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Abstract

The anti-clutter problem resoclves itself mainly into the
detection of rapidly moving targets in the presénce of a large number
of stztionary or sléwly moving targets. This is particularly so for
air-search radars as used avoard U.S. Naval vessels.

Improved resclution in the radar equipment is a help sgainst
clutter but does not completely solve the sircraft detection problem.

Non-coherent pulse doppler may have special applications where
it is desi:ed to detect moving targets among clutter but for general
search applications it is not considered a complete answer.

Coherent pulse doppler gives a method of detecting radial
movement of any target and a number of indicating devices of varying
degrees of complexity sre available. A storsge-cancellation method
using a mercury supersonic delay line and associated circuits for can~
celling from pulse to pulse has been develeped in the laboratory
(Radiation Laboratory) and appears to be a relatively complete answer
for air-sesrch if applied to a radar with the correct radio frequency
end pulse repetition rate. The advantage of a storage-cancellestion
scheme of doppler presentation using delay lines or storage tubes is
that no appreciable scanning speed is lost. This is vitally important
for shipboard air-search rasdars. By modifying one or more of the iavy
standard air-search redars it should be possible to develop & moving
target indicator using delay line cancellation which would be useful
against targets with a radial velocity above 70 miles per hour, A4All
. types of clutter would bé greatly attenuated.

The consensus of opinion in U.S. laberatories is that a
¢oherent pulse doppler system can detect moving targets as much as 20
te 30 db below the clutter level if sufficient precesutions are taken
to keep hum levels, pulse amplitude Jitter, repetition jitter snd fre-
quency jitter to a low value,

Experimental systems at Radiation Laboratory at 10 cm, at
Camp Evans Signal Laboratory at 100 ie, and ot Navsel Research Labératory
at 790 and 950 Mc indicate the prmsticability of pulse doppler radar
and give evidence that some exiasting radar syetéms can be convertéd
without excessive difficulty.

It is not believed that ¢~w deppler, F doppler, or frame

storage methods of detecting moving targéts are applicable to Navy
air-search radar problems.
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1. INTRODUCTION.

1l-1. The primary requirements of radar in naval warfare
are the detection of moving targets and the furnishing of fire-control
data to the computer. Ground clutter, ‘indow, sea clutter and cloud
clutter tend to obscure or confuse moving targets such ss sircraft or
ships and reduce the possibility of detection or of furnishing sccurate
fire control date by conventional redar systems,

1-2. Many devices cor methods have been proposed for reducing
the masking effect of clutter (hereafter all forme of fixed or slowly
moving targets will be designated clutter) and some of them have been
developed to the practical stage.

1-3, New radar systems, or attachments to and modifications
of existing radar systems are being developed which mzke use, in one
way or sncther, of the movement of the target ss a2 mezns of discrimin-
ating against fixed targets., It will be the attempt of this report to
evaluate the verious devices with respect to their use in naval radar,
with particular emphasis on the sir-search problem,

1-4. The work on this problem was authorized by reference
(a). Other references pertinent to the problem are listed in references
(b) through (t).

2. HIGH RESOLUTION RADARS.

2-1, For surface search, target designation and fire control
a high resolution microwave redsr gives improved operation ageinst de-
sired tsrgets in the presence of clutter because it traces a cleaner
and more well defined map of the area, reducing the regions affected by
the clutter and improving the probability of obtaining a "look-through"
in geps within the clutter.

2-2. Clutter-cutting ecircuits such as video differentiation
and faest acting 2.v.c. give most improvement with low resclution systems
beceuse their msin function is to improve the apvarent resolution of
the system,

2-3. Although high resclution reduces the infected ares on
a PPI screen it is still possible to confuse an operator with a clut-
tered screen, making the detection of noving targets analogous to "find-
ing 2 needle in e haystack". It ie of considerable advantage, there-
fore, to furnish with even high resoclution systems an aid to detection
of moving tergets which makes possible guick snd positive detection and
identification. The devices and methods considered in this report are
of such a nsture and even the highest resolution radar system could use
some device to improve its anti-clutter operation.

