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GenwmenTiAL

ABSTRACT

A basic directive communication system with mutually
aligning antennas has been developed for shipboard use. This
system promises to provide more reliable communication
and greater security from enemy interception and jamming.
The system has been operated in the Laboratory, and on river
trials with one terminal mobile. It has been found that the
direction indicator and antenna control circuitry, which are
essential in a system of this type, perform reasonably well.
It is planned to attempt to develop this basic system into an
improved automatic directive communication system for
Naval use.

PROBLEM STATUS
This is an interim report on this problem; work is
continuing.
AUTHORIZATION
NRL Problem No. R01-13R

BuShips Problem No. S1427
NR 501-130
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DIRECTIVE COMMUNICATION SYSTEM WITH
MUTUALLY ALIGNING ANTENNAS

INTRODUCTION

At present it is general practice for Naval shipboard communication systems to
employ antennas having as nearly as possible an omnidirectional pattern in the horizontal
plane. This practice permits communication to stations in any direction. Even after the
very-high and ultra-high frequencies were utilized increasingly for shipboard communi-
cation, omnidirectional antennas still continued to be used. However, at these frequencies
the antenna size required is so reduced that it is practicable to use directive antennas as
a means of improving communications. The increased gain obtained through the use of
directive antennas will provide more reliable communication at frequencies now used by
omnidirectional systems, and may permit satisfactory communication at higher frequency
ranges which will not provide reliable omnidirectional communication. In addition, in
military applications the directive system will offer greater security from enemy inter-
ception, direction finding and jamming.

Although directive communication offers these particular advantages, in mobile ap-
plications the advantages can not be realized unless the directive antennas at the terminal
stations can be mutually aligned, and held in alignment regardless of the movements of the
individual mobile stations. An experimental directive communication system embodying
the control circuits required for directive antenna alignment is under development. This
directive communication system is described in this report.

GENERAL DESCRIPTION OF THE SYSTEM UNDER DEVELOPMENT

In the basic system a directive sense is obtained from a continually rotating directive
search antenna which intercepts a signal from a calling station having any bearing relative
to the ship being called. To insure contact, the calling signal must possess an omnidirectional
characteristic. In order to obtain the maximum range possible for the system, a call is trans-
mitted by a directive antenna while it is rotated through one complete revolution; or if the
bearing of the desired station is known, the antenna may be directed toward the desired staticn
before the call is transmitted in order to avoid possible enemy direction finding from other
bearings. This calling antenna is also used for commurication.

The procedure necessary to establish communication is indicated in Figure 1. When
Station 1 transmits a call in the manner described above, a directional sense is determined
by Station 2, and its antenna control circuits align the communication antenna upon the call-
ing ship. When the antenna is aligned, Station 2 then transmits a guidance signal to Station 1
using its aligned communication antenna. Station 1 then uses this guidance signal through
its continually rotating search antenna to establish direction, and then aligns its communi-
cation antenna. When the positioning of Station 1 antenna is completed, directional

P

ATLATEoUTAMD



2

DECLASSIFIED

g el S e e ] e

NAVAL RESEARCH LABORATORY

w

communication may be carried on between the two stations. As shown, each station re-
quires a rotating search antenna to establish direction, and a communication antenna for
transmitting both the guidance and communication signals.

SEARCH | L ace | ) SEARGH
ANTENNA D Guid =" [~/ ANTENNA
COMMUNIGATION |- _ . . Communicalion COMMUNIGATION
ANTENNA L J " ANTENNA
STATION 1 STATION 2
(@) STATION 1 TRANSMITS
SEARCH | __ gy “1) SEARGH
ANTENNA [ ~ ance 4= ANTENNA
[ Communication T~
COMMUNICATION —— = ~=""| GOMMUNICATION
ANTENNA - = ANTENNA
STATION 1 STATION 2

(b) STATION 2 TRANSMITS

Figure 1 - Communication and guidance linkage in the system

For the present, effort has been concentrated on the development of a simplified system
with the essential direction indicating and control circuits for the alignment of the communi-
cation antennas. This simplified system will maintain approximate communication antenna
alignment provided that the communication periods are relatively short, and that the change
in relative bearing between the ships is not rapid. Linkage of the antenna control with the
ship’s gyro-compass may be desirable as an aid in directing the communication antenna.
This has not as yet been incorporated into the simplified system; however, this does not
appear to be too difficult.!

