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ABSTRACT

A phue-sta'ble pulse radar system with dual frequency
and dual range modes of operation was built to study
redar clutter. Tests using the radar have resulted
in sea and rain clutter data which are being analyzed
by APL/JHU. Instrumentation of the radar was covered
in DRL-537 ."Sea, Land, and Rain Clutter Measurement"
dated 3 May 1966. The present report covers modifi-

" cations made to the system in 1966. It describes rain

clutter measurements made in Austin and sea clutter
measurements made in Galveston, Texas, a.mi Cape COd,
Msa.chusetts.
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I. INTRODUCTION

This report describes the work done under Contractor's Work Authorization
Nos. G-3 through G-5, APL/JHU Subcontract No. 181471, Task G.
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II. MODIFICATIONS MADE TO CLUTTER MEASURFMENT EQUIPMENT

The clutter measurement equipment was described in a previous report..l
During 1966 the following modifications were made to the system to increase
its effectiveness. The transmitted power was increased from 20 W to 1000 W.
An improved frequency offset method makes possible more rapid adjustment of
frequency. Variable-range receiver blanking prevents baseline shift due to
receiver saturation by spillover and nearby targets, and variable RF attenu-
atars in the receiver permit optimizing signal level. A photograph of the
system mtn.lied in the van appears in Fig. 1. g

A.  Tlluminator

The present illuminator block diegram is shown in Fig. 2. Mput pover
is 1 XW for frequency separations of O to 500 MHz, and 20 W for a frequency
separation of 2.64 GHz. Frequency offsets from 1 kiz to 20 MHz can be switched
in a 1,2,5 sequence. Two klystrons, phase stabilized by Dymec 2654A synchro-
nizers, provide reference and offset frequencies. The reference is phase-locked
to & harmonic of the 5 MHz from the GRL115B frequency standard. The alternate
frequency is locked to a harmonic plus an offset determined by a switched
crystal oscillator. The adventages of this technique over the use of the
multiplier and offset synchronizer used formerly are

(1) Freedom from spurious '_harinonics--‘.l'he varactor multiplier was sensitive
to drivé level, power supply‘voltagg » and temperature, and therefore was not
well suited to the changing conditions which it experienced.

'(2) Indeﬁendence of sources--The offset synchrqnizei locked a klystron's
frequency at an gffset from the reference trequeh_cy by phace-comparing: the.
reference and the klystron's frequency. Therefore, if the multiplier broke
into & spurious mode, the klystron broke lock. . ;

l"'Seu, larid, and Rain Clutter Measurement,"” DRL-537, 3 May .1966.
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CLUTTER MEASUREMENT EQUIPMENT
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'(3) Wide variation of offset. frequency--Using the offset frequency to
make phase measurements nnd correct the klystron led to difficulty at lov off-
sets, vhen the offset frequency approached the band of klystron FM noise. In -
order to filter the phasce detector ripple sufficieatly the response of the
correction loop became too slow to correct the klystron's M. At offsets
above 2 MHz the wide-band phase detector was unable to supply a large enough
output to lock tre klystx;on readily. The use of the Dymec synchronizer in
the present system solved both of these problems. All phase detection is
done at a single frequency, the 30 MHz IF of the Dymec. This is high enough
to e well above any FM noise of the klystron, and the Dymec provides a large
correction voltage, 120 V, which provides a strong lock. .

(4) Increased power--One hundred mW of power is needed to drive the
1 ¥ tube. If the 20 W TWA power supply fails, &s it did at Cape Cod, the
klystrons can provide sufficient pover to drive the.l KW tube directly,
vhereas the multiplier provides only 20 mW of output power.

The Mtage of increased transmitter power is not only the increased
sensitivity for low sea states but increased range of operation.A In order’
to approximate open sea conditions, the water depth should be at least one-

" half a sea va.velengt.h. deep. Some of the wavelengths measured at Cepe Cod

vere as much as 250 ft. A water depth of 125 ft was not reached at Cape Cod
except at ranges of 3 miles or more. :

Details of operation of a.ddéd equipment are given below.

