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(3) An AVC circuit has been incorporated to replace the noige-balance circuit
in order to improve the stability of the detection sensitivity and false-alarm rate;

(4) System-tuning procedures have been simplified.

The Radalarm X-3 has been designed to fit in a standard case of the AN/TPS-1D !
radar, while still providing a high degree of accessibility (Fig. II-8).

F. ALARM CIRCUITRY FOR ANFPS-3

The possibility of providing automatic-alarm circuitry for the heavy radars (ANFPS-3
and AN/CPS-6B) currently used in early warning and /or GCI stations was studied. Since the
AN/FPS-3 is more widely used than the AN/CPS-6B and, from the standpoint of adaptability to
automatic alerting, had better design characteristics, it was decided to investigate circuitry
that might be applied to this radar. Provision for operation in ground cluiter was not considered
a requirement because the alerting band would be for early warning only, and therefore the range
gates could be placed at ranges well beyond the clutter.

Two alarm circuits were designed and constructed — one employing normal video, the
other phase-detected bipolar video. Preliminary tests on an AN/FPS-3 radar located on Katahdin
Hill in Lexington, Mass., indicated that the performance of the two circuits was equal and of ap-
proximately the predicted sensitivity.

Two models of an alarm unit for the AN/FPS-3, to be called Radalarm X-5, are being
fabricated for field-evaluation trials. Designed to operate on the normal video from the lower
beam of the radar, Radalarm X-5 will provide one alarm band six miles wide around the radar,
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Fig.ll-1. Block diagram of Automatic Alerting Radar X-1.
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III. CW FENCE RADAR (FLUTTAR)

A. INTRODUCTION

One type of detectlon system considered by the Summer Study Group for use in a
DEW line was a CW Doppler radar employlng separated transmitter and recelver. Because this
radar system produces output signals at much lower frequencles than those of conventional Dop-
pler radars, it was given the name "Fluttar". At the time of the Summer Study. it was known
that a Fluttar system had been developed In Canada at the Eaton Laboratorles of McGill Unlver-
slty, and an experimental 30-mile link of "McGill fence radar" Installed near Montreal. In
November 1952, several members of the Lincoln Laboratory vlsited thls installation to observe
flight trlals of the equipment and recommended its use in the DEW line as an adjunct to search
radar. A description of the characteristics of the Fluttar system is glven in the Divislon 3
Quarterly Progress Report of 15 January i953. Figures llI-1 through II1-6 are included here
for reference,.

B. GENERAL SYSTEM TESTS

1, Short-Baseiine Tests

The earlier efforts of Lincoln Laboratory were with a Fluttar link of approximately
30 miles, intended primariwy to check in the Laboratory the operation and results of the Canadlan
system. Equipment was nevessarily makeshlft, but late in December 1952 an experimental

was considerably less than was anticipated, it was possible to detect aircraft passing through
the link. It was established that the percentage modulation was over 50 in most cases when the
aircraft was directly over the baseiine. Quantitative tests were difficult because of the low
slgnal-to-noise ratio and the high noise level at the receiving site. Therefore plans were made
to locate the equipment in a more favorable environment.

Late in the spring of 1953, a 34-mile link j d

ransmitter (see Figs.1l11-7 and 111-8). Although test data are stlll being taken from this link,
subsequent developments in the program tend to make the equlpment obsolete.

2. Long-Baseline Tests

While earlier tests werc being conducted on 30-mile basellnes, It was decided to
determine propagation characteristics and system coverages over longer paths, using the exlst-
ing 160-mile circuit between Alpine, N.J. and the Round Hiil Field Station at

Using a B-29 as a controlled target, the plane was reliably detected in the reglon of
radio line-of-sight, but operatlon below this was spotty.

Subsequently, the Alpine transmitter was used with mobile receiving equipment in
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Connecticut: over water to New London, over land to Norwichtown. each a path of approximately
100 miles. These and the i60-mile tests were primarily intended to obtain system coverage and
target cross-section data, using available facilities, and to acquire an understanding of the over-

all design criteria.
From these tests it appeared that propagation conditions imposed severe problems

Fluttar operation over long baselines might require very-high-power transmitters.

3. 50-Mile Baseline

The first intermediate-distance iink was instalied early in 1953. The transmitter
was located at Rockport, Mass. (200 feet above sea ievei), with the receiver at an AFCRC site

strength data for several runs were gathered.

modified AM channel was used here, and a 100-watt 4XI° straight -thi'ough amp

Motorola 10 - 20-watt transmitter. Both the recelving and trunsmitting antennas were 17-foot
paraboloids, with no verticai beam shaping. Because of the high traffic density in the vicinity
of Logan International Airport and the consequent interference with fiight tests, the transmitting

site was moved to Magnoiia, Mass., where it is presentiy iocated.