Y Where service.eonditions require maintenance of antenna alignment for extended periods, some
form of continuous tracking must be provided. One way this may be accomplished i=s by the nuse
of n pulsed system havind a "look-through” feature, and with a repetition rate above the
apeech frequencies. [hus speech may be transmitied by standard pulse. modulation techniques
with simultaneous two-way continuous guidance beind provided by the pulsed sigdnals. Some means
of ideniifying the individual signals would also be required so that a particular station
eonld be selected from a group, and so that established communication between two stations
wonld not be disrupted by a routine call of a third siation from a different bearing.
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V1 Rectifies incoming audio envelope. The long time constant circuit Vys - vy One-shot multl holding appr tely four ds to
pe&nlt the communication antenna to position and monitor circuit

(R=22.M, C=0.1 jdd) acts to hold the crest voltage so that there will
be no resp to sub t minor ant lobes, Due to the

filter action of the R-C circuit, only the serrations of the audio
voltage rising to the crest are present at the interstage transformer.
Since the end of the serrations corresponds to the crest of the major
lobe, the serrations are amplified and shaped In subsequent stages to
provide a pulse coincident with the creet of the wave.

a marker pulse colncident

Vy-Vg A

ing and ing stages to pr
wfﬂl the wave crest.

V-V 1 Response delay clrcuit to prevent possible actlon on an initial
ml antenna lobe.

vy zamﬂiﬂer developing sharp negative pulse to trigger multivibrator,

DECLASSIFIED
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to take control.
Vig Amplifier,
\"m Control tube operating sensitive relay K;.
Vig1 - Y104 Monltor cireuit amplifier, rectifier, and relay control stages,

is circuit holds relay K, closed as long as the communication signal
is at a suitable operating level.

Note: All capacitor values in .fd unless otherwise indicated.
Resistance in chms: K = 1,000 and M = 1,000,000,
Note: Circled numbers refer to waveforms shown In Figure 3.

Figure 2 - Schematic diagram of dire
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DETAILED DESCRIPTION DECLASSIFIEL

The first problem encountered.in development of the system was the determination
of the direction of a signal and the presentation of the directional information in a form
suitable for automatically controlling the position of the communication antenna. A di-
rectional sense is established through the reception of a tone-modulated r-f signal by a
continually rotating directive search antenna. The search receiver output rises to a
maximum at the instant the rotating antenna is directed toward the signal. This output
is an audio frequency voltage which forms a characteristic envelope determined by the
directive antenna pattern, with the crest of the envelope indicating the bearing of the
received signal. Two individual methods of utilizing this output crest to establish di-
rection were considered, and the more satisfactory method was selected.

The Direction Indicator

In the first direction indicating circuit® considered, an attempt was made to obtain
a direction index by balancing the varying voltage of the peaked signal against a reference
voltage. The reference voltage was obtained by using the peaked signal to charge a ca-
pacitor having a slow discharge characteristic. This reference level and the rectified
envelope of the peaked signal were then applied to a two-tube thyratron circuit arranged
with one tube normally conducting, and the second tube only conducting while the envelope
exceeded the established reference level. By means of a lagged relay, momentary con-
tinuity was obtained at the instant the signal envelope voltage fell below the reference
voltage level. Since the reference level remained proportional to the peak signal voltage
regardless of signal amplitude, the direction index was reasonably accurate even with
wide variations in signal amplitude. However, the circuit was not ideal because relatively
small changes in search antenna rotational speed affected the accuracy of the index point,
and because the thyratron circuit showed a tendency to self oscillate if an input signal was
applied continuously to the rectifier circuit. For these reasons this particular circuit was
abandoned.

Later a more satisfactory direction indicator was developed. Figure 2 shows a
schematic diagram of the indicator and explains the function of the individual stages.

In order to illustrate the eircuit operation necessary to provide a direction index
pulse, a group of waveform photographs obtained with a dual beam oscillograph is pre-
sented in Figure 3. View A shows the amplified audio output envelope of the search
receiver when the station is within range of a calling signal. Provided that the propa-
gation path is direct, the major crest of this envelope occurs at the instant the rotating
search antenna is directed toward the alternate station. In the remaining oscillograms,
the various circuit events required for the generation of the index pulse are compared
in time with the amplified audio envelope developed at the receiver by the rotating search
antenna.

2

This circuit is deseribed more fully in NRL conf. ltr. C-3910-98/48 of 27 October
1948 to Buships.
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A-F COMPONENT
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NOTE. GIRGLED NUMBERS GORRESPOND TO THOSE OF THE'
SCHEMATIC DIAGRAM, FIG.2.THE DU MONT TYPE
279 DUAL BEAM OSCILLOGRAPH SHOWS THE INPUT
WAVE AND AN ASSOCIATED TRAGE WITHIN THE
DIRECTION INDICATOR SIMULTANEOUSLY.

Figure 3 - Direction indicator waveforms
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In the direction indicator, the audio voltage variation is applied to a filter in the plate
circuit of V; (Figure 2). As shown in Figure 3B, this long time-constant circuit is charged
through the diode which then acts to retain the major crest voltage in the circuit so that
there is no response to subsequent minor antenna lobes. Recurrent serrations due to the
audio-frequency component of the signal appear on the d-c wave up to the crest point.> Due
to the action of the filter in holding the maximum voltage applied, these serrations do not
appear beyond the crest. The cessation of the serrations, therefore, marks the crest of the
major antenna lobe. By amplifying, filtering, and rectifying the serrations, it is possible to
obtain from the resulting square wave an index pulse coincident with the crest of the major
antenna lobe. Oscillograms C and D (Figure 3) show the amplified serrations.

