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ABSTRACT 

• 

-

A phase-stable pulse radar system with dual frequency -

• • . and du&1 range modes of operation was built to study
• radar clutter. Tests using the radar have resulted

• • in sea and rain clutter data which are being analyzed
• 

• I 
- • by APTq’JHU.. Instrumentation of the radar was covered

• - • in IMU -537 “Sea, Land, and Rain Clutter Measurement”
dated 3 l~ y 1966. The present report covers modifi-

• cat ions made to the system in 1966. It describes rain

I . clutter measurements made in Austin and sea clutter
- • 

• measurements made in Galveston, Texas, and Cape Cod,
• Msssachusetts. . - •
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II. MODIFICATIONS MADE TO CUII’TER MEASUE!MENT EQUIPMEWI’

• 
The clutter measurement equipaérit was described in a previous report .3 

•

£ During 1966 the following modifications were made to the system to increase
• 

- 
its effectiveness. The transmitted power was increased from 20 V to 1000 V.

• 
An improved frequency offset method kes possible more rapid adjustment of

• - frequency. Variable-range receiver blanking prevents baseline shi ft due to

I receiver satu-rst ion by spillover and nearby targets , and variable RF attenu-
ators in the receiver permit optimizing aigeal level. A photograph of the
system installed in the van appears in Fig. 1. - - —

~~~

. - A. Illuminator . . 
•

• The present ilbainatoi- block diagram i~ shown in Fig. 2. Output power
- ia 1 W for frequency seperat ions of 0 to 500 14Hz, and 20 V for a freq uency

separation of 2.614 3Hz . Frequency offsets from 1 kfls to 20 MHz can be switched

- 
in a 1,2,5 sequence. Two klystrcns,- phase stabilized by Dymec 26514A ayuchro-

• nizers, provide reference and offset fr equencies . The reference is phase-locked

- ! T 
to a harmonic of~ the 5 MHz from the GR1L15B frequency standard. The alternate

A • frequency is locked to a harmonic plus an offset determined by a switched

f crystal oscillator. The advantages of this teéhnique over the use of the

1 mult&plltr and offset synchronizer used formerly are

- 
- I (1) Freedom from spurious harfli onics--The varacto r multiplier was sensitive

- 
to drive level , power supply voltage ) and temperature , and therefore was not
well suited to the changing conditio ns which it experienced. 

- 

-

I • 

- (2) Independence of sources- -The offset synchronizer locked a k],ystron’ a
£ frequency at an offset from the reference frequency by phase-co mparin g- the. • 

-

• reference and the k].ystron ’s frequency. Therefore , if the multiplie r broke

L 
- 

into a spurious mode, the klystron broke lock. . -

- 

- 

• 
- - -

1”Sea, Land, and Rain Clutter. Measurement ,” DRL-537, 3 May 1966.
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• (3) Wide variation of offset . frequency--Using the offset frequency to
I • make phase m asure.ents and correct the klystroe lad to di fficulty at low off-

sets , when the offset frequency approached the band of kl.ystrcn ~l4 noise. In
I order to filter th, phase detector ripple sufficiestly the response of the

correction loop became too slow to correct the klystron’s fl4. At offset s
above 2 MHz the wide-band phase detect or was unable to supply a large enough
output to lock tt~. kl.ystron readily. The use of the Dynec synchro nizer in
the present system solved both of these problems. All phase detection is
dons at a single frequency, the 30 14Hz IF of the Dymec . This is high enough

• to be veil above any fl4 noise of the kl.ystron, and the Dymec provides a large
I correct ion voltage, ~~O V, which provides a strong lock.

I • (14) There set power--Gee hundred isV of power is needed to drive the
• 1. kW tube. If the 20 V TWA power supply fails , as it did at Cape Cod, the• I kly.tr ons can provide sufficient power to drive the - 1 W tube directly,

whereas the multiplier provides only 20 isV of output power.

• The advantage of increased transmitter power is not only the increased

• I sensitivity for low sea states but increased range of operation . In order
I to approximate open sea conditions , the water depth should be at least one-

• hilt a sea wavelength deep. Some of the waveleng ths leasured at Cape Cod
I wire as much as 250 ft • A water depth of 125 ft was not reached at Cape Cod

except at ranges of 3 mills or more.
t 

•
- -

Details of operation of added equipuent ~re given below. -

(5) 5 MHz Frequency Standard--The GE1115B rip laces the H-P LO3AR formerly
used on loan frà m another DEL section . The GR1115B has a lower noise pedestal

• and has a 5. lOis output , eliminati ng the need for a 1 to 5 MHz frequency - - . •

