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1. ABSTRACT.

1-1 The primary purpose of the tests conducted at the Chesapeake Bay
Annex on 30, 31 lMay, 1 and 2 June was to determine the minimum jamming
range of the TDY transmitter to jam out a destroyer echo against a 700 Mc
fire control radar (Mark IV) mounted on another destroyer. From the in-
formmation gathered during these tests a suitable antenna for use with the
TDY vhich would jam out a destroyer echo in to 6000 yards was to be de-
veloped at Radio Research Laboratory.

1-2 Zcho measurements were mede of the U.S.S. Cooper (695) to deter-
mine the effective radar cross section at several radar frequencies.

1-3 liinimum jamming ranges were determined for most aspects of the
destroyer with several jommer antennas and twro antenna heights.

1-4 Minimum jamming range was also determined against the "Hot Dog",
simuleted Wurzburg, on 560 Mc at the Chesapeake Bay Annex and against the
Mark V radar on 40O Mc at the Chesapeake Bay Annex.

1.5 Screening tests were run to determine the order of magnitude of
bearinz errors caused by off bearing jamming,

1-6 Interference aboard ship caused by the TDY transmitter was
checlced., ‘

1-7 A suitable method of setting the TDY jammer on a radar frequency
was determined.

2. ~ INTRODUCTION.

2=1 This is a report on the jamming and echo measurement tests con=-

ducted at the Chesapeake Bay Annex on Hay 30 through 2 June 19Ul.

2=2 The tests involved two destroyers, the U.S.S. Cooper and the U.S.S.
Tripne, and the following equipment installed on board the Cooper:?

(2) TDY jemming transmitter,

(b) AW/APT-2 jemming transmitter (Carpet),
(c) AW/APQ~2 jamming transmitter (Rug),
(d) AN/APR-1 search receiver,

(e) AN/RDK~1 panoramic .adaptor,

(f) AN/APA~G pulse analyzer,

(g) AS-T1/SPT-2 corner reflector,

(h) CAKZ~66-AHW Dipole,

(1) ¥RL %0il Cen" cone,

(j) Experimental RRL bent dipole,

(k) AS-37/SPT-L dipole.



The Mark IV and SG radars aboard the destroyers, the Mark V and "Hot Dog"
(simulated Wurzburg) rada®s at the Chesapeake Bay Annex were used in
addition to the listed equipment.

2-3 The tests had the following definite aimst

(1) to make echo measurements of the latest class destroyer
to determine its radar cross section as a function of aspect and range.

(2) to detemmine the minimum jamming range of a TDY jammer
to self-screen a destroyer for its various aspects and to determine
accurately how much antenna gain would be required to screen a destroyer
at 21l aspects with the TDY in to 6000 yards.

(3) to determine the amount of FD bearing error created by
off bearing jamming.

(4) to determine a suitable means of setting the TDY jammer
on frequency.

3. CONCLUSIONS AND RECOMMENDATIONS.

3=l The TDY under service conditions will self-screen a large de—~
stroyer for all aspects at ranges beyond 6000 to 7000 yards against a 700
Mc fire control radar such as the kark IV with antenna height of 55 feet
if used with an antenna of 9 db gain and a height of about 4O feet.

=2 . Nuisance jamming with scfeening of some aspects will carry the
jamming range in to about 4000 yards, except for the bow aspect which can
be jammed in to 600 yards. Bearing errors to a lobe-switched radar will

be caused by off bearing jamming even though the range indication is not
Jjammed.

S} An increase in jammer power by at least 10 times would be re=-
quired to screen a destroyer at the above mentioned ranges with a fixed
non~directive antenna.

Beed}e Location of a rotatable corner reflector on o stub mast on the
after deck of a destroyer shows no significant loss through the ship's
superstructure providing the antenna is sufficiently high to clear the
stacks by a few feet.

5 Some interference to radio communications and meter wove radars
was encountered aboard shipe The SC~3 radar showed a 10 db loss in sensi-
tivity vhen its antenna was directed at the TDY antenna, The TBS high f{re-
quency communication channel showed a reduction in sensitivity between 10
and 20 db vhen the TDY was operating. The normal communication receivers,
IFFT and the SG radar were unaffected by the jamming., Since all inter-
ference from the Jjamming appeared to come through the esntenna circuits,
proper antenna siting and wave treps might alleviate the situation.