(5) 5 MHz Freguency Standard--The GR1115B replaces the H-P 103AR formerly
used on loan from another DRL section. The GR1115B has a lover noise pedestal
and has a 5 MHz output, eliminating the need for é_ 1 to 5 MHz frequency’
multiplief; The oscillator has a built-in battery floated across its dc power
supply. This enables the oscillator to hintain maximum stability despite
nightly shutdovn. : '




3. ec LA chronizers® : ;

A dlock disgram of the DY2654A Frequency Standard Synchronizer is
shown in Fig. 3. In the Synchronizer a sample of the klystron's output is
mixed wvith a harmonic spectrum derived from the 24th harmonic (120 MHz) of
%he GR1115B 5 MHz output to generate a difference frequency IF of 30 MHz.
1his is amplified, limited, and’'applied to a phase comparator, vhere it is
compared vith a 30 MHz signal also obtained from the 5 MHz standard. The '
resultant phase-seusitive output voltage is used to correct the klystron 1
oscillator frequency. '

Eince the operation is independent of whether the difference
frequency 1s obtained by having the klystron oscillator 30 MHz above or below
the selected harmonic, N, the output of the reference klystron can therefore
be any value that satisfies the expreasion '

rl-'mon:;onmz 5

As the klystron oscillator is tuned throughout its range, locking will occur
at 60 MHz intervals, each lock point frequency being an odd multiple of 30 MHz.

Synchronization of the klystron is facilitated by the search
oscillator which automatically sweeps the frequency of the free-running
klystron ‘such that the klystron need only be tuned to enter the lock range
of the synchronizer for capture to occur. When the klystron 1s locked tﬁe
search oscillator automatically turns off.

2. Frequency Converter

Offset frequencies are set by translating the sampled microwave
frequency to a lock point 60 MHz above (or below) the reference klystron

2wgngineering Data," Model 20424, Dymec, Palo Alto, Calif.
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. lock point. The freqmcy converter block diagram is shown in Fig. 4. 1Its
operation is as follows. The klystron is tuned mechanically to the desired
frequency, t2 = 1’1 : Af, in which fl is the reference frequency and Af is the

offset frequency. The crystal oscillator is switched to (60 MHz - Af), vhich
is mixed vith the sampled klystron frequency, (rl % Af). One sideband,

(£, 2 af) ¢ (60 MHz - Af), 18 selected by the band-pass filter and fed to the
1

synchronizer sample input. The synchronizer has lock points at 60 MHz intervals
and therefore locks the klystron as though its frequency were £ ¢ 60 MHz.

The twvo frequencies tl and t2 are heterodyned in another mixer to permit

monitoring the frequency offset. An oscilloscope is used to obtain a check
on the frequency offset.

3. 1 kW Traveling-Wave Amplifier

A

A pover supply was built for the ZM3144 traveling wave tube, which
had been built for the TYPHON program. The photograph of the power supply
appears in Fig. 5. A schematic diagram of the unit is shown in Fig. 6. The
tube is powered by a Universal Voltronics BRE-10-80 power supply, which pro-
vides up to 10 kV at 80 mA. The BRE-10-80 has been adapted to this use by
incorporation of a pulse-mode circuit which enables the regulating circuit to
operate properly with the power supply connected across the 5 uF energy
storage capacitor. The power supply also has a built-in Variac in its primary
circuit so that t_he energy storage capacitor can be brought up to operating
voltage without exceedirig the power supply rated current.

The energy storage capacitor was chosen to maintain supply voltage
across the ZM31LL tube constant within 10 V, which corresponds to approximately
2 deg of phase; however, in normal operation, phase stability is somewhat better.
Assuming that the tute is being operated at its long-term duty cycle limit and
at a repetition rate of 6 kHz, a maximum anode current of 1.07 A and a 1.17 psec
éurrent pulse width, the voltage across the 5 uF capacitor will drop H
(1.07 A)(2.17 - 1076

sec) _
(5. 10.'31-*)

0.25 V during each pulse.
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FIGURE 5
1-kW TRAVELING WAVE AMPLIFIER

FRONT VIEW .

181471.G-49
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The BRE-10-80 regulated power supply will respond in approximately
2 msec so that the voltage across the capacitor will drop no more than

(0.25 V)(2 - 10" %sec)(6 + 10° Bz) = 3 V . . ; '

corresponding to 0.6 deg, at 100 mW of drive. The cepacitor has an inductance

of 0.06 uH. At a turn-on time of 0.5 usec, L di/at & 0.12 V, which is negligible. |
" The RF pulse width is determined by the H-P 8733B Pin modulator vhich forms an

RF pulse bracketed by the TWT grid pulse. i

The tube is protected bj’a crowbar circuit which places a short across
the tube in case the beam current becomes excessive and also shuts off the beam
supply. Other safeguards include an over-temperature switch which shuts off
the grid pulse in case of overheating, and interlocks to prevent the application
of potentials in incorrect order. An fon pump supply is vrovided to maintain
the vacuum when the TWA is off.