2-4, For detection of surface targets with a shipboard
rader it is felt that high resclution plus sensitivity-time control
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(which is a means for reducing receiver sensitivity for streng close-in
echoes) is the best approach. Addition of IAVC and video differentia-
tion may give some additional improvement,

3. C-W_AND MODULATZD C-W DOPPL' R RADAR.

3-1. C-W Doppler.

3-1-1. C-¥ doppler is the simplest method of
detecting a moving target. The c-w signal radisted by the transmittier
is reflected from the target and is picked up by a receiver along with
some of the transmitted signal. If the target is mcving a frequency
shift due te Doppler's Principle takes place so that the received sig-
nal at the receiver is different from the transmitted signal. In the
simplest receiver system a ccherent detector will produce the dif-
ference frequency between the transmitted snd received signal which
may be amplified by an audio amplifier to give an aural indicetion of
the presence of the moving target.

3-1-2. Interesting experiments have been performed
with c~w doppler systems to determine their value for detection of move-
ments of men or vehicles, and for specialized applications of this type
it may be of some value. See reference (j) and (o).

3~1-3%, The only advantage of c-w doppler is its
simplicity. It has the serious disadvantages for genersl radar use
that it can give true rate information only when just one target is in
the beam znd it cannoct give renge information.

3~2. AM and Fii Doppler.

3~2-1. In order to determine range of a target
using a ¢~ radar, modulation must be applied.

3-2-2. This has been accomplished in various
ways; some of the methods using sine wave amplitude modulation, square
wave (chopped cw) and sine wave frequency modulation. Vhen modulation
is put on the c-w signal it is possible to get a renge indication by
comparing phase between the modulation on the reflected signel and on
the transmitted signal. This can be done in a number of ways but in
most methods confusion results if more than one target is present in the
beam. In addition medulating the cw makes the system sensitive to
stationary targets so that the advantage of moving target indication
only is sometimes lost.

3-3. Armstrong gyrDoppler Radar System.

3-3-1. Major Amstrong's FM Doppler Radar System
is of considerable interest and, although it is not felt toc be the
answer to the shipboard radar clutter problem it warrants a brief
description because it may be a valusble ground radar system for use
in mountainous terrain.
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3=3~2, The Armstrong Fii radar utilizes double ¥,
both the carrier and the modulation being frequency modulated. The
carrier is modulated about + 200 kc by a sine wave swept at a low rate
between 10 k¢ and 500 cycles per second. After the trznsmitter puts
out one sine wave cycle it is turned off for e period equal to the
length of the modulation cycle. The receiver is frequency modulszsted
over the scme :_200 kc sweep as the transmitter and in phase with it,
but is not keyed so that an echo at the correct renge determined by
the length of the modulation cycle will be in tune with the receiver,
but signals at any other renge will not be in tune. This is analagous
to o pulse radar which has a range "gate" automstically swept across
the range 2t a low rste.

3-3~3, Five indicating scopes are used in combinas~
tion with selective filters tc indicate whether a target is staticnary,
moving away, or moving toward the radar. This can be accomplished be-
cause the doppler shift on the echo gives slightly increased or slightly
decreased frequency if it is moving toward or awsy from the observer.
The receiver is so hetercdyned that a stationary target gives a 200
cycle per second output signal. Therefore a target moving toward the
observer gives an output greater than 200 cycles and & terget moving
away gives an output frequency less than 200 cycles per second.

3-3-4, The most interesting indicctor is a "PPI"
type with deflection medulation on the radial traces. The radial de-
flection is in synchronism with the Fi. modulstion on the transmitter
so thet the center of the tube corresponds to about 95 miles (minimum
range) or 10 kc modulation and the outer extremity of the tube corres-
ponds to 1&b miles or 500 cycle modulation (maximum renze), This in-
dicater shows moving tergets only and if o tzrget is moving away it
deflects on one side of the trace and if moving in it deflects on the
other side.