L. =2



3-6 The main difficulty with the TDY wae due to the fact that i%
had numerous gaps in its tuning range. This made it impossible to tune
the equipment to some frequencies. On frequencies where the TDY did
operate normally the setting on procedure was simple and effective by
means of the APR-1 carrier meter and RDK panoramic adaptor.

37 It was determined that a "line stretcher" inserted in the TDY
transmission line made possidle, under most conditions, tuning the TDY
to eritical frequencieses

3-8 It is recommended that a line stretcher capable of changing the
transnission line length by at least 5O centimeters be included with all
TDY equipments.

- 3w An AS=71/SPT-2 corner reflector antenna or equivalent with a
gain of Q@ db is on the borderline for use with the TDY to give complete
self-screening of s destroyer in to 6000 yards agalnst a 700 Mc radar
equivalent to a Mark IV. TFor assurance of complete screening in to 6000
yvards sn antenna gain of about 12 to 15 db is desirable, A directional
antenna. of any type requires an operator to contimuously train it toward
the victim ship, but this appears to be a necessary condition for effect-
ive jarming with the jammer powers aveilable at present.

3=10 By proper siting of jammer antenna and receiver antenna, making
use of antenna patterns and ship structure for attenuating the pick-up
between the two antennas it is possible to contimuously momnitor at moder-
ate ranges the radar signal through the jamming signal and tc see im-~
mediately on the RDK panoramic adeptor if the Jammer deviates from the
radar frequency or vice versa.

=11 A table follows which gives the various minimum jemming ranges
achieved with the TDY jammer:

(See next page)



Broadside Minimum Bov~on Minimum

Antenna Redar Freq. Jamming Bange Jarming Range
,(Yd.s;) — - (Yd.s.f)
Measured Calcuw Measured Calcu~
lated lated
Corner Reflector Trippe 7400 to
AS-71/SPT~2 Mk. IV 700 Mc 5400 7800 600
Dipole Trippe
CAXZ~G0~AHN Bk, IV 700 Mc 310,000 16,000 5,000 54300
NRL Oilcan Trippe
Mk, IV 700 Mc >10,000 13,000 3,700 I, 300
Experimental RRL: Trippe
Bent Dipole ke IV  T00 lic 5,h00  §,000 >8,000
Corner Reflector Trippe ‘ ~
at liain Deck Mk. IV 700 Mc 10,000 10,500 3,h00 3,200
Corner Reflector CBA '
Hot Dog 560 Mo — 2,100
Rug Dipole CBA
AS-37/SPTelf ke V. LOO Uc —_— 1,500
k. ECHO MEASURELENTS.,
oy Reference to Naval Research Laboratory reports on Echo Measurements

concerning methods of measurement,. significance of results and methods of
calculation is requested. (MNRL reports B~2232 and R~2332).

Y2 Plates ;40 through 58 of this report show the echo measurement
plots of the DD-635 made during the subject tests.

4.3 Of major interest to this report are Plates #40 and 1 which
show the echo strength of the DD~695 on the Mark IV radar aboard the
DZDJ-I-OS as a function of range and aspect and Plate #42 which shows effect~
ive area as a function of frequency, By means of these curves in com-
parison with the runs showing the minimum visible signal through jamming
as a function of range (Plates 20 through 37) it is possible to approximate
the minimum jamming range for each set 6f conditions by determining the
pointe vhere the echo amplitude is equal to the minimum visible pulse
through the jamming. It should be noted that the signal strength in
Plates 20~37 is plotted in minus db so that the lower the numerical walue
the higher the signal strength.