The action of the subsequent shaping circuits, stages V, through V,, is shown in the
remaining photographs of Figure 3. It may be noted that the event of the index pulse shown
in view J corresponds closely with the crest of the input wave. In order to avoid a possible
false index due to circuit response to a minor antenna lobe received before the major lobe
is rotated past the incoming signal bearing, it is necessary to delay passage of the index
pulse to the antenna control circuit until the voltage crest of the major lobe can be sampled.
The necessary delay action is obtained in stages V,, V,, and V,, . In this circuit V,, normally
conducts, and the voltage drop across the plate resistor of this tube holds the grid of V,, nega-~
tive with respect to its cathode, so that the tube V,, 1sin cut-off condition. When a signal
is first received, negative pulses accumulate through diode V,, and tube V,, is driven to cut-
off on the second or third pulse. Since there is no longer a voltage drop across the plate re-
sistor of Vio , the grid of V,, is now positive with respect to its cathode. The 1-ufd capacitor
in the circuit serves as a coupling capacitor to the grid of Vi, which acts as an amplifier,
and the direction indicating pulses pass through the delay circuit. The circuit is so adjusted
that response does not occur with one major lobe, or with two successive pulses produced by
adjacent minor lobes.

Stage V,, is a conventional amplifier which develops a negative triggering pulse to op-
erate a one-shot multivibrator, Vis -V,,, which increases the pulse duration to approximately
four seconds. This pulse, initiated by response to a signal peak, is amplified by Vs, and ap-
plied to the relay control tube V,,, which closes and holds relay K, to permit the communi-
cation antenna to rotate into position. The operation of the monitor circuit, Vi, -V;0s , Shown
in Figure 2, is described later.

The Communication Antenna Positioning Control

The operation of the direction indicator and the closing of relay K, mark the bearing
of the other station in terms of the momentary position of the comparatively rapidly rotating
search antenna. To utilize this indication, it is necessary to instantaneously record the po-
sition, and to retain it long enough to permit rotation of the communication antenna to the
indicated bearing. During the development of the directive communication system, several
schemes for memorizing the indicated direction and directing the communication antenna to
the required bearing were considered before a satisfactory control was evolved.

Originally, a 13-sector control circuit using holding relays for retaining the directional
information was investigated. This system was not ideal because it was subject to positional
error approaching the width of a sector, and was dependent, for continued reliability, upon the
satisfactory performance of the many sector relays, and of a special commutator and brush
arrangement.

% These serrations are of small magnitude and are not visible inoscillogram B (rig. 3).

The visible variations are due to other causes.
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A second experimental circuit * which was considered used a potentiometer and ca-
pacitor combination as the direction indicating element, with a sawtooth “sweep voltage”
being obtained from the potentiometer for each revolution of the search antenna. At the
instant the direction indicating circuit acted, the rising voltage was sampled, and stored
in the capacitor as a position reference. This circuit did not prove entirely satisfactory
since it would provide false directional information when the search antenna crossed its
maximum-to-zero resistance point, and because of the continuous mechanical wear on

the potentiometer elements.

The most satisfactory antenna positioning control developed employs a synchro-unit
to retain the directional reference. This control, shown in Figure 4, employs a synchro-
generator mechanically coupled to the shaft of the continually rotating search antenna, and
electrically connected to a synchro-motor. This synchro-motor rotates, following the
rotation of the search antenna until the direction indicator acts, and is then instantaneously
braked and held as the directional index. At the instant of braking, the synchro-motor stator
leads are switched from the search antenna synchro-generator to a control transformer
coupled to the communication antenna shaft,

SEARCH

C{/ ANTENNA
BAND-PASS

RECEIVER —~ FILTER
(18586 cps.)

DRIVE MOTOR AUTOMATIC

(60 RPM) SWITGH
]
SYNGHRO

SYNGHRO| |GONTROL|_ |"PEAK PICKER"

GE"{?E?TC’R *T- MOTOR | | CIRGUIT GIRCUIT
e . MAGNETIC
BRAKE SIGNAL
MONITOR
1
BAND-PASS
FILTER
oom:qugrlxélga;lon : COMMUNIGATION[ {1955 cps)
| RECEIVER
|{ R BAND-
- REJEGT ION
| T FILTER
SERVO SERVO COMMUNIGATION (1955 cps.)
MOTOR AMPLIFIER TRANSMITTER
CONTROL I MODULATOR
= TRANSFORMER
o ey P ° AUDIO
Error voltage to Speech Tone OUTPUT
rotate antenna
during calling
operation.