3~3-5. The advantages claimed for this system
are: (1) its reduced vulnersbility to jemming because the receiver is
narrow band (1 kc) and is frequency modulated in synchronism with the
transmitter; (2) high performance with low peak power, again due to
the narrow receiver bandvidth znd resulting high sensitivity; (3)
moving target indication only if desired, reducing the vulnersbility
to clutter.

3-3-6. The disadventages of the system are obvious:
(1) slow rate of scen (again comparable to a pulse radar with swept
range gate); (2) high degree of complexity; (3) a probable vulnerability
to jemming because of the narrow band over which it is frequency modu-
lated and because of the low pesk vower; (4) difficulty of obtaining
resolution comparable to a pulse radar., These difficulties could be
greatly reduced if the frequency snd the frequency devistion were in-
creased by a large factor. 3By doing this, however, the complexity and
the stobility problem would be greatly increased.

3-3-7. Information avsilable indicates thest the
Ammstoong ¥ radar is comparable in normal performance to the SCR-270
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radar. TFor ground operation in mountainous country it should be useful
for detection of aircraft among large permanent echoces. In its present
state it is doubtful that it can compare with a higher frequency coherent-
pulse doppler radar in overall performance because of its low resclu-

tion and slow scanning rate.

L, PULSE DOPPLER.

4~1. Non-Coherent Pulse Doppler.

4-1-1, Non-coherent pulse doppler consists of
utilizing the doppler beats between the moving target and clutter ot
the same range to give a moving terget indication. It can be apvrlied
to existing radars with various degrees of success depending on stabil-
ity 2nd hum level in the system as well as the radio frequency sand
pulse repetition rste,

4-1-2. Many methods of indicetion are possible,
including all those which are used with coherent pulse doppler. The
most widely used is an sural indication, obtained by geting in range,
passing the gated echo through pulse lengthener circuits and a filter
to remove repetition rate components and low frequency hum, jitter and
clutter components. If the doppler frequency is less than helf tae
pulse repetition rate of the radar the true doppler frequency is heard.
If it is grester than that, the difference frequency between the dop-
pler end the repetition rate will be hesard. To remcve a maximum of
clutter and to prevent heving velocity "holes" or speeds at which there
will be no response the repetition rate should be greater than the
highest doppler frequency it is desired to detect. If true rate in-
formation is wanted the repetition rate should be grezter than tvice
the highest doppler frequency. Plate 1 shows the response character-
istics of a gated and filtered pulce doppler system.

4-1-3, The non-coherent pulse dopnler method has
been tested at the Naval THesearch Lsboratory on the nark 4 and mark
12 fire control radars with good success, making possible the tracking
of airplsnes through window and through ground clutter when they could
not be tracked on the "A" scope. The main disedvantages of the non-
coherent pulse doppler is that it indicates moving targzets only in the
presence of clutter., This does not seem a seriocus disadvantage at
first glance but when it is realized that extre operetors and extre
equipments might be required for searching in the d utter it puts a
serious limitation on shipboerd use, In addition when using sural
indication end the required renge gate the scenning speed is low. The
main aprlication of this type of system is prebably to fire control
radar. '

L4-l-t., The frequency versus pulse rate requirements
of non-coherent pulse doppler is such that most air-search radars in
the fleet today are not satisfactory for this purpose. The minimum
pulse rate for 200 i.c radars should be above 300 pulses per second, Loo
Me above 600, 600 Mc ebove 900, 1200 lic above 1800, =nd 3000 kic above
L4500 pulses per second for satisfoctory detection of tergets moving at
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velocities up to 400 m.p.h. For actual radial rete determination the
above repetition rates would have to be doubled.

4=1-5, In order to obtain a satisfactory scenning
rate for PPl operation it appears that delay line or storage tube can-
cellation is required. ©Since most existing radars would have to be
modified to increase pulse rate and st=bility and a new receiver and
indicator added, the addition of a coherent oscilletor to obtain mov-
ing terget information outside cluttered areas is probably a small
part of the total work involved and is well worth the cost.