Ly By means of the echo measurement plots as a function of frew-
quency of the DD-695 shown in Plate yli2 which give the effective area of
the destroyer it is relatively easy to calculate the jammer power times
antenna gailn required to jam out the destroyer echo at any range on a
radar whose peak power times antenna galin is known., Iwo valpes of radar
cross section of the DD~695%were determined. o = 1.2 x 101 was the

L. e
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velue obtained from the IP=U05 at 700 Me. <p = 4.1 x 101 was the value
obtained from the Chesapeake Bay Anncx at 700 Mce Due to experimentel
difficulties in obtaining standard target data from the ID-U0% it is felt
that the value of g ¢ determined from the Chesapeake Bay Annex is the most
eccurate of the two. The difference in minimum jamming range as cal-
culated for each of the two velues of <7 is about 36 Using the larger
value of &% the calculsted minimum jamming range is slightly greater
than the greatest experimental reading. Using the smaller value of ¢
glves o calculated value of minimum jamming range which falls in the same
region as the average experimental value. If the larger value of o is
used complete safety is assured that under no conditions will the ninimum
Jamming renge be greater than the calculated value. <p is the value of
the radar cross section for distances beyond about 2500 yards.

45 Assuming en eighth power law for the echo power and a fourth
power law for the jamming vower which holds spproximately at ranges be=
yond the first maximum of the lobes, a simple equation can be derived
for detemining minimum jamming range:

2 hL 2
(1) Beceived echo power = Pr Gr St hr . X
(477)3 o8
2,.2
(2) Effective masking power = Py Gj zr hy® hj ;
&

where P = radar peak power, G, = power gain of radar antenna, Jfr =
effective area of target, Pj; = jammer averasze power, GJ - power gain of
Jammer antenna, r - range between radar and target, h, = rader entenna
height, hj = Jemmer antenns height, » = wavelength, k = Jemming power

acho power
for obscuring echo (dependent on type of modvlation on jammer and AJ
properties of receiver.

(3) For minimum jarming range if it is assumed that jammer
pover must equal echo power at the radar receiver (which is approximately
true vhen ncise modulation is used) (1) and (2) can be equated, making
k=1 .

PGG"hI e
r bp S¢ p A - 24, 2
= Py Gy by ny

43 8
rLL: P, 6, <y b2 Aa
(4m)> Pj ‘Gj hja ’
L-6 Calculaf.ing the minimum jamming range for the broadside aspect
of the DD-LL%R for event § vhere Py = 50 x 103 watts, Gp = 150,

o=l x10 square meters (from Plate U42), P'j s 20 watts (effective),
GJ = S, hr;:_SO, hJ .--34-0

— 5



M. 50x10 x15% xhx10Mx250x.206 2.9 x105,
2000 x 20 x 8 x 1600

T =T7+3 x 103 meters

r= el X 103 meters = 7900 yards for of = h x 1014 (as measured
: from CBA).

r = 5600 yards for T ¢ = 10%* (a8 measured from Trippe).

Experimentally as shown on Plates 1, 2, 3 and 4 the minimum
jamming renge of the broadside aspect for event & was between SHOO and
7400 yards '

The calculation of minimum jamming range, therefore, is in excel-
lent agreement with the experimental results,

L7 Inside the first maximum of the lobe the echo power appears to
increase no more rapidly than the jammer power so that if complete jom-—
ming is possible In to the first maximum where

T = ahlhe

1/2 n

it appears likely that the minimum jamming range will be considerably
less than would be calculated from the equation of U-l} and might con-
celvably be zero range 1f the jammer antenna height were reduced as range
decrensed to maintain it at optimum height., Since the first meximum is
at 3100 yards at 700 Me, for entenna height of about 50 feet it is inside
of the useful range and so will not be analyzed at this time. ‘ihat can
be mentioned however is that in event 8 the theoretical minimum jamming
range from the equstion of 4~5 for the bow aspeet is about 2200 yards
while actually in the tests the bow aspect was jammed in to minimum radar
range of 600 yards. :

5. MINIMUM JAMMING RANGE.

51, The jamming equipment and two APR=1 receivers complete with RDK
panoramic adaptors and APA~6 pulse analyzers were temporarily installed
on the forward port quarter deck of the Cooper. One APR-1 was installed
on the after deckhouse with its antenna well shielded from the jammer
antennas by the ship's superstructure. The jammer =ntennas were mounted
in turn, 25 needed, on a five-foot pedestal situated on the second five
ineh gun turret just forward of the bridge except as noted for events 12

. and lﬁ-. uring the jamming runs an operator kept the antenns trained on
the victim ship except during events 1l and 12, The forvard receiving
antenns (M=-301 cone) was mounted at the bridge level just belew the forw
ward navigation light, The after receiving antenna was mounted on the
after deckhouse well ghielded by the ship's superstructure from the jammer
entenns, location forward.