Figure 4 - Block diagram of system using braked syrichro motor

% These circuite are deseribed more fully in ¥RL Conf. ltr. C-3910-98/48 of 27 Octaober 1948
te BuShips.
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The control transformer provides an error voltage determined by the difference
between the braked synchro-motor and the control transformer shaft positions. This
error voltage is applied through a servo-amplifier to a servo-motor which rotates the
communication antenna to the position indicated by the braked synchro motor. Another
“error voltage source” obtained from the a-c supply is provided so that a fixed voltage
may be applied to the servo-amplifier to rotate the communication antenna slowly through
360 degrees, when it is desired to initiate a call to another station.

Station tracking can be accomplished in the control arrangement just described by
repeating the direction finding operation at frequent intervals on the signal being received.
This operation requires that the guidance signal be present along with the communication
signal. Where simultaneous transmission and reception is not possible, the tracking
operation can only be performed at a particular station while that station is receiving.
Continuous tracking would require co-channel or adjacent-channel operation to permit
simultaneous transmission and reception at each station.

The Monitor

Tracking by repeated signal sampling would cause the synchro-motor in the circuit
to be repeatedly braked and released. In order to avoid unnecessary braking of the
synchro-motor, and to obtain limited tracking in the experimental system, a monitor
circuit was developed. This monitor (Vg through Vies, Figure 2) operates from the
guidance tone present on the signal received through the communication receiver, and
separated from the voice frequencies by a band-pass filter (Figure 4). The monitor
consists of an amplifier stage, a diode rectifier, and stages to operate the control relay
so that as long as the communication signal remains above a selected threshold level,
the communication antenna is held in position,

If the signal falls below the selected threshold level through loss of antenna align-
ment due to movement of the individual stations, the direction indicator operates, and
redirects the communication antenna as required. If, on the other hand, the signal is
lost due to fading, the direction indicator is activated, but the communication antenna does
not rotate from its original bearing until a signal is received to provide a direction index,
and then moves only if a new direction is indicated. To insure that the monitor does not
operate before the direction indicator responds to a signal, interlocking between the two
is provided by opening the plate circuit of tube Vie4a Wwhenever the synchro-motor brake
is deenergized.

The Modified Relay Control Circuit

In order to compare the performance and reliability of the vacuum tube relay control
circuit (Vi and Vio« ) shown in Figure 2 with that of a thyratron circuit, appropriate
thyratrons were substituted for vacuum tubes for relay control. Figure 5 shows the modi-
fied thyratron control circuit insofar as it differs from the original circuit. The plates
of the thyratrons were operated from an a-c power source, so that conduction could be
controlled by the thyratron grid after initial firing. The use of a-c on the plates was
found to introduce a slight positioning error, for if the positioning index occurred during
a negative half cycle of a-c voltage on the thyratron plate, the thyratron controlled re-
lay K, could not operate until the plate became positive. Since no marked improvement
in the reliability of relay operation with the thyratrons was noted, and because slight
positioning error was introduced by the modification, the vacuum tube control circuit
shown in Figure 2 is considered to be preferable.
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% 2C51 2050 o0

TO OUTPUT OF
V15 STAGE OPERATING

AS A CATHODE
FOLLOWER 2zM

RS
AC.

POWER
TRANSFORMER
(350-0-350V)

TO MONITOR
GIRGUIT-Vioz 6.8M
PIN #2
= Vvios Vios
Ji 2GC51 2050
NOTE. RESISTANGE GIVEN IN OHMS.
K= 1000
M= 1,000,000

Figure 5 - Schematic diagram of modified relay 'control
‘cirfcuit using thyratrons

THE ASSEMBLY OF A COMPLETE SYSTEM

After laboratory investigation indicated that the direction indicator and antenna con-
trol circuit were practical, consideration was given to the use of these developments in
a complete system. To do this, necessary equipment for two stations was assembled,
and both stations were set upfor operation. A block diagram of the complete installation
for one station using the vacuum tube operated control relay (K,) is shown in Figure 6.
The second station was identical, except that thyratron tubes were used for relay control
(Figure 5). In Figure 6, the interconnecting circuits have been identified according to
function. Terminal numbers, where shown, refer to existing terminal strip markings on
standard Navy equipments. The Model TDZ transmitter and the Models RDZ and AN /APR-1
receivers were used for the experimental system, since they were the highest frequency
communication equipments readily available.

Carrier frequencies of 385 and 388.2 megacycles were selected for use at the re-
spective stations in order to place operation of the communication system in the upper fre-
quency range of the transmitter and communication receivers. Identical three-element
directive antennas with reflecting screens were used for search and communication. These
antennas provided a major lobe of 35-degree width between half-power points, with minor
side and back lobes, the largest minor lobe being 13 db below the major lobe. Use was made
of this antenna which was based on an already proven design since it provided sufficient di-
rectivity for the purposes of the trials. The system under development can be adapted readily
to any form of directive antenna giving a single main lobe with a sufficient degree of attenua-
tion of minor lobes.
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Operated By
Control tube (Vig
or Vipq)plate
current.

Closure of Relay
K‘.

Closure of Relay
Kp,

Switching §) to
“Call” position.