a. Flight Tests

‘fhree flight tests have been conducted, employing a B-29 aircraft flying courses
perpendicuiar to the system baseline., The summary of the low-coverage data is shown in
Fig. 111-9. 1t wili be noted that no flights were made over 5000 feet since the antennas employed
in the test were not suitably shaped to provide good vertical coverage. Flights at the Deeg Island
end had to be kept above 500 feet because of the flying hazards in the region.
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The possibility of obtaining sense information from a singie iine was investigated by

swinging either one or both antennas off the baseiine so as to produce an asymmetrical system.
. Figure II1-10 is a typicai target signai for a B-29 st 25 miies and i000-foot altitude for the sym-
metrical case, while Fig.111-1i is the tsrget signai observed with the receiving antenna 10° off-
tenter. It will be noted that a time-on-target ratio, with reference to zero best, of at least
2/1 was observed. A subsequent {est was attempted with both antennas off baseline, but propa-
gation conditions deteriorated sufficientiy so that thc transmitting antenna had to be resligned
on the baseline. Figure III-i2 is the csicuiated performance of a system wi

system. It should be possibie to extract this informstion by either s series of band-pass filters,
a frequency meter, or a visuai presentstion ss shown in the previous figures.

b. Calculated Performsnce - 50-Mile Fluttar System

The performance of a 50-mile baseline system has been caiculated. In making these
calculations, equipment parameters we'-e sssumed that shouid be achievabie in 1954 as the result
of development work siresdy initiated.
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The height of 370 feet has been chosen to eliminate iobing considerations. We assume
a target cross section of 800 squa rabie to a B-29, With our antennas
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anienna pattern was calculated, ignoring lobing variations, to give a constant
received signal along the mid-ordinate and aiong the baseiine at 50,000 feet. On a flat-earth
basis, this wouid be the contour of minimum target signai intensity, at a mean levei, as we have
seen, of =135 db, as shown in Fig.111-13, A more criticai examination of propagation beyond

. the iine of sight indicates the low-coverage pattern shown in Fig.1l1-14, At very low aititudes,

the signal strength of =153 dbw (see Fig.I1I-14
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noise figure, corresponding to a receiver noise level of

safety factor of two in the computations. Narrow-band audio filtering will remove the excess
noise energy carried through the 1IF stages. ‘

Also competing with the signal is transmitter noise. If the noise in the bandwidth
of interest is 80 db below carrier level and the direct signal for the most part is below —~108 dbw,
then the competing transmitter noise will be below ~188 dbw.

The three possible schemes of detection available to give reliable detection of targets
with their corresponding margins of safety are indicated in Table 11I-1.

Since our direct-signal strength is at ~108 dbw, we have 68 db margin of safety to
take care of severe fading and topographical difficulties. Note that the target signal almost
always is line-of-sight and independent of adverse fading conditions.

Consequently, with the system described, signal information is always raore than
adequate to provide sense data.

TABLE 1lI-1
DETECTION METHODS WITH CORRESPONDING MARGINS OF SAFETY

Traffic
Count Sense Presence

X X X
X X

X

4. Prototype Systems

e

Although the goal of a Fluttar system for the DEW line is a 100-mile separation
between stations, the results of tests over varying distances, as described earlier in this chap-
ter, clearly indicated that effort in the immediate future should be directed towards achieving
reliable, unattended operation between stations approximately 50 miles apart. Such a spacing
will eliminate the communications difficulty, which is considered to be probably 50 per cent of
the problem in the Far North,

Therefore, a set of component specifications for a 50-mile baseline system (of which
the present overwater North Truro-Magnolia Fluttar link is a breadboard version) was drawn
up, and competitive bids were solicited from commercial sources. A contract was awarded® to
Motorola, Inc. for two sets of prototype equipment, with the first set scheduled for delivery in
August 1954, The specifications are given below.

Aok e 2B

*The negotiations leading to the contrac! culminated in 1953.
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TRANSMITTER

Prime Power
Power Amplifier

Exciter
Fault Indication

RECEIVER

115 volts, 60 cps, single-phase

Eimac klystron amplifier 3K2000LA
modified for air cooling

Dual, low-power crystal-controlled,
with automatic switchover

6 fault alarms

Output
Prime Power
Type

Fault Indications
Alarm Circuitry
Alarm Indication

Fluttar output and voice-frequency output
115 volts, single-phase, 60 cps

3-conversion, superheterodyne, non-
limiting AM 1F channel; limiting FM
IF channel

Audible and visible
Frequency meter with a fixed threshold
Audible and visible

ANTENNA

The antenna design is to be specified at a later date when the
AFCRC Ground Antenna Laboratory (CRRDG) completes an
investigation on taiget cross-section variation. A tentative
design is now in the process of fabrication by this group and
should be finished in 30 to 60 days, at which time the antenna
will be flight-tested on a 50-mile link using a 250-watt trans-
mitter.

C. L-BAND SYSTEM
An experimental L-band CW fence system, also utilizing a CW klystron transmitter,
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Fig.li-4, ’
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Fig.l-5.

Fig.lll-1. Doppler frequency vs distonce from station
(perpendicular crossings).

Fig.111-2. Doppler frequency vs time from baseline
(perpendicular crossings).

Fig.11-3. Doppler frequency vs time far trajectories
perpendiculor ta baseline passing aver station.