L-2, Coherent-Pulse Doppler.

4-2-1. By sdding e coherent c~w oscill: tor locked
in phase with the transmitted pulse, movement of & target can be quickly
determined by detecting frequency difference between the returning
echo and the c-w reference signel, This frequency difference will
show up as a low frequency amplitude modulaticn on the envelope of the
echo pulses after they pass through a coherent detector. Any method of
indicating the varistion of amplitude of the moving tsrget echo can
be used, A renge gate osnd ourel indication can be used as with non-
coherent pulse doppler, A visusl indicator can be used which will
show the modulation envelope of the geted pulses. An intensity modu-
lated scope with vertical scan at a low frequency rate will show fixed
targets as uniform lines and moving targets as stristed lines., An ex~
paended "A" scope will show a moving target s o filled-in echo 2nd a
fixed target as s stationary undulstion in the base line. Although
these methods can be used all of them have the failing that extreme
operater ccncentration is required (because clutter is not removed)
and scanning rate is low.

4-2-2, Vhat is desired for search radar is a nor-
mal PPI indication at normal ecanning speed so that moving target in-
dication is available instantly without confusion. At the present
time only one method of indication even approximately gives tiiis solu-
tion. That is the storage-cesncellestion method which stores video
pulses for one period of the repetition rate and mixes them out of
phase with the pulses coming in on the next sweep. The difference sig-
nal is then amplified and applied to a normal PPI indicator. The
storage-cancellation method has been developed in Great Britein and at
Radiation Laboratory meking use of a supersonic liquid filled delay
line to store pulses (as a video modulation on a carrier of about 10
iic) for one period of the repetition rate and then subtracting the
delayed pulses from the non-delayed pulses to remove stotionary targets
from the output indication. The mercury delay cell in use by Rediation
Laboratory appears to be practical for service operation and attempts
at Naval Research Laboratory to get long delays in a2 small space by
"folding" the delay line back and ferth several times hsve met with
success. A "folded" delay line can be made quite small end permits
practical physical sizes for delays up to at least 1600 microseccnds
and probably up to 3200 microseconds if desired. It is therefore felt
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that the delay line problem is no longer a deterent to the use of the
storage-cancellation method of mcving target indicetion, designated
"MTI" by Rediation Laboratory.

L-2.-3, Iconoscope type of storage tubes are being
developed whish show promise of having sufficient resolution for moving
target indicator systems and it is possible that within a reasonable
time this principle can be used to supplant the delay line cancella~
tion method. Information now available indicates that a resolution of
about .2. in area or 1Y% linearly can be ebtained in the latest storsge
tubes developed by RCA. This schows promise but still does not match
the resolution available in a liquid delay line unless a very small
range sector is exemined at one time. The real advantage of the stor-
age tube lies in the relative circuit simplicity since the job of
storage and cancellation all takes place within the tube, This elim-
inates the need for critical balancing circuits and accurate keying
circuits required in delay line cancellation methods.

U4-2-lf, A discussion of the radio frequency-pulse
repetition rate requirepgnts of a delay line cancellation system of
moving target indicate ?gn order to show the modifications required in
converting a present radar system for such operation. OSince the prime
purpose of a moving target indicetor is to remove clutter and to show
moving targets we must select a range of velocities to which the system
will be sensitive and st the seme time make the system as insensitive
a8 possible to stationary and slowly moving clutter. The shipboard
problem is somewhat more complicated becazuse the ship may be moving
with speeds up to perhaps 35 knots and this velocity may be added to
any low velccity movements of the clutter. It immediately becomes
apparent (see Plate 2) that the higher the velocity chosen to be =c-
cepted the more complete will be elimination of slowly moving clutter.
In this type of operation there will be a sine wave response curve of
emplitude difference between adjacent pulses versus target radial
velocity. The response curve will ge through zero at zero miles per
hour, be maximum at & velocity giving the doppler frequeéncy on the
echo equal to one half the repetition rate and will go through zero
again at the velocity equivalent to the repetition rate. This curve
will repeat itself, going through zero at each harmonic of the repeti-
tion rste. It has been stated that the velocity "holes" or points of
zero response are not serious because they may be very narrow if a
high r-f frequency and low repetition rate is used. This is not be-