-y -6~



H-2 The U.S.5. Cooper was designated as the jamming or "J" ship and
the U.S.S. Trippe the victim or "V' ship. During the jamming runs the "J¥
ship made slow tight circles with its jamming antenna continuously trained
on the "V" ship which was running in and out on a fixed course to deter—
mine the minimum jJamming range versus "J" aspect, Data was taken at half
minute ‘intervals with synchronized watches to permit coordination of
information on the final plots of data, The SG radars on the "V" ship
and on the "J' ship kept a continuous record of relative ship ranges and
bearings and the "J" ship kept o continuous record of its heading while
the ID operators on the "V ship kept a continuous record of jamming
strength (measured in reference to minimum visible pip from & standard
pulsed signal generator) and whether or not the "J" echo was visible.
Since readings were taken at half minute intervals and the "J" ship
circled at a rate of about 360 degrees in five minutes an uncertainty
factor of about 36° for each point is evident.

5~-3 The results of the minimum jemming range tests are plotted in
graphical form showing the "J" as stationary with the "V" ship circling

in a spirsl fashion with continuously decreasing rangs. This method
simplifies plotting and presents the information in an easily interpreted
mannere A small circle indicates that a rcading was taken but the "J"
echo was not visible during a half minute interval. Arrows indicate
points where the echo was visible during a half mimite intorval and a
double linc is drawn betwsen points where the ccho could be scon for throe
or more consecutive half minute periods. Radial dotted lines show tho
included area vhere jamming was ineffective due to shielding of the Jjammor
antenno. by the ship's superstructurc and therefore should be disregarded.

H-d} Event 8 consisted of a scerics of four runs using the TDY with the
"Carpet" corner reflector antenna (AS~71/SPT-2), which has a gain of
about 8.8 db ovor a dipole at 700 Mc, traincd against the Mark IV fire
control radar on the "V' ship. The TDY was radiating about K0 watts at
this froqguency.

Platc 1 is the plot of event 8, run 1. It is cvident that broad-
side echoes could be scen through the jamming out to about 5500 yards
but the bow on aspect was jammed in to about 600 yards.

Plate 2 is the plot of ewvent 8, run 2, The first broadside
ccho was scon at THOO yards but the bow aspoct was jonmed in to minimum
range of 1200 yards. It apoears that a timc error cnterod the picture
on the minigum range circle on this plot at 1200 yards since the jemmed
portion has rotated from bow to starboard aspcct.

Plate 3 is the rlot of cvent 8, run 3. The firgt broadside echo
appears ot 5800 yards and, cxcopt for one reading at 4500 yards the bow
on aspect is jammed in to minimum range of 1600 yards.

Plate 4 is tho plot of cvent &, run 4, The first broadside ocho
appears at a range of 5200 yards and the bow aspect 1s jammed in to mini=
maa renge of 1500 yards.

Unig | | 1



H=h An analysis of event 8 shows excellent agreement between the

four runs. Ixcept for one exception (which may be due to a slight timing
error) the bow aspect of the destroyer was jammed in to the minimum range
of each run, between 700 and 1500 yards. The broadside aspect, which gives
the strongest echo, could only be jammed in to between 5200 and 7400

yards. Since on the four Tuns only one reading was obtained beyond 5800
yards it appears safe to say that the TDY with the AS-71/SPT-2 corner
reflector sntenna at a 4O foot antenna height can completely Jjam a new
class destroyer echo for all aspects at 6000 yards against a Mark IV fire
control radar on 700 lic.

5=6 Zvent 9 was similar to event § except that the type CAKZ~GL-AHN
broad band dipole was used with the TDY.

Plate 5 1s the plot of event §, run 1. The first broedside echo
was obtained at 9700 yards but no bow aspect echoes were visible in'to
6300 yards, minimum range of this run.

Plate 6 is the plot of event 9, run 2, The first broadside echo
sppears at 9700 yards. No bow aspect echoes appear in to the minimum
range of GOOO yards.

Plate 7 is the plot of event 9, run 3. The first broadside echo
appears at 11000 yards. No bow aspect echoes gppear in to minimum renge
of 5000 yardse ,

Plate & is the plot of event 9, rmn 4, The first droadside echo
appears at 6600 yards and the first bow aspect echo appears at U500 yards.