Fig.lll-4. Horizontal arientation af antenna patterns. {
Fig.1-5. Fluttar sensitivity curves.
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Fig.lll-6. Theoretical propagation curves.
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Fig.1ll-7. Experimental installation at Rock Rimmon.
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Fig.lIll-8. Antenna installation at Lexington Fiald
Station.
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The filters are excited in paraiiei, and their outputs are sampled in
time sequence by a commutator. Using this spectrum analyzer in conjunction with the LOFAR

freiuenci-mulﬁilication siatem. it is planned to analyze aircraft sound spectra with an effective

3. Auditory Analysis and Presentation

An experiment has been carried out in the Laboratory for the purpose of comparing
several different methods of stimulus presentation useful in the acoustic detection of aircraft.
The methods compared included aural presentatior and LOFAR display. 1n aural presentation,
recordings of aircraft sounds (obtained in the Alaska flight tests) were played back, not only at
the original recording speed, but at higher speeds ranging from 4 to 53 times original speed.
The results showed that, for speedup ratios of about 20:1 to 30:i, a listener could detect air-
craft about as well as an operator observing a LOFAR display.

The speedup aural presentation appeared to have two advantages over normal-speed
presentation: (1) the false-report rate for untrained observers is lower, and (2) the observer
need not concentrate on listening but can engage in other activity (for- example, reading). It was
also noted that, for speedup aural presentation, the false-report rite is reduced to the same as,
or slightly less than, the false-report rate using LOFAR.

A preliminary report on these tests has been issued (Lincoln Laboratory Technical
Memorandum No. 43) and a Technical Report describing in detail the equipment setup is in
preparation.

E. GENERAL CONCLUSIONS FROM ACOUSTICS PROGRAM

Fron: the field trials and laboratory experiments, it has been concluded that acoustic-
detection methods are so sensitive to local meteoroiogicai conditions as to iimit their guaranteed
ranges of detection against aircraft to not more than two to five miies. Accordingiy. there does
not appear to be a place for acoustic-detection devices in a remote warning iine. They may
still have application as an identification aid at seiected stations, or to assist the Ground Observer
Corps. However, the Laboratory is not including further work in acoustic detection as part of
the early-warning program.
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V. AIRBORNE EARLY WARNING
A. INTRODUCTION

The primary objective of this program for PROJECT CORRODE is the development
of improved airborne early-warning search radar. This radar must be capable of detecting air-
craft targets over the sea at ranges as great as 200 miles and at altitudes of 40,000 to 50,00C
feet down to sea level.

The principal problems are to obtain this detection range in a radar package that can
fit into an aircraft, and to make the operation of the radar independent of the presence of sea
clutter, clouds and rain.

Two main programs are being considered:

(a) Modification of existing S-band radars [AN/APS-20A (or AN/APS-20C) and
AN/APS-ZOB] to improve the clutter rejection, and to give the operator better display
and warning devices,

(b) Design and construction of aF to be installed and
tested first in a blimp and later in a Super Constellation,
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B. SEA-CLUTTER MEASUREMENTS

The sea clutter that appears on the return signal of a radar scanning over water was
studied experimentally by taking three elementary types of measurements.

(1) On most radar test flights, stop-scan PPI photographs were taken of the various
presentations used. These are useful for recording general : ~dar performance as well as the
extent of sea clutter.

(2) Clutter profiles were recorded by taking measurements of the sea-return level
relative .0 noise. With the radar antenna searchlighting, signals from a pulsed RF generator
were fed into the antenna section of the radar through a calibrated attenuator and a directional
coupler. Using the A-scope as an indicator, signal blips were set to match the height of the sea
return at various ranges and the level above noise read from the attenuator. Figure VB-1 shows
a sample set of clutter plan and profiles.

(3) The third part of the program of sea-clutter investigation was the development
of an "Ideal Gate" with which in-flight recordings of boxcar sampled video could be made. The
term "Ideal Gate" has been applied to the system for the following reasons:

(a) Although the device is similar in operation to an ATI Adaptor, improved

layout and reduction of operational controls have simplified the operation of the equip-
ment.

(c) The gate back-to-front resistance ratio is high. A low-impedance cathode-
follower driver and vacuum diodes are used in the gate circuitry.

(d) Optimum operation of the boxcar is indicated bv means of a front-panel
meter.

(e) Front-panel adjustment of the gate balance is available.

(f) A high-gain audio amplifier has improved the listening sensitivity when the
"Ideal Gate" is used as an ATI device.

Since the sea-clutter spectrum can be expected to extend from 0 ‘o 100 cps, a very-
low-frequency recording device was required. In order to avoid the bulky FM tape-recording
system with 1ts associated frequency-regulated supply, an AM system was devised. The box-
car output is used to modulate a 5-kcps carrier, and this signal is then recorded on a Model 400
Ampex tape recorder. When the recording is played back through a demodulator, the clutter
spectrum is analyzed on a Kay Electric Co. Vibralyzer. The low-frequency limit of the over-all
system is 3 cps.

In flight, the radar antenna is positioned at a bearing of 0° relative to the aircrafi's
heading on an upwind leg. This accomplishes two things:

(a) Spectral dispersion due to the aircraft's speed and antenna scanring are
minimized.

(b) Sea-clutter return is maximized.

At angles other than 0° relative, one would expec: a spread of the clutter spectrum
due to the different radial velocities of the returned signal. Calculation shows that this spread
would be a function of ground speed, antenna aperture, and azimuth. The gate, therefore, should
be locatec at a range such that the spectral dispersion introduced by the depression angle of the
antenna is negligible while a large clutter/noise ratio is maintained. Recordings are then made.
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C. COHERENT AMTI

It is generally accepted that sea cluttep may present a serious problem to airborne
early warning. With this in mind, work was initiated to modify an airborne AN/APS-20 radar
for coherent MTI. The mercury delay line and cancellation unit from an AN/TPS-1D radar were
incorporated into the AN/APS-20 in a Navy P2v-3w aircraft for flight testing over water. Two

limitations are encountered in such an airborne System which are not involved in ground-based
systems:

(1) The inability to precisely correct for the platform's motion relative to
the ground.