Normally closed
relay in TDZ
Transmitter.
Opening of relay
Kz

1l

OPERATION OF RELAYS

Function
(A) Operates synchro motor brake and relay Kz,

(A) Permits monitor control through Vigg

(B) Removes a-c from delay relay Kg

(C) Operates relay K3,

(A-B) Switches braked synchro motor “S” leads
ifrom search antenna synchro generator to
control transformer at communication antenna.

(A-B) Switch de-energizes relay which then applies
error voltage to servo amplifier to rotate
communication antenna during calling period.
In energized condition, relay connects control
transformer to servo amplifier.

(A) Places tone modulation on TDZ carrier.

(B) Inactivates direction indicator while trans-
mitter is energized.

(A) Permits synchro motor to resynchronize with
synchro generator before braking again in
response to an index pulse.

Note: Direction indicator terminals (A-A) inactivate the circuit
when short-circuited.
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An audio tone of 1955 cps was used at each station for guidance tone modulation of the
transmitter. This particular frequency was selected since a band-pass filter of this fre-
quency was available for use at the search receiver output to improve the signal-to-noise
ratio of the guidance tone, as well as to remove voice modulation. More satisfactory op-
eration may be obtained using filters at other audio frequencies, or even outside the speech
frequency band, to avoid the necessity of removing the guidance tone from the speech. Both
the direction indicator and monitor input circuits were provided with the band-pass filters.

A band-rejection filter between the communication receiver and the speaker amplifier served
to remove tone from the voice channel.

The synchro-motor brake was constructed from a relay coil assembly mounted on a
flexible metal leaf with the pole faces nearly touching a low-inertia steel disc geared to the
shaft of the synchro-motor. When energized by control circuit relay K, , the electromagnet
is drawn against the disc, and acts as an effective brake. A four to one speed reduction be-
tween the synchro-motor and the disc was employed as a means of reducing the rapid oscil-
lation of the disc which occurred when the brake was released. The equipment operates from
a 115-volt, 60-cycle power source. The power requirement for the various terminal units
at one station of the system, excluding the receivers and the transmitter, is 940 watts.

Operation of the system is initiated by throwing switch S, (Figure 6) at either station
to the “call” position. This action causes the communication antenna to rotate at the call-
ing speed (3.3 rpm was chosen to permit an adequate number of interceptions by the 60 rpm
search antenna). This causes the transmitter to emit a modulated carrier, and deactivates
the direction indicator through relay K;. Switch S, must be held in the “call” position until
the communication antenna completes one revolution (18 seconds), and is then released.
When the signal is received via the rotating search antenna at the remote station, its com-
munication antenna is automatically directed toward the station originating the call. After
the alignment process is completed at the remote station, 18 seconds are allowed to lapse
to insure that the calling station has completed its 18-second call, Then switch S, is placed
in the “answer” position for a period of 4 to 5 seconds, causing the transmission of a tone-
modulated signal from the aligned communication antenna in the direction of the calling
station, and the deactivation of the remote station direction indicator. Upon reception of
the answer signal by the rotating search antenna, the communication antenna at the original
calling station is automatically directed toward the remote station. Both communication
antennas are now aligned, and the station originating the call may begin communication in
the usual manner, that is, with the microphone or key. The remote station may then respond
with microphone or key. Should the relative bearing between stations change due to ship
movements during the course of two-way communication, automatic tracking arrangements®
reposition both antennas as necessary.

PERFORMANCE OF THE SYSTEM

Initial operation of the system was obtained with the two stations set up on adjacent
buildings, separated approximately 400 feet. After adjustments had been made so that the
direction indicator and antenna control units functioned satisfactorily over this short range,
lengths of attenuating cable were introduced into the transmission circuit so that the effective
separation was gradually increased to the equivalent of several nautical miles, and operational
studies were made under this condition. During these studies satisfactory antenna alignment
was obtained on comparatively weak signals.

- The simplified tracking arrangement used in the present system operates only on the
recelving end, and would not be adeguate to maintain antenna alignment during long
transmissions duringé which the relative bearing between ships chanfed considerably.
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While the equipment was still set up, a further study was made to correlate the useful
transmission range of the mutually aligning portion of the system with that of a standard
communication circuit as represented by the Model TDZ-RDZ combination. For this
investigation the same receiver was used for the search and the communication functions
in order to insure equal receiver sensitivity for each condition. The receiver output was
applied to the direction indicator through a band-pass filter to improve the signal-to-noise
ratio. From oscillographic observations it was possible to determine at what value of
signal-plus-noise-to-noise ratio the performance of the direction indicator became un-
reliable. Improper operation was caused by deterioration of the index pulse into a number
of thinner pulses which caused erratic response of the relay control tube (V,, ) operating
relay K,. Satisfactory direction indicator operation was obtained with signal-plus-noise-
to-noise ratios at the receiver output of 5 db or more. Using the Western Electric Type
49K Filter,® the 5-db ratio was transformed into a 22-dbratio at the input to the direction
indicator. It is, therefore, evident that with the present system satisfactory antenna align-
ment will be obtained with received signals providing a receiver output signal-plus-noise-
to-noise ratio of 5 db or above.”