Operation of the amplifier is as follows. With the front peanel
switch in the position TWA ON, the regulated dc filament supply and the two
fans turn on. A 3-min delay relay is actuated by fhe filement voltage. A
‘six-V relay is actuated at the end of the 3-min period, cutting out the delay
relay heating element and switching on line voltage to the grid bias supply.
Line voltage for the filament and grid bias supplies is isolated from ground
by a -1:1 transformer which is insulated for 15 kV. These supplies are floated
at cathode potential. When the grid bias supply reaches a sufficient level a
28-V relay is actuated, supplying 6 V dc from the filament supply to the
Raytheon CK1108 High Voltage Isolator. The isolator outpﬁt resistance is
controlled by the isolator input voltage. Twenty-eight volts applied to the
interlock relay through the isolator ON resistance causes this relay to close.
This, in turn, closes an interlock in the beam supply, provided the crovbar -
interlock is closed. Grid pulses are inhibited if the grid bias is not present
or if the over-temperature switch closes. In case of overheating the grid
pulse is interrupted until the heat sink cools 15°F. Cathode current pulses
can be observed using the crowbar input test point, which is across the »

12
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3.9-ohm resistor between the energy storage capacitor positive terminal and
ground. In case of. arcing'or other causes of excessive current in the WA,
& voltage is developed across this resistor, triggering the crowbar unit.
Within a few nicroseconds the crowbar thyratron is triuu-eq, initisting a
current limited by the Si-ohm discharge resister. The 108-ohm discharge
resistor between the TWT and the thyratron prevents a short in the WA frca
loading the thyratron and preventing its firing. The three resistors also
limit arc current availsble to the TVT..

The heat sink for the traveling vave tube consists of an al.u-im-
channel vith 165 1-1/2 in. aluminum screws fastened to the inside of the web.
The tube is screwed down to the other side which has been.surfaced to make
‘good thermal contact. The 'cha.nnel_ is covered to act as a duct for the blover,
vhich is also fastened to the heat sink. No overheating was experienced
during the Cape Cod tests. '

The grid driver schematic is shown in Fig. 7. A negative 3-V pulse
applied to 1ts input gates a 375-V pulse into the grid of the TWA. The ampli-
tude of the pulse is adjustable by varying the supply voltage applied to the
driver. -

4.  Klystron Sources

The C-bend klystron source block diagram is shown in Fig. 8. Its
manual tuning point is 1ndicated._by ‘a geared turns-counting dial. A front
panel meter indicates relative power. : The klystron is buffered by a 40 4B
:lsqlator. Another 40 dB isolator prévents the harmonics of 120 MHz generated
in the synchronizer from reaching i'.he frequency offset mixer » and a third
4o dB isolator prevents the reference klystron signal from reaching the
synchronizer fer the offset frequency klystron. ;
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m'c- and X-band kiystron source schematic is shown in Fig. 9.
The é—' and X-band klystrons are mounted on one chassis, each buffered by a
kO aB isolator, - The desired klystron is selected by a fromt panel switch
vhich operates a solenoid microvave switch and also switches supply voltages
between tbe two tubes. Turns-counting dials indicats manual tuning point.
A level control is available on the front panel along with a meter to indi-
cate relative power. A leveling circgit is installed in the unit which may
be used at somewhat reduced power output. A meter on the front panel
indicates 'rghiive power. ' ;

B. Synchronizing System -

The synchronizing system is shown schematically in Fig. 10. The grid
bracketing pulse vas added, the PRF vas made verisble, and the receiver
blanking pulse wvas made variable from O to 15 usec. A divider by 2 converts
100 kHz from the GRL115B to 50 kiz which is recorded as s frequency reference
on one channel of the tape. ) '
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III. PAIN CLUTTER MEASUREMENTS AT AUSTIN
During the mounths of May, June, and July the clutter radar was set up to
measure rain clutier at the Balcones Research Center. A 22 x 13 ft shelter
10 £t high vas erected to shelter the antennas.