(2) The dispersion of the frequency Spectrum of returned signals due to the
motion of the finite antenna aperture.

A method for compensating for the motjon of the moving platform i{s described in the
literature. According to this method there i8 added to the coherent oscillator a correction fre-
quency fd where

quency correspondence of the coho is not required. The addition of fd to the coho frequency
must be performed at a point in the system Subsequent 0 the coho-lock operation. This is
accomplished in Olson's system.

The system designed and constructed to acCcomplish this purpose differs in detail but
not in principle from Olson's system, but is eagier o Congtruct. A block diagram of the system
is shown in Fig. VC-1. The low-frequency oscjllator and the low-frequency variable oscillator
are both crystal-controlled osciilators working at the same base frequency with identical stages
of multiplication. The output of the low-frequency ogcillator is mixed in the first mixer with
the output of the coherent oscillator. All frequencieg with the exception of the lower sidebands
are rejected by the filter, the output of which ig mixed “‘;'lth the output of the low-frequency vari-
able oscillator and multiplier in the second mixer. The output of the second mixer is thus the
output of the 60-Mc coherent oscillator plus or minuyg the frequency introduced by the low-
frequency variable oscillator.

The tank circuit of the low-frequency varjable oscillator consists of a crystal in
parallel with a variable capacitor. A block diagram of the variable capacitor drive is shown in
Fig.VC-2. A synchro-motor introduces the angular difference between the aircraft'e heading
and ground track.

The parameters associated with the aircraft when it is used as a platform for a
moving-target system were deduced from the characteristics of a Navy type P2V-3W airplane.
A reasonable spread of true air speed was congidered tO be somewhere within the range from
150 to 180 knots. If a wind of arbitrary direction and a Velocity of 30 knots is assumed, then
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SECRET

the possible ground speeds vary from 120 to 210 knots.
Since it is desirable to make the system effective within 5 knots, the tolerable error

in the system_ The problem as stated requires a unit that will cancel

. t the radial motion of the platform for velocities up to 210 knots. This means that the fre-

A number of choices is available for constructing a highly accurate control system.
A fairly simple version was constructed using a scotch yoke as the sine-function generator.
Unfortunately, this simplified version did not permit variation of the maximum frequency cor-
rection. In order for the correction system to operate, the plane speed had to be held to a pre-
determined value with a precision of better than one knot. The simplified version was con-
structed to permit flight checking of the system, but the conditions under which the tests must
be conducted are restrictive.

The motion of the platform, in addition to contributing a Doppler velocity to fixed
targets, also produces a dispersion of the spectrum returned from extended-area targets. Sea
clutter falls into the category of extended-area targets. It can be shown, for simple models of
an extended-area target where the components of the target have no motion, that the width of the

POy e

P

e resultant clutter a convolution of the spectrum due to the clut-
ter itself and the dispersion due to the mction of the aircrait. If the dispersion introduced by
the motion is equal to or larger than the spectrum due to the clutter itself, then a variation in

E the degree of cancellation obtained will be noted as the antenna rotates. The poorest cancella-
tion will occur when the antenna has a direction perpendicular to the platform course.

The integration of MT1 components into the AN/APS-20 system is shown in Fig. VC-3.
The system as shown was assembled and hench-tested, functioning as a normal radar. Tests of
minimum discernible signal indicated that the over-all performance of the system was about
6 db below that of the AN/APS-20 with the AN/APR-12 receiver. Initial flight tests indicated
that the system was giving some clutter cancellation. Figure VC-4 shows normal video, and
Fig. VC-5 shows the same area using coherent AMTI video. (The straight white line indicates
the plane's course.) Note that a large part of Long lsland has disappeared.

For the antenna size in use and for an aircraft speed of 180 knots, the spectrum

This wide spectrum

The photographs shown were taken with the elementary capacitor-control system
which had no provisions for correcting for variable plane speed and cross winds. Consequently,
it was necessary to fly with or against the wind at a fixed ground speed.

Considering the restrictive conditions, the results, while not conclusive, were

’ indeed encouraging. Therefore increased emphasis was placed on obtaining a more accurate
capacitor-control system which has provisions for inserting drift-angle and speed corrections.
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D. ECHO DEPOLARIZATION

Previous scattered experiments both here and in England indicate that the echoes
from certain man-made targets have depolarization characteristics different from extended
background reflectors such as sea and ground. It is hoped that this differential phenomenon may
be utilized to discriminate between a plane or a submarine echo and sea return. More data,

however, are needed before such radars can actually be designed.

The Philco Corporation, under contract with the Bureau of Aeronautics, constructed
an airborne X-band system which permits operation with vertical, horizontal, and circular
polarization. This equipment was recently transferred to Lincoln Laboratory for investigation
of polarization phenomena and their possible utilization for rejecting sea clutter. The equipment
as delivered by Philco (see Fig.VD-1) conrists of a radar set and data-recording unit to be
located in an aircraft or other test sitc, and a beacon equipment which is carried by the target.
The beacon reply is received at the radar and used to locate the target by automatic range gating.

pulses per second. Transmission may be selected by the operator to be of horizontal, vertical,
or circular polarization.