" T

Since the studies conducted under the fixed station conditions with little actual separa-
tion between stations indicated that a workable system had been devised, operational studies
between two stations separated by several miles were planned. These plans called for locat-
ing one station on shipboard so that the performance of the system could be determined under
mobile operating conditions.

The shipboard trials of the directive communication system with mutually aligning
antennas were carried on between a fixed terminal station at this Laboratory and a mobile
station located aboard a Naval Patrol Craft, the E-PCS-1426, on the Potomac River. The
arrangement of equipment on shipboard, and the placement of the directive antennas on the
foredeck is shown in Figures 7 and 8. The antennas were mounted so that obstruction by
the ship’s superstructure was minimum when the ship was approaching the fixed station.
Information with regard to the equipments used and the operating conditions established
for the system trials is indicated in Table 1.

Separate carrier frequencies were set up with the possibility of simultaneous two-way
operation in mind. However, it was found that the 3.2-megacycle separation was insufficient
when using the Model AN/APR-1 receiver which had inherently poor selectivity. Extreme
frequency separation was undesirable due to the relatively narrow resonance band of the
particular directive antennas used. For this reason simultaneous two-way operation on
separate channels with greater frequency separation was not attempted, and the frequency
separation was left at 3.2 megacycles. Radio frequency power in the antenna was adjusted
to 5 watts at each station, since the higher power available from the Model TDZ transmitter
was not required for communication over the distances involved, and the possibility of inter-
ference to other stations was reduced. The propagation path between stations was consider-
ably obstructed from the Laboratory to a point approximately two miles down the river.
However, the path for several miles beyond this point was relatively clear, and much infor-
mation was obtained with the mobile station moving in this region.

® The Western Electric Type 49K Filter resonance curve peaks at 1955 cps, and the 6 db down

response points occur at 1890 cps and 2030 cps respectively.

With equal search and communication receiver sensitivities, the gduidance signal-plus-noise-
to-noise ratio limit of 5 db is also the approximate lower limit for useful voice communi-
cation. Johannessen, H. R., and Howe, W. E. W., in NRL Report R-3233, February 18, 1949, dis-
cuss the matter of minimum useable signal-to-noise ratio for voice communication.
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TABLE 1
Operating Conditions During System Trials
Fixed Mobile
Equipment Shore Station Shipboard Station

TRANSMITTER Model TDZ Model TDZ

(1) Output Frequency 388.2 Mc 385.0 Mc

(2) R-F Power at Transmitter 15 watts 10 watts

(3) R-F Power at Antenna 5 watts 5 watts

(4) Percentage Modulation with Guidance

Tone 30% 30%

SEARCH RECEIVER
(1) Associated Band-Pass Filter

(2) Combined Sensitivity (for 22 db
S+N at indicator)
N

COMMUNICATION RECEIVER

(1) Sensitivity (30% a-m, 6 mw a-f
output, 10 db S+N)
N

(2) Associated Band-Pass Filter
ANTENNAS

(1) Approximate height above mean
water level*

(2) Search antenna rotation rate

(3) Communication antenna rotation rate
(calling)

(4) Communication antenna VSWR

(5) Search antenna beam width

(6) Communication antenna beam width

ANTENNA CONTROL CIRCUIT

(1) Means of relay control

Model AN/APR-1

Western Electric
Type 49K

110 pv

Model RDZ

12 pv

Western Electric
Type 49K

3- Element Direc-
tive Arrays

65 ft
60 rpm

3.3 rpm
0.7 ¥
35°

35°

Vacuum Tubes

Model AN/APR-1

Western Electric
Type 49K

60 uv

Model RDZ

10 pv

Western Electric
Type 49K

3- Element Direc-
tive Arrays

18 it
60 rpm

3.3 rpm
1.0
35°
35°

Thyratron Tubes

* Antenns height differential varied somewhat with tidal variation.

T The lower value was aspparently due to the preserice of rain water, later found en-
trapped in the ‘copper 'coaxial line. However, this value was not sufficiently poor to

greatly affect antenna power.
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It was known that the directive antennas in the system would provide considerable
power gain over a system with nondirective antennas, and measurements were made to
determine the actual gain obtained with the three-element directive arrays which were
used. A sleeve dipole® was installed at each station to permit a direct comparison of an-
tennas. The average power gain obtained by the use of the directive antennas as related
to the dipoles was 26 db for the system. Theoretically, this increase in gain would ap-
proximately quadruple the communication range between stations, provided that the in-
creased range is not limited at the radio horizon. From a theoretical viewpoint it would
be necessary to increase the power output of a transmitter used in a nondirective system
approximately 400 times to provide a signal equivalent to that provided by the directive
system, all other conditions remaining the same.

