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STRAGT

The reliability of a microwave radar trans-—
pondor beacon as a navigational aid has been im-
proved by materially reducing unnezessary traffic
handled by the beacon, A 1apid Tulid-up, slow
recovery system of automatic gain control is used
in the i-f amplifier to prevent echo saturation of
the receiver with resultant pulse width distortion,
Additional operational trisls are recommended as a
bagis for future beacon designs and modifications,
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INTRODUCT. OX -

1, The AN/CPN-6 Radar Transpondor Beacon is & shipboard or land-
based cquipment operating on the "X" vand, The equipment supplies
range, azimuth, and identification information to airborne radar
operators, The capacity of transpondor beacons to carry "heavy
traffic", i.e. to respond to a large number of interrogations,depends
largely upon the ability of the pulse width discriminator to reject
unintentional interrogations, Since the average power dissipation

of the beacon transmitter is limited by tube ratings, it is highly
desirable that unintentional interrogations be kept to a minimum,
thus making the power capability of the transmitter available for
reply to intentional interrogation, Difficulty has been experienced
in the field, particularly in land-based installations, with "echo-
stretching" of pulsed signals and the consequent failure of the pulse-
width discriminator to reject unwanted signals, The effects of this
pulse stretching may be reduced by 2 simple method of automatic gain
control which has been developed and tested at this Laboratory, in
accordance with reference (1). Models of this circuit have been
fitted into an AN/CPN~6 receiver and field tested, It was observed
that considerable improvement in discriminator performance was gained
by the incorporation of this circuit in the beacon receiver,

SUMMARY OF DEVILOPMENT

2, The pulse~width discriminator of a transpondor beacon is
intended to allow the beacon to reply only to pulsed signals of
aporoximately 2 microseconds duration, that being the type of signal
radiated by airborne radars desiring beacon resnonse, Signals of
appreciably longer or shorter duration, such as those radiated by
airborne radars during searching, should be positively rejected in
order to minimize traffic and allow only usable signals to be trans-
mitted by the beacon, The performance of the pulse width discriminator
in the field was disappointing in view of results obtained in labora—-
tory tests, The poorer performance in the field has been traced to
echo stretching effects, When it is realized that a one-microsecond
radar search signal, originating several miles distant, need arrive
at the bcacon by two paths differing only 300 yards to add in such a
manner that a two-microsecond pulse is formed, this situation can be
understood, The object of the work to be described in this report
vas to improve the ability of the beacon pulse~length discriminator
to function more efficiently by reducing echo-stretching,

3e A strong pulsed signal, received and amplified by a conven-
tional superheterodyne beacon receiver, will reach an amplitude great
enough to drive the video and latter i~f amplifiers to plate current
cut—-off and grid current regions, The signal is also amplitude limited
intentionally, as shown by Plate 1, at a level slightly greater than
noise by the pulse-width discriminator, in order to make that circuit
function properly., It can be seen that any echoes of amplitude greater
than noise will also limit at the same amplitude as the stronger,
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dircctly-received aignal which precedes them in time, thus forming

in the receiver a signal of longer duration than the one originally
transmitted, This effect is shown on Plate 2, When dealing with
strong signals, this limiting effoct takes plnce in the i-f amplifier,
thus making the problem of greater scope than video overload,

4, Except in unusual 2nd copplex situatiens, the strongest signnl
rccoived from an airborne radar will be the one traveling the dircct
path from plane to beacon antenna, Also, axiomatically, this signal
will arrive before any of its echoes, Therefore, a circuit which
would rocognize amplitude differences, even at strong signal levels,
and climinate the weaker echoes could be expected to give better
discrimination information than the conventional superhcterodyne

receiver,

5, A fast-acting, automatic-gain-control circuit was designed to
control the gain of the i~f amplifier, providing a rapid reduction
of gain and a relatively slow recovery,

6e A circuit diagram of an amplifier having these properties is
shown in Plate 3, The last four stages of the amplifier provide
the ccho supnressinn, the level in the first five stages seldon
exceeding their handling ability on even extremely strong signals,
The "™ section high—pass filters between the latter stages of the
anplifier serve to reduce the video component of the rapid changes
in grid bias by giving the amplifier a sharpver cutoff at the low
frequency end of its bandpass, Gain, bandwidth, and power consurmp-
tion are comparable to the original AN/CPN-6 i-f amplifier, Plate
4 shows the operation of the last stage which is typical,

7. Lavoratory measurements were made to determine the signal-to-
echo ratio which could be tolerated by a receiver employing this
circuit, and compared to the calculated performance of a conventicnal
recciver as shown in Plate 5, The input signal is plotted as abcigsa
and nmaximum non~triggering echo signal input is plotted as the
ordinate, Gain reduction as a function of input signal is plotted
against time on Plate 6,

8, Preliminary flight tests were made at Radiation Laboratory,
Boston, Massachusetts, using two CXEH equipments at Deer Island,