When transmitting with either horizontal or vertical polarization, one of the two
receiver channels employed is responsive to horizontal polarization and the other to vertical
polarization. When transmitting with circular (right- or left-hand) polarization, one receiver
is responsive to right-hand circular radar return and the other receiver is responsive to left-
hand circular radar return.

Three PPI displays are provided, one each for the two receiver channels and the
third for displaying the difference between the video outputs of the two receiver channels. Stop-
scan recording cameras are mounted on all these scopes.

The digital data-recording unit was replaced by a DC-coupl.d, twin-track, magnetic-
tape recorder. Pulse returns in both channels in a desired range .. erval are samp..d by boxcar
circuits whose outputs are then recorded,

It was deemed wise to ground-test the system prior ‘o its installation in an aircraft.
For this purpose, the equipment was installed at a temporary field station at Rockport, Mass.
The site is 120 feet above sea level and 430 feet from the mean high-tide water mark. The maxi-
mum possible angle of depression is {our degrees. The location provided opportunity to obtain
some limited data on sea return, to track aircraft, ships or submarines, and to evaluate and
generally debug the cross-polarization equipment.

Work on the system extending over a period of some ten weeks resulted in some
preliminary data and an overwhelming conviction that the entire system needed major overhaul
before serious work, particularly in a plane, could be undertaken. All the cables connecting
the various racks had to be replaced and some of the chassis had to be completely reworked in
order to conform to Air Force Safety Standards and minimize failures after installation in the
B-29 aircraft provided for ihis project by the Air Force.

Figure VD-2 shows a spectral analysis of sea-return echoes which were recorded
as described above.
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The analysis was made with a Kay Electric Company Vibralycer, modified to in-
crease its normal integration time of 0.i sec to 17 sec.

Figure VD-3 shows spectral analyses of the radar return from a snorkeling sub-

. marine, USS BECUNA, SS3i9. Unfortunately, on the day of these tests the sea was very quiet,
and sea return was low. It is apparent that the main component of the echo is displaced in fre-
quency from the origin. This is believed to be a Doppler shift resulting from the beating of the
direct echo from the moving snorkel with the echo from its wake.

After overhaul, the equipment was sent to Hanscom Field at Bedford for installation
in the B-29. Figure VD-4 shows the equipment after instaliation in the bomb bay.

In conjunction with the aircraft installation, field-pattern studies were made with the

antenna inside the iriou_-d radome. The RF plumbing and antenna were designed and constructed

made by Lincoln personnel, indicated a fieid-strength eliipticity for circular polarization along

with the radome). The specifications of the system restrict
design frequency, but no measurements were availabie to

indicate the eliipticity as a function of frequency.

A check of the actual operating frequency of

place the fixed tuned magnetron {Type 4J52) with a tunabie one (Type 2J51) and then tune to the

correct frequency. This involved mechanical and electrical changes and has just been completed
at the time of this report,
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to look for a possible target on the next scan, though this feature has not yet been incorporated
in the system.

In a boxcar gated system, if the duration of the sampling time ’I‘s is used to set the

. length of the gate (i.e., when Tg is greater than the video pulse length v), it is found that the
sensitivity of the gate varies with the position of the target pulse within the gate. I uniform
sensitivity is to be obtained, the sampling time must be small compared to the video pulse
duration.

Therefore it is best to use the video pulse length to establish the gate width. When
a gate width larger than the video pulse width is required, the video pulse width must be stretched
artificially.

The stretching merely serves the purpose of establishing the gate width in the boxcar
system. It does not alter the fact that a signal-to-noise ratio loss, equal to the ratio of the ef-
fective gate width to the unstretched video pulse, is encountered. A practical pulse-stretching
circuit is shown in Fig. VF-2,

The separation of clutter from moving targets is dependent on the choice of the low-
frequency cutoff in the high-pass filter section. The choice is in part dependent on speculation,
since the precise nature of the sea-clutter spectrum is not known. Sufficient experimental

evidence exists to indicate that the shape of the sea-clutter spectrum is roughly Gaussian. For

J attempt is made to reject more clutter by increasing the frequency ot the low-frequency cutoff
point, then, of course, the percentage of moving targets clinmiinated will further increase. Thus,
in part, the difficulty of designing a good sea-clutter-rejection system at S-band and with com-
paratively low prf's is illustrated (see Fig.VF-3).

If the greatest velocity with which any target closes on the radar is V knots, and

second. e guard ring is established by means of a number of contiguous shorter gates, how-

ever. This added complication improves both the signal-to-clutter and signal-to-no.se ratios
' < of the systera.

} It is possible to improve the performance of the system still further by building each
bandpass filter from a number of contiguous narrow-band filters. This refinement is not
scheduled for inclusion in Argus I.

The first complete equipment (Argus I, Mk 1) has been flown. Operating on coho-
corrected bipolar video from the modified APS-20-TPS-1D radar in the P2V-3W airplane, it
tripped the alarm on targets as far as 80 miles away.