After the gain in the directive antenna system had been established, the attenuation
over the propagation path of the system was determined from data obtained during several
of the mobile system trials. It may be noted that, in general, the data for each individual
run provide a smooth curve; and that day-to-day variation in propagation conditions would
account for the deviation between individual runs. A curve has been provided indicating
an average of the measurements, and a theoretical curve ® originally established for dipole
antennas at 18 and 65 foot heights, and raised by 26 db in order to represent the theoretical
attenuation in the directive system,is also presented. As shown in Figure 9, the measured
values of attenuation between antennas at 18 and 65 foot heights are in reasonable agreement
with the theoretical curve.

MEASURED POINTS. PATH OF PROPAGATION PARTIALLY OVER LAND
AND PARTIALLY OVER POTOMAC RIVER.

CARRIER: 9 MW, REFERRED TO A NONLOSSY SYSTEM OF
TRANSMISSION LINES AT BOTH TERMINAL POINTS.

HOF—— ANTENNAS: 13 DB GAIN EACH REFERRED TO A/2 DIPOLE

SHORE ANT.. 65° HIGH *
SHIP ANT.. [8"HIGH (RECEIVING)

8- 18- 49 ohex i
8-19-49 =

g-zz-w * g/ o
-

15—

05—
DATA POINTS. @
IHUL—

+
o]
*
v

AN
~

P
S

255:49. RUN 1 o &
25~ 49,RUN 2 = =
FREQUENCY. 388 Mc. / H

/1
—— THEORETICAL CURVE: ESTABLISHED FRON
THEORETICAL PROPAGATION DATA PUBLISHED g
g5b— [N BELLTELEPHONE LABORATORIES REPORT NO. L
966-6C (1944) B v

85—

BETWEEN DIRECTIVE ANTENNAS— DB

ATTENUATION

65

60
0.l | 1o

NAUTICAL MILES

Figure 9 - Attenuation between antennas 18° and 65° high

;hﬁofyne AT-150/SRC antenna manufactured by the Bird Eléctronic Corporation at Cleveland,

9 This 'curve was established from theoretical propagation data published in gell Tele-

phone Laboratories Report No. 966-6C (1944).
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This fact substantiates the accuracy of the measurement of directive system gain,
26 db. It also confirms the assumption that the attenuation over the unobstructed portion
of the propagation path established for the tests between the fixed and mobile stations is
approximately the same as that encountered over sea water.

From the curve indicating the average of experimentally determined values of attenua-
tion between the 18 and 65 foot directive antennas, theoretical curves have been set up for
dipole antennas at the same heights, and for a directive and a nondirective system with an-
tennas at a height of 100 feet, which is believed to be a representative antenna height for a
typical Naval shipboard installation. These curves are presented in Figure 10.

THEORETICAL DERIVATION OF CURVES— —BASED ON
THE AVERAGE OF EXPERINENTALLY DETERMINED VALUES
OF ATTENUATION. ,
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Figure 10 - Attenuation between antehnas in the directive system
and in a nondiréctive system

The attenuation data were used to determine the range of the directive system, and
of a system using dipole antennas. The range curves shown in Figure 11 are derived from
the average of measured values of attenuation (Figure 9). The curves are established for
a theoretical system without transmission line losses having 5 watts radiated power® at
388 Mc with 30 percent a-m guidance tone modulation, and using a Model RDZ receiver of
10-microvolt sensitivity. With directive antennas at 18 and 65 foot heights, under these
conditions, the predicted signal level will permit system operation out to the radio horizon,
a distance of 17 miles for these particular antenna heights. With 100-foot antenna heights,
a comparatively good receiver output signal will be provided at the radio horizon, 27 miles
distant.

10

rhis value is a conservative estimate of the r-f power delivered by a Nodel TDZ trans-
mitter if the losses from the receiving antenna to the receliver are referred to the
transmitting end, and the losses over a relatively long transmission line between the
transmitter and antenna are also included.
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RANGE vs. (S+N)/N RECEIVER A-F OUTPUT
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I THE ATTENUATION BETWEEN TRANSMITTING AND RECEIVING

|
ANTENNAS AS 0BTAINED FROM EXPERIMENTAL DATA. g |z
2. 5 WATTSRADIATED PONER, 388 Nc, 30% A-N  NODULATION =z ==
3. REFERRED TOA SYSTEN OF R-F TRANSKISSION LINES gl =l
WITH NO LOSSES. == 3I2
2 4, A 10V SENSITIVITY ROZ RECEIVER, 6 mw CONSTANT e =2
I A-F  OUTPUT, IF SHARP, AVC. ON. SE ==
s 5. DIRECTIVE ANTENNA GAIN OVER DIPOLE: 13 db EACH 2= ==
+ 35 :|: :lﬁ
& T | 1
= | |
s 30 A\ :
o 18's s:\ 0N [NUs & 65¢ 100"
5 0170LES DIPOLESN | INDIRECTIVES NDIRECTIVES
= N "\ T
g \ I\ |
e |
- \\ \I

b
C—
Alar il

: N

NAUTICAL NILES

I
!
I

Figure 11 - System signal-plus-noise-to-noise ratio vs. distance

A subsequent investigation was made to determine the reliability of the antenna align-
ing portion of the system. At extreme ranges with comparatively low signal-to-noise ratios
the direction indicator operated occasionally on noise peaks. With receiver output signal-
plus-noise-to-noise ratios above 5 db, satisfactory antenna alignment occurred repeatedly.
During the trials it was found that the terminal antennas could always be aligned and com-
munication established in 40 to 50 seconds. The time required is determined by the nec-
essary calling procedure and the inherent limitations of the present simplified system.