This means that slowly mgxiggngg;gggg such_ as Hindow. sea clutter and
cloud clutter. in order %o be el;miqgted will require a low frequency
cutoff 1n the indicating device at an appreciable velocity, The velo-
¢Ity gaps present at the repetition rate will then be double the width
in miles per hour of the minimum velocity of response. Assuming a
reasonable figure of a minimum attenuetion of 6 db at 35 knots to re-
duce the indication from clutter toc a low value, it is apparent that
the velocity holes around the repetition rate and its hapmonics will
be ¢ 35 giving 7O knot intervals between the 6 db response points.
The obvious answer appears to be to meke the repetition rete high
enoug. %0 nuke the velecity hole abeve the highest radial velocity to
be detected, This will sutomatically reduce the sensitivity to slowly

-6~




moving tergets and clutter. Fowever, since a useful range scsle is
needed on the radar to reduce interference from "second time arcund"
echoes, to keep duty cycles within limit, and to accommodate standard
range sceales built into shipboard indicetors o maximum repetition rate
limitation is imposed. For air-search radaers it is felt that the maxi-
mum tolerable repetition rate is in the neighborhood of 600 pulses per
secoend. To keep the first null well sbove 400 m.p.h. we are limited
to a radio frequency of about 4Q0 ic or less, At 400 iic and 600 p.p.s.
the velocity of the null will be

V= fdc = 500 miles per hour

2 fo

where fq = doppler frequency present on echo, ¢ = velocity of radio
waves end f, = radio frequency. DMeximum moving target echo response
will be at 250 m.p.h. with the 3 db down points at 125 and 379 m.p.h.
and the 6 db down points at &3 and 417 miles per hour. This renge of
velocities should very nicely tzke care of sirplene targets and at

the same time should give a very useful reduction in all types of
clutter. To maintain the same velocity range as above, radars operat-
ing on the following frequencies would need repetition rates as liﬁted:

Radar Frequency Repetition Rate p.p.s.
200 Me 300
400 MNe 600
600 e 900
1200 iic 1800
3000 lic 4500
10000 Me 15000

For satisfactory clutter eliminstion consistent with maintaining good
sensitivity to sircraft taorgets it is felt that the zbove relation-
ship between radio frequency and pulse repetition rate should be ap-
proximately maintained in 2 delay line cancellation type of moving
target indicetor, An example of how verious redars with 600 p.p.s.
pulse rate would respond to radial velccities from zero to maximum
aircraft speeds is shown in Flate 2, Two things are evident from
Plete 2 as rasdio frequency relstive to repetition rote is increased:
(1) less clutter is elimineted; (2) velocity holes are introdiced
which may be quite serious., It is therefore strongly felt that for
sir-search i-.T.I,, meximum effort should be placed on 200 or UOO kic
radar systems, using a 300 or 600 p.p.s. repetition rate on 200 lic
and 600 p.p.s, repetition rate on 400 lic. Existing systems cen prob-
ebly be sdepted with a2 minimum amount of delay.

4-2-5, The use of 2 double pulse i"TI system in
which pulses are sent out in pairs spaced by the delay time of the
delay cell with the direct second pulse subtracted from the delayed
first pulse =nd the resultcsnt displayed on the indicator would give a
method by which rsdars above 400 lic could operaste at low average duty
cycles. LTI operation would result, in such 2 system, over the first
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part of the range scale (determined by the delay time) and normal
operation would be obtsined at ranges beyond, On en "S5" band double
pulse MTI the delay time should be about 220 microseconds for optimum
aircraft detection versus clutter elimination and MTI operation would
result over the first 20 miles or so of range. TFor operation with a
600 p.p.s. indicetor the spacing between pairs of pulses would be 1607
microseconds. Any reasonable amount of "jitter bug" operation cculd
be accomplished by jittering the spacing between pairs of pulses with-
out disturbing the delay-line cencellation operation of MTI.