Construction of the new, advanced equipment (Argus I, Mk 2) has been completed.
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As can be seen in ¥ig. VF-4, the front-panel dimensions of Argus I guard rings have
been reduced to little more than the areas of the instrument faces. The meter relay is a simple
and reliable piece of equipment which accomplishes its several tasks well, but any further sub-
stantial reduction in the size of the equipment will require abandonment of the one-meter-per-
channel alarm circuitry now in use. Equivalent circuitry is under development,

In the early Argus I equipment, provision was made to balance out, in the meter
relays themselves, the average component of gated, boxcarred, filtered, rectified video noise.
This was done so that slow changes in this average "noise” component, being cancelled out as
well, would not affect appreciably the false-alarm rate.

It has at last been realized that the simplest way to achieve this end is to keep the
average "noise” component out of the alarm device altogether. This can readily be achieved.

Argus Il is a system of automatic radar alarm using a "Rafax Bandwidth Compressor”
as the integrating device. It may be simply described by stating that it uses the perslistence
characteristics of cathode-ray-tube phosphors as the storage element in a closed-loop system.

Various phosphors have been investigated as to integration efficiency and decay time.
For the constraints imposed by the radar systems cf interest (TPS-1D and .*PS-20A), it was
found that the P12 phosphor was the most suitable. This phosphor has a specified exponential
decay with a 0.1 sec time constant. A t-st of the tube in use revealed that it actually had &
decay time constant of approximately half the listed value. This cut down the number of pulses
actually integrated and therefore lowered the detection efficiency of the system.

Sensitivity tests were conducted in conjunction with the X-1 Radalarm system at the
Lexington Field stuion. IR
able to compare the two systems on an equal false-alarm rate basis. On this basis, the Rafax
system was approximately 1 to 2db less sensitive than the Radalarm.

Increasing the gate width by a factor of 25 only resulted in a 3-db loss in sensitivity.
(The parameter held constant is the false-alarm rate.)

The Rafax successfully detects signals of the order of minimum discernible signal as
measured by eye on an A-scope presentation.

The main drawback to the system tested was its long-time instability. The troubles
experienced in this connection are similar to those reported by another group in Lincoln Labora-
tory. and result in an unstable false-alarm rate. The re-engineering suggested by that group.
such as use of automatic gain control, gain-stabilized amplifiers and low-temperature-coefficient
components, should be adequate. The solutions to these problems do not appear to be vnusually
difficult but, due to the work commitments of the group. will not be pursued until come later date.

Argus III is a proposed automatic-alarm system utilizing a video delay line as the stor-
age element in the integrating circuit. No hardware activity nas been attempted in this program.

Argus IV is another integration alarm system. The principal difference between
IV and I or 1II is that the integration takes place after the gating rather than before. Conven-
tional lumped-parameter circuitry is utilized. A simplified block diagram of the system is
shown in Fig. VF-5. Gated video is applied to a circuit that generates not a nice, square boxcar
waveform but, rather, one that has a marked exponential droop during each interpulse period.
The prf component of this signal can ke maximized by proper choice of the decay time constant.
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A narrow bandpass filter centered on the prf extracts this component, and it is rectified. The
time-on-target integration is by an RC circuit,

The explanation just given assumes that conventional (unipolar) radar video is sup-
plied to the gate. It is believed that Argus IV should woi1k about as well when supplied with rec-
tified bipolar video from a coherent radar. Use of both Argus I and IV with the same radar is
contemplated, the former working at closer ranges where there is sure to be clutter, the latter

s Bagnd

working at long range in the clear.

should allow it to serve both.

Work on Argus IV is in the developmental phase.

relatively simple.

PHYSICAL CHARACTERISTICS OF ARGUS I, MK 2

A cyclical switching arrangement in the Argus [ driver input

By comparison with Argus I, it is

Number of Plate Current | Filament Current
Vacuum-Tube | at 300-v Reg. at 6/12 v Size

Unit Envelopes (m amp) (amp) (inches)
Power supply for
6 guard rings 6 100" 10/7° 5x 7 x 194(4ATR)
Driver and noise-
balance auxiliaries
for any number of
guard rings 12 180 6/0 104 x 74 x194(ATR)
One guard ring, » 0/1.35

or
9 30 2.7/0 104 x154 x154
Total for one com-
plete guard ring 27 210 6/1.35
*Copacity
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G. AEW UHF RADAR

One approach to the problem of minimizing clutter interference is to reduce the
operating frequency of the radar system. The advantage to be gained against rain clutter is
rather large, since the intensity of rain clutter varies with the cube of the operating frequency:
the advantage obtained against sea clutter does not appear to be as large but is significant. Based
on the experimental evidence at hand, it appears that sea clutter varies approximately as the 3/2
ower width

power of the frequency. The power spectrum of sea clutter appears to have a half-

repetition-rate system can reduce the blind-velocity region. However, a reduction in wavelength
by a factor of ten will reduce the percentage of blind velocities to a negligible value and will per-
mit satisfactory use of simple filter systems.

The principal deficiencies of a low-frequency system both are dependent on the con-
straint in antenna aperture that is obviously imposed on an aircraft radar set. These are: (a)
diminished resolution, (b) diminished antenna gain. 1ln an early-warning system, in so far as
resolution is concerned, it is only necessary to plot a track of reasonable length (e.g.. 50 miles)
on penetrating aircraft and to obtain a crude estimate of the size of the flight. In the air battle
over Britain, 200-Mcps radar systems with 8° beamwidths were used for intercept operations.