Because of the construction of the present antenna and the rotating mechanism, the
search antenna rotation speed is limited to 1 rps, and the ratio of rotation speeds between
the search and the calling (communication) antennas must be about 18 to 1 , in order that
the rapidly rotating search antenna may intercept the directional calling signal at least
twice, in order to operate the direction indicator. Therefore, in calling, 18 seconds is
required to rotate the communication antenna through one complete revolution while the
call signal is transmitted. Where simultaneous transmission and reception is not possible,
the station receiving the call must wait for 18 seconds before answering, to insure that the
calling station has completed its transmission and is in readiness to receive a reply.

The answering signal must then be transmitted for a few seconds in order to permit
alignment of the communication antenna at the station originating the call.!! The time

11

consideration is also being gdiven to a special application of the directive system in
which a command ship uses an omnidirectional antenna and picket ships use the directive
system described. This would permit simultaneous contact with all vessels within range by
the command ship, and directive reply from the outlying vessels. In such a modification of
the directive system, thedirective antennas could be aligned within three or four seconds.
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required to establish contact can be reduced by: (1) Provision for a much higher search
antenna rotation speed, and (2) simultaneous transmission and reception, which will re-
duce the time required to establish contact by approximately one-half, for any antenna
rotation speed. Efforts are being made to reduce the time required to establish contact
in a communication system of this nature.

During the river trials an investigation was conducted in an attempt to determine the
accuracy of the communication antenna positioning operation as the mobile station approached
the fixed station located at the Laboratory. During the run the monitor circuit was made in-
operative, and the communication antenna was allowed to reposition continually, with the
difference between the antenna bearing and the visual bearing to the above station being ob-
served. The results are shown in Figure 12.
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Figure 12 - Communication antenna positioning -- deviation from visual bearing

The greatest variations observed during sixty positioning operations at distances
from 0.3 to 5.7 miles were 9° left, and 5° right, respectively. It is probable that the
relatively large deviations which were observed at distances out to 1.5 miles were caused
by reflection from a gas storage tank near the Laboratory. In fact, the effect of such re-
flections was noted during the trials when the communication antenna was found to deviate
a few degrees from its regular bearing as large vessels passed near the mobile station.
In these instances it is believed that the transmission path was not direct, and that the
antenna orientation was in the direction of the maximum signal. However, if the com-
paratively large antenna deviations between 0 and 1.5 miles are neglected, the departures
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from the exact visual bearing are within plus 5 and minus 4 degrees. These deviations
may have been caused by reflections of the signal from bluffs, or structures along the
river bank. If these latter figures are considered to represent the actual antenna position-
ing error, the power loss with the 35° antennas is less than 0.5 db out of the 26.-db gain
provided by the directive system.

FUTURE WORK AND PLANNING

Further study of the operation of the direction indicator is now in progress, and means
of improving the sensitivity are being investigated. It is planned to attempt to reduce the
time required for antenna alignment between stations, and to carry out any other necessary
work to perfect the basic experimental system. The incorporation of continuous two-way
antenna guidance will then be considered, and insofar as possible, the system will be made
automatic. Later, consideration will be given to the problems involved in:

(1) Identifying the signals so that selected stations may be contacted.

(2) Coordinating the communication antenna control system with the
ship’s gyro-compass system.

'3 i
(3) Providing the directional information obtained by the system in
visual form for tactical or operational information.

(4) The simultaneous control from a single rotating search antenna
of several communication antennas directed to separate stations, and

(5) The use of a suitable nondirective station as a terminal control
unit for several directive stations.

CONCLUSIONS

The shipboard trials have indicated that the directive communication system described
in this report is practicable, and is capable of providing improved communication, with a
measured power gain of 26 db over that obtained with a nondirective system. Mutual antenna
alignment between two stations is possible with a signal-plus-noise-to-noise ratio of 5 db
at the output of the search receiver. Automatic alignment can be accomplished in 40 to
50 seconds; however, this time may be reduced considerably by using a system operating
with simultaneous two-way transmission and reception, and, where practicable, by the
use of higher antenna beam rotational speeds. It is believed that the means employed to
provide direction indication and antenna positioning are as simple as can be evolved, con-
sidering the operational requirements of a system of this type.
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