Most of the rains observed were feirly localized so that it was necessary
to range track the rain manually and to follow the rain in azimuth. It was
difficult to obtain much data in this manner because rains are rarely heavy
in Austin, and often only one man would arrive at the site in time to get
data. Many unsuccessful attempts were made, the rairs being too light or of
too short duration. The rain clutter measurements were all made with only
20 W of transmitted pover, which limited the range.

One heavy rain was observed and data were taken at various ranges.
Differential range data were taken at 0.1, 0.3, 1, 3 and 10 usec pulses with
0, 50, 80, 100, 120, 150, 200 and 300 percent range differential between
alternate pulses. Differential frequency data were taken at each of the above
pulse widths with frequency separations of 0.3, 1 and 2 or 3 times the inverse
of the pulse width. .

Data on other occasions usually included differential range data at ore

or two pulse widths as well as two or three differential frequencies at each
pulse width used..
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IV. GALVESTON SHAKEDOWN TRIP

On 19 October 1966 the 1 kW tube was turned on under the careful
supervision of Adam Bulharowski of APL. On 20 October the radar vas driven
to Galveston to determine the system's sensitivity to sea clutter and to
determine readiness for a longer field trip. A calibration was made there
using a corner reflector at a range delay of 3.9 usec. The Gulf gave a
pubstantial return out to 0.8 miles, although it was not very rough. Sea
clutter data were recorded for various differential range and differential
frequency settings. :

ik
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V.. CLUTTER MEASUREMENT PROGRAM AT CAPE COD

A. Transportation

The clutter measurement equipment was transport:ed by rail from Austin to
Boston. Tvo flat cars were used. The two generator trucks and the generator
trailer vere mounted on one, and the semi-trailer, tractor and station wagon
vere mounted on the other. The van vas mounted on a Hydra-Cushion car to
minimize shock to the equipment. No perceptible damage occurred -in transit.
The equipment vas chocked with sections of railroad tie and tied down with
one-half in. steel cable. The photographs 1nv Figs. 11 aud 12 show the equip-
ment mounted. It was mounted and dismounted by members of the field test
section, headed by George Blankenship, using military-approved procedures with
some improvements. ‘ ' ; ’

B. Setting Up Exercises

The clutter measurement equipment was set up at the GATR site of North

Truro Air Force suuim, Cape Cod, Massachusetts. ‘Since it was not possible
to drive the trucks on the beach it was neceséa.ry to set up the bistatic

; ‘receiving antenna from the top of the hill. A place was dug 50 ft up the side
of the hill from the beach. The emplacement was réinforced by several rail-
road ties, and the mount was slid into place by' a steel cable which was played
out from a generator fmck. A set of pictures in Fig. 13 shows the sétting up
of the receiver site. : ‘

~.C.  Site Geometry and Geography

level differed by 14 ft between two charts used.

The geography :l.s shown in Hé. 15. The ‘chart has been marked with lin'es
of constant range delay and with transmitter dial azimuth. When the antennas
were restored on 14 December the izimuth séttings were changed. This is :
indicated by two sets of azimuth dials on the chart. }
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The clutter site geometry is shown in Fig. 14. The height above mean sea’
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D'. Polarization Error

As the poli.rization of the log periodic antennas is hpt reidily apparent, -

the two polarizations vere incorrectly stated in all of the Cape Cod deta.
Hovever, thie polarization error was co@aistéht and can be corrected by
reversing the noted polarization. A photograph showing the antenna in what
was called horizontal polarization is shown in Fig. 16. - It vas taken as a
check on po;ariutioh and the assumed polarization noted on the back of the
photograph. -‘i'he polari’zatiog shown is actually vertical, as indicated in the

literature. b

_ B, Clutter Measurement

A seven-track tape recorder, a motor-drive generator, and a time-code
generator vere loaned by APL for the tests. The time code provides a means
of locating data more precisely on the tape. Fifty kiz, derived from the
GR1115B 100 kHz output, were recorded on another channel. This, together

" with the' use of the motor-drive generator to stabilize recording speed,

should make possible good retrieval of the data. Four general types of radar

data were taken. These were differential range, differential frequency,
" Doppler, and range-tracked vaves or swell. The differential range, expressed

as parts of a pulse width, is given in Table I for each pulse width used.
Table II gives differential frequency expressed as parts of the inverse of '

the pulse width. Doppler data consisted of 5 single-frequency runs in quarter-

quadrants -of szimuth at pulse widths of 0.1, 1.0, and 10.0 usec. Waves or
swell vere range-tracked by using the A-scope presentation and tracking strong
reflections with the range gate. ﬁxlse and gate widths or 0.1 usec were used.
It was possible to track some reflectioné for one-half_mile-or more vwhen the
sea.was rough enough to produce many white caps. '(See Appendix B for photo-
graphs of the sea;.) The technique was used on swells at short range on