It would appear reasonable then that this order of performance would be adequate for advance
warning.

The dependence of the range of the radar system on operating wavelengths must be
examined, bearing in mind the constraints imposed by the problem. Thus, the size of the air-
craft will limit the (a) antenna area, and (b) the average transmitting power; and these limits

. are independent of the choice of frequency. The nature of the problem, i.e., early warning, will
set a lower limit on the antenna rotation speed, and this, too, is independent of the choice of
operating frequency.

With the constraints which must be imposed, the range of the radar system is not

A strong argument in favor of lower-frequency systems is the likelihood that the
coefficient of reflection of the sea surface will remain large under all probable sea states, thus
giving enhanced detection ranges. This likelihood undoubtedly increases as the frequency de-
creases.

The low-frequency AEW radar shcwed sufficient promise to merit experimental

investigation. We therefore embarked on a
will be ready for experimental flights early in 1954 (see Fig. VG-2).
The antenna consists of a horizontal row of dipoles at the focus of a cylindrical pa-
- rabola 17 1/2 by 4 feet. The vertical beamwidth is expected to be about 40° and the horizontal 9°,
The antenna fits within the radome constructed for the 17-1/2-foot AN/APS-20 antenna.
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A Type N blimp is avaiable for the installation of this system. The characteristics of this airship
are such as to permit testing in fairly rough weather at altitudes of about 3000 feet. This should
be adequate to provide data on sea-clutter performance. The antenna is constructed from alumi-
num and is to weigh about 250 pounds. It will be mounted on the antenna pedestal from the

AN/APS-20C radar. In order to pass UHF, the original rotating joint will be replaced by one
that is completely coaxial.

amplifiers Ml! a low nolae llgure. !y using the Western Electric 416A triode, it was hoped

to obtain an over-all noise figure of 5db. The output of the RF amplifier is fed through a crys-
tal mixer and then into the preamplifier of the receiver. The receiver is the AN/APR-12 whose
bandpass has been narrowed for the longer transmitter pulse. The receiver has been further
modified to allow the optional use of instantaneous automatic gain control (IAGC).

The duplexer is constructed from 3-inch rigid coaxial transmission line to mate
with the output connector of the Western Electric 7C22 tube. A 3-inch to | 5/8-inch transition
after the duplexer reduces the coaxial line to the antenna to a more convenient diameter.

The construction of the antenna, duplexer, RF amplifier and modified receiver has
been undertaken by the Search Radar Division of the Naval Research Laboratory at Washington,
D.C.

The transmitter for the early experimental model is a tube developed during the last
war, the 7C22. This tube can deliver 500 watts of average power under pulse conditions. wh'ch
should be adequate for a test system.

The transmitter consists of a pair of push-pull triodes packaged in a single envelope,
the Type 7C22. The tuning cavities are an integral part of the tube. In the rada-, the 7C22

b USC 552 (b)3).10Usc1s0

The modulator is a major modification of the AN/APS-20C modulator. It is a con-
ventional line-type modulator.

There are two indicators: (1) the indicator from AN/APS-20C, which consists of
two 5-inch PPl's (one of which is delayed) and one 3-inch A-scope; and (2) the AN/APA-81, which
has a 7-inch PPI along with other operating conveniences,

A single set of components, excepting the antenna, has been connected together to
form a system. A dummy load was substituted for the antenna. The receiver was found to have
a noige figure of 6.5 db. The noise figure is 1.5 greater than anticipated, but no effort is being
made to improve it in this version. Independent development of a low -noise-figure RF head is
under way in another group in the Laboratory.

A second set of components will be assembled at Lincoln Laboratory. It is planned
to order a second antenna which, when available, will be used to continue further component de-
velopment and some system testing.

A free-space range has been computed for the experimental radar using a range-
gated alarm system of the Argus type. The approximate range on a B-29 target is expected to
be 100 miles. This should be adequate for testing, consgidering that the result may be consider -
ably better due to reflection from the sea surface. If the system shows promise'. it will be
possible to increase the range appreciably by further increase in transmitter power (which is
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moderate in the experimental system), and by improving the receiver noise figure.
The use of an antenna as large as that proposed in the sidewise -looking antenna
development would, of course, increase the range by a considerable factor.
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VI. RADIO COMMUNICATIONS

A. INTRODUCTION

During 1953, under PROJECT CORRODE, Lincoln Laboratory undertook a program
of research and development to provide suitable techniques for facilities for long-range point-

. to-point radio communication for distant carly warning. Attention was confined to two methods
of communication: ore utilizing VHF ionospheric propagation by so-called "scatter" mode; the
other utilizing tropospheric propagation at UHF and SHF.

The VHF scatter technique had been under investigation at the Massachusetts Insti- !
tute of Technology since January 1951. On the basis of results that had been obtained, Lincoln
Laboratory recommended, and undertook to assist in the implementation of, single-channel tele- )
type VHF scatter circuits for the 1953 DEW trials under PROJECT CORRODE. For these trials,

Lincoln Laboratory designed, constructed or othe. wise provided the fotlowing VHF communication
equipment:

(2) Six sets of Lincoln FSK teletype equipment, each including: an exciter for use
with the AN/FRT-6A transmitter, a dual- -diversity receiver, and a test oscillator.

