a surge im-
pedance of forty-nine ohms due to the increased capacity per unit
length. Thus, when transmitting an unmodulated carrier of fifteen
watts-, the radio -frequency voltage existing on the line is only 27.2
volts. The advantages of this antenna system may be briefly sum-
marized as follows:

1. Properly matched throughout, thus obtaining maximum energy
transfer to the antenna.

2. No feeder wires, guy wires, or other structures directly in the
field of the antenna to alter its radiation pattern.

3. Entire antenna system at direct -current ground potential thus
affording lightning protection.

4. Unaffected by the elements as are two -wire lines antenna sys-
tems.

5. Adaptability of installation.

CONCENTRIC BAND ELIMINATION FILTER

To obtain two -frequency duplex operation for mobile units, a
vertical rod attached to the rear of the car has usually been used for
transmitting while the horizontal antenna in the roof of the car has
been used for receiving. It was soon recognized that this arrangement
was not ideal because of the vertical polarization of the transmitted
wave from the fixed station. This together with the advent of the steel -
topped car, spurred on the development of a band elimination filter
which would permit duplex operation with a single rod antenna.

Those familiar with high -frequency filter design are cognizant of
the difficulties encountered and the practical impossibility of using
lumped constants to obtain a transducer with sharply defined filter
characteristics at ultra -high frequencies. This, of course, is due in part
to the high resistance of an inductance and the low inductive re-
actance obtainable because of stray capacities, and results in a low
circuit Q. This, in turn, results in poor filter characteristics, lack of
selectivity, and attenuation in the pass bands comparable to that in
the attenuated bands.

The concentric band elimination filter exhibits a high Q, a sharply
defined impedance versus frequency characteristic with a high maxi-
mum impedance at the elimination frequency, and a pass characteris-
tic at frequencies closely adjacent to that to be attenuated. Figs. 22
and 23 show the two fundamental arrangements. Observe that in Fig.
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22, the free end is open -circuited, while in Fig. 23 the free end is short-
circuited.

The concentric transmission line shown in Fig. 22 has an electrical
length equal to one wave length at the frequency to be attenuated.
The input is at the left end and the output is tapped off either at a point
one -quarter wave length from the free end or at a point three-quarters
wave length from the free end. In general, the open-ended type may be
any number -of half wave lengths long at the frequency to be attenu-
ated and the output tap may be made at any point which is an odd
number of quarter -wave lengths from the free end.

INPUT

3A
4

OUTPUT* 2

Fig. 22

OUTP UTKI

The line shown in Fig. 23 is of the closed -end type; that is, at the
free end the inner conductor is short-circuited to the outer conduc-
tor. In this type, the electrical length may be any number of odd quar-
ter -wave lengths, three or greater, and the output tap may be made
at any point which is any number of half-wave lengths from the short-
circuited end.

5

4
X

I-
A
2

pui-e

OUT PUT'°2 OUTPUT* I

Fig. 23

When the outer transmission line conductor is grounded and the
filter excited by applying a voltage whose frequency is ft, a standing
wave will exist on the inner conductor. For purposes of dismission and
explanation of the band elimination characteristic, we need consider
only the inner conductor and the standing waves of voltage thereon.

Fig. 24 shows three standing voltage waves in an open-ended line
whose electrical length is one wave length at frequency ft. Frequency
f h is higher than ft and fL is lower than ft. It is apparent, from Fig. 24
and the general theory of standing waves on wires, that at the quarter -
wave and at the three-quarter wave points practically no voltage
exists at frequency ft. However, at frequency fh or fL, a voltage does
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exist at.the output points. At the quarter -wave point, the ratio of out-
put to input voltage at frequency fh is e7/e3, at frequency fr, is e5/e2.

f.r, A

e4

-1----T-

I I- 13 rir/,

.,..

OUTPUT # 2 OUTPUT°I

Fig. 24

The analysis of the closed -end type is similar to that of the open-end
type, the difference being that at the.free end of the closed type, the
voltage is always zero instead of a maximum as in the open-end types.
Fig. 25 shows the standing wave voltage plot for the closed -end type
five -fourths wave length long.

It will be noted that a multiplicity of pos§ible output points exists
in each type of filter dependent upon the electrical length of the filter.
At each of these output points, the voltage to be attenuated, at fre-
quency f t, is the same practically zero value.41-lowever, at frequencies
other than f,, the ratio of output to input voltage will, in general, be
different at each output point.
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Fig. 25

Incidentally, the use of the filter is not limited to mobile units. A
number of headquarters installations have' been made wherein a filter
and single antenna system have performed very satisfactorily, in two -
frequency duplex operation.

The operational details of the filter may be summarized as follows:
1. The filter is connected between the transmitting antenna and

the receiver and operates in the thirty- to forty -two -megacycle band.
2. It is designed to attenuate the transmitted frequency.
3. Satisfactory operation of the receiver in conjunction with a

fifteen -watt transmitter at frequencies to within four per cent of the
transmitted frequency can be achieved.