The stand-by equipment was modified by installing the "echo suppression®
circuit in the i-~-f amplifier of the receiver, Laboratory tests showed
it to have comparable performance to that shown nn Plate 5, An
aircraft, SNB 091, carrying model ASD Radar Bjuipment, was used in

the tests, A flight of 60 miles was made to assure satisfactory
operation of both Radar and Beacon, using conventional 2 microsecond
Interrognting signals, The local oscillator of the radar model

ASD receiver was then tuned to receive the beacon frequency while

the radar radiated a 1 microsecond "Search" signal, Thus, it was
possible to determine when the beacon was interrogated by " search®
signals, A plot of the data obtained is shown by Plate 7, At the
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sugsestion of Mr, John Tinlot, of Radiation Laboratory, a servo
multivibrator was triggered from the trailing edge of the signals
and a negative rectangular wave from the multivibrator applied to
the suppressor grid of the third i~f amplifier tube of the stand-by
receiver, This served to reduce the gain of the receiver for a
period of 20 microsecrnds and return it to normal very quickly, in
contrast to the approximately exponential recovery of the "echo
suppression” circuit alone, Flight test data for this arrangement
is also shown on Plate 7, In all cases, the greatest range at which
the beacon signal was visible is plotted in order to present the
comparison from a pessinmistic viewpoint, This is considered merited
by the difficulty of duplicating several variables in the alrborne
and ground equipments, such as receiver sensitivities, antemna tilt,
correct tuning at exact instant interrogation dbegan, etc,

9. Flight tests were also made, using two AN/CPN-6 Radar Transpondor
Beacon equipments installed at the Naval Research Laboratory atop
building 42. One beacon was nodified to include the "Echo Suppression
I-F Ampli“ier" in the receiver, The receiver gain control was

rewired to vary the gain of the video amplifier, thus allowing maxinum
gain to be used at all times in the i~f amplifier in order to obtain
optinum operation of the suppression feature., Power supply and space
linitations ruled out the multivibrator circuit described in para-
graph 8 for the present modificntion, A 0,1 microfarad condenser
replaced C308 in the video amnlifier., The original condenser was a
purposely inadequate by-pass aiming to obtain a steeper trailing

edge of the pulse by slight differentiation, This feature was no
longer necessary and was removed to make operation more straight-
forward, A shipboard type antenna was used for one beacon and.land-
based type for the other, In order to be able to record data on

both beacons simultancously, a Type CW-60ABZ Radar Range Calibrator
was used to delay the Digscriminator trigger to the Coder of one
equipment, The delay was adjusted to increase the apparent range

ten niles, To nrovide a better comparison of the two receivers,

they were interchanged after the data for Plate 8 was obtained and
the tests repeated, yielding the data from which Plate 9 was plotted,
A Naval aircraft, SNB39819, flying from Naval Air Station, Washington,
D.C. and equipped with radar mocdel ASH, was used in obtaining the
data, The "Search" local oscillator of the model ASH was tuned to
receive the beacon frequency in order that the heacon transmitter
could be received when the airberne equipnent radiated either a 0,6
nicrosecond "Search" or 2,0 microsecond "Beacon" signal, Plates 8
and 9 show the results obtained when flying toward the beacons from
different directi~rns, The shaded areas represent the area enclosed
by the maximum range points at which the standard and modified
beacons could be interrogated by the 0.6 microsecond "Search" %ignal,

10, A production prototyne of the "Echo-Suppression I-F Amplifiex"
was constructed and taken to the Galvin Manufacturing Corperation by
engineers of this Lahoratory, The manufacturer's enginsers were
familiarized with the theory of operation and methods of testing the
performance,
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11, Plans to incorporate the amplifier in all production aquipments
were cancelled when the entire beacon contract was terminated, although
a trial production run of ten amplifiers was completed. It is under-
stood that these units will be shinped to this Laboratory, with the
intention that they be installed in operational heacons where echo-
stretching problems have been sncountersd.

CONCLUSIONS

12, It has been found that microwave beacons are not always reliable
navigational aids because of their inherent traffic-handling limita-
tions imposed by surrcunding objects and equipments, The beacons are
often unintentionally interrogated by alrborne radars in search
operation and by others on test benches and in maintenance shops in
the vicinity of the beacon installation, The amplifier descrided

in this report, when properly incorporated in a model AN/CPN-6 Badar
Transpondor Beacon Equipment, is capable of relieving that equipment
of much unnecessary traffic, leaving it free to serve legitimate
interrogations.

RECOMMENDATIONS

13, In view of the decided improvement shown in field tests, it is
recormended that ten "Echo Suprression I-F Amplifiers", built by
Galvin Manufacturing Corporation, be installed in operational AN/CPN~6
Radar Transnmondor Beacons vhich are known to give unsatisfactory
perfornance because of excessive traffic requirements, A careful
analysis of their operation should then be made to serve as a guide in
future nicrowave beacon desizns and modifications,
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