• multipli er~ The -oscillator has a built-in batte ry floated across its dc power
supply. This enables the oscillator to maintain maximum stability despite

- 
• 

• nightly shutdown . • • 
-

- - 
- 5 _  -
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1. Dya.c 2651eA Synchronizers2

A block diagram of the DY26~14A P~’equency Standard Synchronizer is
I 

• shoma in Pig. 3. In the Synchronizer a sample of the klystron’s o4put is
mixed with a harmonic spectrus derived fro. the 214th harmonic (120 MHz ) of

• the GRU 133 5 MHz output to generate a difference fr.quency IF of 30 MHz .
This i~ amplified, limited , and applied to a phase comparator, where it ii

I - - 

Compared with a 30 14Hz signal also obt’iined from the 5 11Hz standard . The
j-esultant phas~-.eusitive output voltage is used to correct th klystron
oscillator frequency. • 

-

- 

- 
Since the operation ii independent of whether the difference

I frequency is obtained by having the klyutrcn oscillator 30 11Hz above or below
-

• 
the selected harmonic, N, the output of the refer ence klystron can therefore
be any value that satisfies the expression

I f1 . 120Na30 1wz

• T As the klyatron oscillator is tuned throughout its range, locking will occur
£ at 60 14Hz intervals , each lock point frequency being an odd multiple of 30 MHz .

Synchronization of the klystron is facilitated by the search
oscillat or which automatical ly sweeps the frequency of the free-running

I kl,ystron -such that the klystron need only be tuned to enter the lock range • - -

of the synchronizer for capture to occur. When the klystron is locked the

- •- 
search oscillator aut omatically turns aft.

1 2. Frequency Converter •

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

[ 
_ _ _ _

2”Engineer ing Data ,” Model 20b2A, Dymec, Palo Alto, Calif.
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: lock point . The frequency converter block diagram is shown in Fig. 14. Its

T Operation is as follows. The klyatron is tuned mechanically to the desired
1 frequency, f2 - f1 ± At, in which f1 is the reference frequency end At is the

I offset frequency. The crystal oscillator is switched to (60 MHz - At), which
- is mixed with the sampled kl.ystron frequency, (t1 * At). One sideband,

- 

I Cc 
± A t)  * (60 MHz - At), is selected by the band-pass filter and fed to the

synchronizer sample input . The synchronizer has lock points at 60 14Hz interva ls
and therefore locks the kl.ystron as though its frequency were f1 ± 60 MHz .

The two frequencies t1 and f2 are heterodyned in anot her mixer to permit

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

-

I 
_ _ _ _ _ _

• - •

• 3. 1 kW Travelin g-Wave Amplifier

A power supply was built for the ~ (3lle4 traveling wave tube, which

I 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 powere d by a Universal Voltronics BRE-lO-80 power supply, which pro-
vides up to 10 kV at 80 mA. The BRE-lO-80 has been adapted to-this use by
incorporation of a pulse-mode circuit which enables the regu lating circuit to

I operate properly with the power supp ly connect ed across the 5 pP energy
storage capacit or. The power supply also has a built-in Variac in its pr imary

I circuit so that the energy stor age capacito r can be brought up to operati ng
voltage without exceeding the power supply rated current. -

The ener gy storage capacitor was chosen to maintain supply voltage
across the 7J43l4~1 tube constant within 10 V, which corresponds to app roximate ly

j  2 deg of phase; however , in normal operation , phase stability is somewhat better .
Assuming that the tube is being operated at its long-term duty cycle limit and -

• 
at a repetitio n rate of 6 kllz , a maximum anode current of 1.07 A and a 1.17 p8cc
current pulse width , the voltage across the 5 pP capacitor will dr op

(1.07 A)(l.lT - 10 6sec) 0.2~ V during each pulse.
• (5. 10 6?) -
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I Th. BEE 10 80 regulated power supp ly will respond in approximately
2 ieee so that the voltage across the capacitor will drop no more than

I - (0.25 v)(2 • i03sec)(6 ~~ Ba) — 3 V ,

I co~-respon&tng to 0.6 deg, at 100 mW of drive. The capacitor has an inductance
of 0.06 pH. At a turn-on time of 0.5 psec, L di/dt a 0.12 V, which is negligible.

-— 
• - Th~ HF pulse width is• • determined by the H-P 8T33B Pin modulator which forms an

HF pulse bracketed by the NT grid pulse.

The tube is protected by a crowbar circuit which places a short acro ss
• the tube in case the beam current becomes excessive and also shuts off the beam

I 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 ion puep supply is provided to maintain