g 4-2-6. The problem of detecting low velocity tar-
gets such as ships or submarines is more difficult than the detection
of sircraft because the range of doppler frequencies which are to be
detected a2re very close to expected dopnler frequencies on the clutter.
Remembering that the shipboard problem is being ccnsidered in this re-
port the problems multiply. The ship is moving with respect to both
the clutter and to the targets. The only adventage is that the ship
targets are likely to be larger than the clutter. This makes cne be-
lieve that such palliatives as high resclution and sensitivity-time
control may be the best answer., Gated doppler systems with aural or
visual indicators should offer real advantages over delay line cen-
cellation methods for this type of operation because sharp high pass
filters plus the additional discrimination of the ear and the eye cen
be used.. Tris may be & very useful field for "s", "X" or "K" band
dopnler systems. It is most desirsble for Radiatlon Laborstory to
make field tests of an "S" band MTI radar aboard ship to determine what
the clutter reducing properties are under shipboard conditions par-
ticularly in operating against ship targets.

5. FRAME STORAGE SYSTEMS.

5-1. The British have done considerable work with storage
systems which store the picture from one complete PPl scan to the next
on long persistent tubes (such es skisatrons) and superimpose the imsges
through an optical system with shutters showing first one picture and
then the other. Moving targets, being displaced a smsll amount between
scans will "flicker" snd will thus stand out from fixed echoes. (See
reference e).

Hh-2. A eimiler presentetion with better performance using
photographic storage, rapid development and alternste projection gives
a more sensitive "flicker" indication but appears quite messy for ship-
board use.

6. CONCLUSIONS AND RECOMMENDATIONS.

6~1. High resolution radar systems are of considerable value
in operating through clutter ond must be depended orn in the immediate
future. They may always be the best anti-clutter method for operation
against surface targets.

f..2. Development work should be immediately initiated on
moving target type of indication for one or more of the standard Navy

.



air-search radars. The SC-SK and SR types of systems are in guantity
production and while they would require rather extensive modificatjon
to increase repetition frequency, shorten pulse and remove hum and
jitter in the systems tc a sufficiently low value it could undoubtedly
be accomplished. The SE-1 at L0OO Mc and 600 p.p.s. apnears to have
optimum characteristics for a delay line cencellation system giving a
velocity renge of about 100 to 400 m.p.h. without velocity geps. It
is therefore recommended that immediate conversion of the SR, SC-SK
and/or SR-1 to MTI operation be attempted. It is also recommended that
the Navy request shipboard tests of microwave MTI systems such os have
been developed at Radiation Laboratory which wquld demonstrate their
anti-clutter properties under typical navel conditions. It is reason-
able to expect that MTI could be incorpqrated in existing fire control
radars such as the Mark U4 and Mark 12 and microwave systems without
disturbing their present indicator set~up and thus permit normal solu-
tion of eircraft tracking problems in the presence of clutter.

6~3. TFrame storsge systems, C-7 Doppler and R Doppler are
not recommended for shipboard use as an answer to the air-search through
clutter problem,

6-l+. Non-coherent pulse doppler has value as a stop-gap
palliative to low resolution systems which have a sufficiently high
pulse rate. The liark 4 system is an example where/Peletively simple
device can give considerable aid to tracking through clutter. In add-
ition, gated doppler systems may be of value for determining range rate
on a moving target.
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(c) ADRDE Research Report No. 246 - The Use of Continucus Taves for
Alrcraft Detection. JEIA 4554,

(p) ADRDE diemo 50 - Tests of Deppler L.7. Against Window. JEIA ,-3326.