I‘.bIaaék, "Antenna Engineering Handbook;" McGraw-Eill Book Co., New York, 1961,
p -1_-'110
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- ﬂ TABLE I
DIFFERENTIAL RANGE L
Pulse Width " Differential Range Delay, Parts of Pulse Width
i i = ¥
E 0.1 psec 0 1/k 1/2 1 2 R 8 20
[ 0.3 o 1/6 1/3 2/3 1 2 L € 20
i 1.0 0 1/ 1/2 u/s5 ) IR - 4 8 20
[ 3.0 6. 36 kol o4 & O h 8
f 10.0 o s 1f2 W5 1 2 &
3 I
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I
> [ |
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K l TABLE II
;' DIFFERENTTAL FREQUENCY
|
Bl f
| Pulse Width - Differential Frequency,
I : [ Expressed in Parts of Tuverse of Pulse Width
|
' 0.1 usec 0.01 0.1. 0.2 0.5 TR : |
‘ [ 0.3 0.015 0.15 0.6 1.5 3 6
|| > . ‘
ll [ 1.0 0.01 0.1 0.5 1 : 20 :
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; 3.0 ~ 0.015 0.15 0.6 1.5 6 60 J
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10 December. Oa 12 December an attempt vas made to track vaves, but there
vere fev vhite caps, and this probably is related to the lack of trackable

vaves.” Figure 1T shows the A-scope at 3 cec intervals vith a 1 usec/ca |

sveep. Note that not very msny of the reflections can be foliowed in range. :
A similar set of photographs vas taken on 14 December (Fig. 18) vhen there ‘
vere many vhite caps and many easily tracked reflections. FPhotcgraphs are Bk -
8150 shown for 15 December vhen it vas possible to track the wvaves very
easily (Fig. 19). One set of data vas taken on 15 December, at vhich time
the frequency vas offset by differing amounts, from 100 kHz to 60 MHz, vhile
tracking the vaves.
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2 "Sea Clutter Studies Using Airborne Coherent Radar II," Control Systems
Laboratory, Urbana, Ill., 1953.
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VI. CONCLUSIONS

From limited observations of sea clutter using 0.1 usec bulses it seems
tl|ht predominantly area-extensive sea clutter exists only for low sea states,
vhen the vidth of the pulse is too great to resolve individual reflectors.

As the sea state increases the dominant reflectors move apart, and vhen the
s¢a is rolling enough to produce white caps, individual reflectors are able
t¢ maintain their identity as though associated with individual waves. Since
the sea is rolling, a sufficiently flat surface is likely to exist, the normal
to vhich bisects the angle betveen transmitting and receiving antennas. The
‘surface vould tend to move cqntinuously with tine , unless broken up by
turbulence, making it possible to track this flat-plate reflector for several
seconds. A calculation shows that a flat plate of 0.1 sq ft would produce a
video signal of the magnitude observed.

Some individual reflections in Fig. 18 are approximately 2 V peak-to-peak.
This corresponded to roughly 120 dB attenuation between transmitter and
receiver.  From the radar equation, the attenuation would be the transmitted
power divided by the received power, or - :

N

3
attenuation = .'I.O12 "G:“S_E)_L

)

)3 (3500)"
g =
- (1600)%(0.2)%10%2

For a flat plate of area A,

Substituting,
A 0.1 8q ft .
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m-‘ type of sea clutter should be correlated for large frequency offsets.
One un of dittmntial frequency range-tracked waves vas taken in which ‘the
frequency offset vas ua.de as high as 60 unz to test this polll:lbility.

In high seas such as those observed at capecodonl.}, 14 and 15 December
clutter averaging methods would probably not be too effective in suppressing
clutter because of the spikiness of the sea return. An alternate method would
be to range-tnck the vaves automatically, opening the target gate in synchro-
nisa vith the passing of & trough.
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Following is a list of the particular types of data taken each
b1 4

Daily Data.
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Photos of Sea. Following are Polaroid photographs of the sea from the

clutter measurement site.
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