the vacuum when the TWA is off.

Operation of the amplifier is as follows. With the front panel
— - I switch in the position ~ISJA ON, the regulated do filament supply and the two

fans turn on. A 3-mm delay relay is actuated by the filament voltage. A
- six-V relay is actuated at the end of the 3-mm period, cutting out the delay
relay heati ng element and switching on line voltage to the gr id bias supp ly.
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, supplyi ng 6 V do from the filament supply to the

• - - Baytheon CKliO8 High Voltage Isolator. The isolator output resistance is

I controlled by the isolator input voltage. Twenty-eight volts applied to the

interlock relay throug h the Isolator ON resistance causes this relay to close.
This, in turn, closes an inter lock in the beam supply, provided the crowbar 

- 
-

3 int~rlock is closed. Grid pulses are inhibited if the grid bias is not present
or if the over-temperature switch closes. In case of overheati ng the grid 

- 
-

- pulse is interrupted until the heat sink cools l5 F. Cathode current pulses •

— 
can be observed us ing the crowbar input test point, which is • across the

-12r ~.. .~~ .. .~.., S. . SI... ~L -SS~~~. S ~~~~~~~~ ~~~ - -

/ I. 

III~~~~I..
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3. 9-oba resistor between the ener~ ’- storage capacitor positive terminal end
ground. In case of- arcing or other causes of excessive current in the WA,

- - I - - a voltage is developed acro ss this resistor , triggering the crowbar umit.
- — Within a few microseconds the crowbar thyratron i~ triggered, initiating a

• 
• current limited by the 5~i-obm discharge resister . The 108-cha discharg e

I resistor between the NT and the thyratron prevents a short in the WA from

- - • 
loading the thyratron and preventing its firing. The three resistors also

- - 

• I - 

limit arc current available to the NT.

I • The heat sink for the traveli ng wave tube óonsists of an alumini
- channel with 165 1-1/2 in. • alumin um screws fastened to the inside of the web.

The tube is screwed down to the other side which has been - surfaced to meke
• - - 

- - 
good thermal contact. The channel is covered to act as a duct for the blower;

• which is also fasteàed to the heat sink~ No overheati ng was experienced
• duri ng the Cape Cod tests.

I The gr id driver schematic is shown in Fig. 7. A negative 3-V pulse •

applied to its input gates a 375-V pulse into the grid of the TWA. The ampli-
• tude of the pulse Is adju stable by varying the supply voltage applied to the

- 

- 

driver. - 

- 
• - • - • 

- - -

-

• - Ii. Klystron Sources • 
•

- I - The C-band klystron source block diagram is shown In Fig. 8. Its
manual tuning point is indicated by a geared turns-counti ng dial. A front

-
- 

- 

panel met.er~ indicates relative power. 
- 

The klystron is buffered by a ~4O dB 
• 

- 

-

- isolator . Another ~iO dB isolator prevent s the harmonics of 120 MHz generated

I in the synchronizer from reachi ng the frequency offset mixer , an~ a third
h O dB isolator prevents the reference klystron signal from reachi ng the

- synchronizer for the offset frequenc~r klyàtron. - - 
- •

-r 
- 

- - 

• 

- 

- 

- 

- 

-
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C- end X-bsnd k3~ystron source schematic is shown in Fig. 9.
R me C-~ and X-band klystrona are aonnted on one chassis, each buffered by a

• 
- - 

V 
• 110 dB Isolator , The desired kl~ystrcn is selected by a front panel switch 

•

I which operates a solenoid microwave switch and also switches supply voltages
between the two tubes. Turns-couflting dial.. indicate manuAl tuning point.

- 
A level control ii available on the front panel along with a meter to m di-

- 
- - 

cate relative power. A leveling circuit is installed in the unit which may
be mend at somewhat reduced power output. A meter on the front panel •

- 
indicates relative power. • 

- 
•

B. SynchronizIng System 
-

- I • The synchronizing syatem is shown schematically in Fig. 10. The grid
bracketing pulse was ath ed, the PHF was made variable, and the receiver
•blanblug pulse was made variable from 0 to 15 psec. A divider by 2 converts

- -

- 

• 100 kHz from the GR11I5B to 50 kEs which is recorded as a frequency reference
on one channel of the tape.
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UI. MU CUfl’I’ER MEASU1~~4EWi’S AT AUSTIN

wrIng th. months of May, June, and Ju ly the clutter radar was set up to

J - easure rain clutter at the Balcones Hesear ch Center. A 22 x 13 ft shelter
- 10 ft high was erected to shelter the antennas.

-
, 

- 