(3) Six sets of NOMAC (P8D) teletype equipment, each including an exciter and
dual-diversity receiver.

In addition, continuing technical support was provided in connection with installation and initial
testing of equipment and the training of operating personnel. Attention was given also to the prob -

. lem of providing VHF scatter-circuit antennas having characteristics superior to those of
rhombics.

between Alpine and Round Hill.

Other work included development and procurement of suitable equi

eletype channeling equipment. Arrangemeats
were made with various manufacturers to furnish equipment of this kind for use in the Bell Tele-
phone Laboratories-Lincoln experimental programs. In addition, FM modulators and driver

amplifiers for use with the high-power klystrons and narrow-band FM receivers werec designed
and constructed in the Laboratory.

B. VHF POINT-TO-POINT RADIO EQUIPMENT

y For implementation of the PROJECT CORRODE VHF ionospheric-scatter circuits,
Lincoln Laboratory assumed responsibility for providing transmitters, receivers, and special
modulating and test equipment, together with necessary instruction manuals. Bell Telephone

Laboratories assumed responsibilit
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Modification kits were obtained from Collins Radio Co.,
and the E. C. Page Co. of Washington, D.C, was retained to install the kits and train operating
personnel, A prototype installation was made at the Lexington Field Station and, subsequently,
installations were made at Streator, Illinois and the Northern sites. The prototype was used to
train personnel, check out the conversion kit, and to test the operation and connections of the
Lincoln-designed teletype modulating equipment. 1t was al o used to develop methods and equip-
ment that would allow remote operation and metering. as requested by Bell Telephone Laboratories
Four special kits were fabricated to achieve this.

Two modulation systems designated as "Lincoln FSK" and *NOMAC" (P9D) were
provided. These systems are described below.

1. Lincoln FSK Equipment

The Lincoln FSK equlpment was designed and constructed for use in the VHF iono-
spherlc main-to-base full duplex radio circuit. The original design provided channel capacity
for one 60-word-per-minute teletype circuit. (Subsequent modificationa, not incorporated in
PROJECT CORRODE installations, allow four teletype circuits.)

Preliminary study of the problem of providing satisfactory main-to-basc VHF radio
clrcuits led to the conclusion that the use of conventional, commercially availablc modulating
and receiving apparatus would result in inferior performance. Accordingly, it was decided that
Lincoln Laboratory would design and manufacture special equipment, including complete receivers,
and transmitter exciters suitable for use with the AN/FRT-6A transmitters. Six complete ter-
minal equipments, each comprising one dual-diversity receiver and one transmitter exciter, and
also four test oscillators for use in recelver alignment, were designed and fabricated. Two
equipments were installed in the domestic system, and four equipments, one regular and one
spare at each {crminal, were installed in the North.

Knowledge of VHF ionospheric radio communication was rather incomplete when
PROJECT CORRODE was undertaken. Accordingly, it was deemed necessary to design the most
conservative practicable teletype modulation system, taking all reasonable precautions to mini-
mlze signal errors which might arise from propagation disturbances. In retrospect, some
features of the equipment actually provided now seem unduly conservative,

Specifically, the three unfavorable propagation characteristics considered were (1)
weak signal strength, (2) rapidly varying signal strength, and (3) Doppler-like shifts in recelved-
slgnal frequency. The latter two characteristics are caused by signal reflections from ionized
meteor tralls, It was felt that, because of the weak and varying signal strength, a frequency-
shift system was the best that could be desigued and constructed in the time available,

In order io prevent a meteoric shift in frequ ing a MARK to be read
as a SPACE, or vice versa, ﬂ Because of the expected
weak signals, however, it was necessary that the effective receiver bandwidth, before nonlinear
operations, be as narrow as possible, The receiver as built contained two narrow-band channels:
one tuned to MARK frequency, the other to SPACE frequency. The bandwidth of these channels

was made as narrow as possible consistent with the teletype signal spectrum. The noise band-
width of each channel following the narrow filter channels
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makes MARK-SPACE decisions on the basis of signal levels in the two channels. Notwithstanding
the narrow bandwidth, the receiver had to be made fast-acting to prevent errors arising from
sudden changes in signal strength. Limiters were installed to operate when the signal exceeded
three to four times the expected weakest value. The limiters do not impair the receiver's weak-
signal performance.

Because of the narrow receiver bandwidth employed, good frequency stability in
transmitter and receiver was essential. Considerable care was taken in the design of crystal
oscillators. The over-all system frequency stability achieved was about 3/101/day.

The transmitter exciter was designed to suppiy appropriate drive for one of the low-
level transmitter stages. The exciter was arranged to provide clean frequency-shift excitation
with rapid transitions. .

The performance of the equipment with nonperturbed signals was about one per cent
character error with 0.025 microvoit open-circuit input voltage referred to 50-ohm impedance
level. The input signal levei for one per cent error. as meaaured on the Streator-Holmdel
VHF circuit. was 20 db poorer* 1t was found that the 700-mile Streator-Holmdel circuit was
operable nearly ali the time with a transmitter output power of only 100 to 500 watts.

Further details on the Lincoln FSK System are contained in the equipment instruction
book (Lincoln Manual No. 2), and in a Lincoln Laboratory Technical Report now in preparat