«10-



(q)

(r)

(s)
(t)

Pepers from Australia No. 296 - Flutter - A kethod of Rapidly

and Accurately Qbtaining the Velocity of 2 Ship or Aircraft by
R.D.F. Using Doppler's Principle. Operstional Research Report

No. 21 of Operational Research Group, Dept. of the Amy, Austrslia.
JEIA 42195,

C.V.D. Report ES/20 - Experiments Related to the Detection of
Moving Targets by Doppler Effect July-August 1943.

Radiation Laboratory Report 526 - Elimination of Ground Clutter.

NRL Interim Report S-567-7(399) Ser. ;4550 ~ Use of Doppler
Frequencies to Track Ships in Land Clutter.
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Distribution List

Cominch, U.S. Fleet, iavy Depertment, .ashington 25, D.C. Attention:
Code Fi45.

CNO, Navy Department, ‘‘ashington 25, D.C., Attention: Code Op-20-5.

Ci0, Navy Department, iiashington 25, D.C., Attention: Code Op-25-A2.

Coordinator of Research & Development, Navy Department, .ashington, 25,
D.C.

Commandant, U.S. Marine Corps Headquarters, Plans and folicies Division,
Navy Department, ‘ashington 25, D.C.

Chief, Bureau of Ships, Navy Department, ‘/ashington 25, D.C., Attention:
Code 938.

Chief, Bureau of Aercneutics, Navy Depsrtment, :ashington 25, D.C.,
Attention: Code Aer-E-3143,

Chief, Buresu of Ordnance, Navy Department, ~‘ashington 25, D.C.,
Attention Code Reldf,

CNO, Navy Department, Washington 25, D.C., Attention: Code Op-l6-1-V,

CNQ, Navy Department, :‘2shington 25, D.C., Attention: Code Op~16-FA-1,

Navy Representsative, JEIA ¢fo doint Communications Board, Boom 2103
junitions Puilding, Washington, D.C.

Commander-in-Chief, U.S. Pacific Fleet, Fleet Post Office, San Francisco,
California.

Commander, Seventh Fleet, Fleet Post Office, San i"rancisce, California.

Commander, Twelfth Flecet, Fleet Post Office, New York, New York.

liessage Center Branch G-2, Militery Intelligence Division, Room 1077k,
Pentagon Bldg., .ashington 25, D.C.

Chief of the Intelligence Branch, Office of the Chief Signal Officer,
Room 4D235 Pentagon Building, \ieshington 25, D.C. Attention: SPSOI-U.

Chief of the Technical Information Section, Office of the Air Communi-
cations Officer, Armmy Air Forces, Room 5D233, Fentagon Building,
liashington 25, D,C.

Director, AAF-Air Technical Service Command, ' right Field, Dayton,
Ohio, Attentions Radio and Hadar Section (TSEER).

British Admiralty Delegation, Room 3030, Nevy Devertment, iashington
25, D.C., Attention: Lt. Comdr. J.H., Buscombe, RNVR.

Royal Air Force Delegation, Room 717, 1424 16th Street, W.w., /ashing-
ton, D.C., Attention! Director of Signals. .

British Army Staff, Grafton Hotel, Room 528, 1139 Connecticut Avenue,
F,W., Washington, D.C., Attention: Col. A.J. Fisher,

Joint Intelligence Committee, Canadian Joint Staff, 2222 S Street,
N.v., Yashington, D,C,

New Zealand Air Mission, Room 2503 lunitions Building, ashington,
D.C., Attention: Squsdron Leader A, /. Stockwell.

Director, USN Radio and Sound Laboratory, San Diego, California.

OSRD, Lisison Office, Group A, Room 724, Dupont Circle Building,
Waghington 25, D.C.

Chief of Division 1, NDRC, Empire State Building, New York, New York.

Navy Liaison Officer, Rediation Labdoratory, MIT, Cambridge, Mass.

Chief of Division 15, NDRC, 1 River Road, Schenectady, New York.

Navy Liaison Officer, Radio kesearch Laboretory, Harvard University,
lo Divinity Ave., Cambridge, lass,

General Leadquarters S.PA, Office of the Chief bignsl Officer, Section
22, A.P.0. 500, Sen Frencisco, Galifornia.