Most of the rain s observed were fairly localized so that it was necessary

to range tradk the rain manually end 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

— I data. Many unsuccessful. attempts were made, the rai ns being too light or of
too short duration, The rain clutter measurements were all made with only
20 V of tr nsmitted paver , which limited the range .

I OUe 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 isec pulses with
0, 50 80, 100, 120, 150, 200 and 300 percent range differential between

• alternat e pulses. Different ial frequency data were taken at each of the above
- I pulse widths with frequency separations of 0.3, 1 and 2 or 3 t imes the inverse

of the pulse width. -

I 1~ ta on other occasions usually included differential range data at one
• or -two pulse widths as well -as two or three differential freq~iencies at each

pulse width used. -

\\
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IV. GALV~~TC1I SHAJCED(~IN TRIP

- Oc 19 October 1966 the 1. ~~I tube was turned on under the car eful
supervision of Adam Bulharovski of APL. Oc 20 October the radar was driven
to Galveston to determine the system’s sensitivity -to sea clutter and to

J ~etermine readiness for a longer field trip . A calibration was made there
- - Using a corner reflector ~t a range delay of 3.9 psec. The Gulf gave a

I ~ubstantial, return out to 0.8 miles, although it- was not very rough. Sea
• - -- clutter data were recorded for various differential ren~e and differential

frequency setting s.
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V. - CWt’1’~~ MEASUR~ 4ENT PROGRAM AT CAPE COD

- - 
- A. Transpo rt ation - 

- 

- 
- -

The clutter measurement equipuent was transported by rail from Austin to

- 

- Boston. Two flat cars were used. The two generator trucks and the generator

- 
trailer were mounted on one, and the semi-trailer, tractor and station wagon
were mounted on -the other. The van was mounted on a Hydra-Cushion car to

- 
- 

- I minimize shock to the equipuent . No percep tible IiRI ’IR ge occurred -in transit .
The equipuent was chocked with sections of railroad tie and tied down with

- I one-half in. steel cable . The photographs in 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 - 

-

I The clutter measurement equil*sent was set up at the GATE site of North
Truro Air Forc e Station , Cape Cod, Massachusetts. Since it was not possible

- 
- 

- to dr ive the trucks on the beach it was necessary to set up the bistatic
receiving antenna (ron the top of the bill. A place was dug ~O ft up the side ç

I of the hill from the beach. The emplacement was reinforced by several rail-
road ties, and the mount was slid into place by a steel cable which was played

I 
- out from a generator truck. A set of pictures in Fig. 13 shows the setting up

of the receiver site. - 

- 
-

‘ I - 

- C. - Site Geometry and Geograph y - 
-

I - 

- 

The clutter sIte geomet ry is shown in Fig. l~. The height above mean sea
- - 

- level differed by l~ ft between two charts used. 
- - 

- 
- 

- -

- The geography is shown in Fig. 15. The -chart has been marked with lines
- 

T 
- 

- 
of constant range delay 

- 
and with tr ansmitter dial azimuth. When the antennas

1 - were restor ed on l1e December the azimuth settings were changed. This is -

- 

indicated by two sets of azimuth dials on the chart . -

- - 
- 
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5- - D. Polarimption Pa-ror - 

-

An the polarization of the log -periodic antennas is not readily apparent,
the two polarizations were incorrect ly stated in all. of the Cape Cod data.
However, the polarization , error was consistent 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 was taken as a

I check on polarization and the assumed polarization noted on the back of the
photograph. - The polarization shown is actually vertical , as indicated in the - -

literature.

~ 

- 

- 

-
-

- L Clutter Measurement -

- 

- A seven-track tape recorder, a motor-driv, generator , and a time-code
I - generator were loaned b APL for the tests. The t ime code provides a means

— 
- of locating data more precisely on the tape . Fifty kRz, derived fron the

I GRX115B 100 kHz output, were recorded - en another i~bannel. This, together
with the use of the motor-drive generator to stsbilize recording speed,
should make possible good retrieval of the data. Four general types of radar

- data were taken . These were different ial range, differential frequency,

1’ Doppler, and range-tracked waves or swell. The, differential range, expressed
I 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-fr equen cy runs in quarter-

-
~~~ 

quadranti-of azimuth at pulse widths of 0.1, ‘-1.0, and 10.0 Msee. Waves or

[ 

- 

sWell were range-tracked by using the A-scope presentation and tracki ng stro ng

— 
reflections with the range gate. Pulse and gate widths of 0~l. ~sec were used.

L It was possible to track some reflections for one-half fltile or more when 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

- 

kJa sik, “Antenna Engineering Handbook ” McGraw-Hill Book Co. , New York , 1961,
p 2!-~~ - -

- 
- - 

- 

- 

- 

- 

- 
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fl~rr~~~~~~~ AL R~~~E

I -

Pulse Width Differential Range Delay, Parts of Puls e Width - -

- - 0.1 pace 0 3/4 312 1 2 4 8 20

I 0.3 0 1/6 i./~ 2/3 1. 2 4 8 2 0
1 3.0 0 i/k 1/2 4/~ ]. 2 4 8 20

- 3.0 0 1/6 i./~ 2/3 3. 2 4 8

lO.Ô 0 i/k 1/2 4/~ 1 2  4

C 

- 

-

C

[ 

TABTE II
- 

DIFFERENTIAL FREQUENCY

C
Pulse Width - Differential Frequency, -

Expressed in Parts of Inverse of Pulse Width -

0.1 &sec 0.01 0.1 0.2 0.5 1 
- 

2

• [ 0.3 0.015 0.15 0.6 1.5 3 6 
- 

• -:

1.0 0.01 0.1 0.5 1 20

L - 3.0 .
‘ 0.015 0. 15 0.6 1.5 6 60-

T 10.0 0.01 0.1 0.5 1 10 100
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30 December. ~~ 12 December an att empt was mad. to track waves, but there

- -
. ~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~ ~~~~ ~~~ ~~~~~ P~~ b~b~3’ ~~ ~~~ed to th. lack of tz~ ckebls

f waves.’ Figure 17 shova the A-scope at 3 sec interval. with a 1 e~asc/en
1 sweep. h ate that not very many of the reflecti ons can be followed in rang..

A similar set of photographs was tekin on ~Ie December (Fig. 18) when there- were many white cap. and many easily tracked reflections. Photograph. are
• - also shown for 15 December when it was possible to track the waves very

I e~~ily (Fig. 39). ~~e set of dat a was taken on 15 December, at which time
the frequency was offset by differing smounts, iron 100 liHz to 60 MHz, while

I tracking th. waves.
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— 1 - 1
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‘ ‘“Sea Clutter Studies Using Airborne Coherent -Radar II , ” Control Systeas
- - laboratory, Urbana, Ill., 1953.
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VI. C0hVCT~L~ IOIIS

- Pron limited observations of sea clutter using 0.3. pace pulses it seems - - 
-

- --_ :- 1 that predominantly area-extensive sea clutter exists only for low sea states,
when the width of the pulse is too great to resolve individual reflectors.

- the sea state increases the dominant reflectors move apart , and when the
- 

- - - 

~~a is roll-fog enough to produce white caps, individual reflectors are able
- t4 maintain their identity as though associated with individual, waves. Since

the sea is roiling, a sufficiently fi.t surface is likely to exist, the normal

T 
to which bisects th , angle between transmitting and receiving - antennas. The

..— -surface would tend to move cqntinuoualy with time, unless broken up by
- 

I turbulence , making it possible to track this fiat-plate reflector for severs].
- -, seconds. A calculation shows that a flat plate of 0.1 sq ft would produce a

- 

- 
‘~
. - video signal of the magnitude observed. -

I - -

- 
Some individual reflections in Pig. 18 are approxImately 2 V peak-to-peak. -

-“
p - 

This corresponded to roughly 320 dB attenuation between transmitter and 
-

- 

- receiver. - From the - radar equation, the attenuation would be the transmitted

[ V power divided by the received power , or - -

I attenuation — 10~~ _
~~~~~~~~~~

—
~~~

-- 

-

- - 

- 
- 

an,.. L’~s)~ (3500)~~ . 

-

r - (~~ )())2(o 2)21o12 
-

/ a.
Pbr a flat plate of area A, - -

- 

-
-

/ ~$xA2 -

a — —  .
-- 1..

- - Substituting, - - 

- - 
-

A m O . ]. sq ft . -

- -
—
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7 This type of sea clutter should be correlated for large frequency offsets.

- 
1- ~~e ?Ufl of differential frequency range-tracked waves was take n in which ‘the

- 

- - - frequency offset was made as high as 60 14Hz to test th is possibility. -

- - 

- 

- 
In high seas such as those observed at Cape Cod on 13, 3.~& and l~ December

— - I - clutt er averaging methods would probably not be too effective In suppressing - -
- - 

clutter becau se of the spikiness of the sea return. An alternate method would
be to range-track the waves automatically, opening the target gate in synchro- - 

•

- aiim with the passing of a trough. 
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