=7 An analysis of event O shows that jamming was spotty with the
dipole antenns but that some aspects of the destroyer were jammed in to
5000 yards. Complete jamming appears impossible inside of 10000 yards but
nuissnce jemming of some wvalue takes place in to 5000 yards.

- 5=8 Ivent 10 is the same as events § and 9 except that the Naval Re-
search Laboratory YOilcan" (broad band cone) antenna was used with the
TDY.

Plate 9 is the plot of event 10, run 1. The first significant
echo (which probsably corresponds to a dbroadside aspect) appears at a
range of 9200 yards. No bow aspect echoes appear in to minimum range of
‘3&00 yardse

Plate 10 is the plot of event 10, run 2. The first echo appears
at 10000 yards and probably corresponds to a broadside aspect. No bov—on
echoes are visible in to minimum renge of U900 yards.

5% An analysis of event 10 shows that the cone antenna is roughly
equivalent to the dipole, Complete jamming is impossible inside of 10000
yards zlthough muisance jamming of some value occurs in to at least 3400
yards where the bow aspect is still jommed,
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=10 Event 1l is similar to preceding events except that a fixed
sntenna (bent dipole with reflector) which was furnished by Dr. Alford
of Rodio Research Laboratory was used with the TDY., This antenna was
mounted at the director level directed straight out on the port beam
about 55 feet above the water level. It was hoped that an antenna of
this type would screen a 180° sector of the destroyer.

Plate 11 is the plot of event 11, run 1. A broadside aspect
included angle of 140° at 8000 to 9000 yards is screened by the jamming.
A Proadside aspect included angle of 60° to 70° at 6000 to 7000 yards
is screened and inside of 5000 yards apparently only nuisance jamming
talktes place with alternate observations showing the pip visible.

) Plate 12 is the plot of event 11, run 2, A broadside asgpect
included angle of about 60° at 7500 yards and of 50° at 5000 to 5500
yards is Jjammed.

=11 An analysis of event 11 indicates that insufficient coverage for
bow and stern aspects is available. Four fixed antennzs of this type
might conceivably give complete jamming coverage in to 6000 yards if a
selector switch was used to switch in the sppropriste antenna for cover-
ing the desired aspect. Two antennas of this type, one én each side of

a destroyer would not give complete jamming inside of 10000 yards.

5el2 Event 13 is similar to preceding events except that a "Carpet"
A/APT-2 jammer was used with the cormer reflector antenna to obtain a
relative idea of the effectiveness of the TDY as compared to & plece of
equipiient widely used by the services. '

Plate 13 is a plot of event 13, run 1, There was no self-screen~
ing inside of 8000 yards. The bow aspect was jammed in to G400 yards
and the broadside aspect in to 9200 yards.

Plate 1Y is a plot of event 13, run 2, Very few observations
are noted where the signal is jammed but a few points are jammed in to
7500 yards. This plot is not conclusive but one would assume that a time
error o7 about 1% minutes is present in the data for this run snd that

the jammed points at 7500 yards should fall off the bow rather than
broadside.

~13 An snalysis of event 13 indicates that the AN-APT=-2 jemmer is
entirely inadequate to self-screen a destroyer inside of 10000 yards
and sufficient information is not available from this test to give a
nininum jamming range.

Sel1l Event 14 is a test of the TDY with the corner reflector at the
main deck level forward of number one 5-inch’gun turret at about 25 feet
antenna height. This test was run to determine the effect of reduced
antenna height,.
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Plate 15 is the plot of event 14, run 1. The broadside aspect
is not jommed inside of 8800 yards and the bow aspect is not jammed ine
side of SHOO yards. ,

Plate 16 is the plot of event 15, run 2, The broadside aspect
is not jammed inside of 7800 yards except for one point ot 4200 yards
which mey be a "wild" reading, The bow aspect is jammed in to 3400 yards,

515 An analysis of event 14 (which should be compared to event §)
shorrs that a very serious increase in minimum jeamming range takes place
vhen the sntenna height is reduced by two to one.

5—16 Event 12 consisted of a series of three runs in which the Carpet
jammer and corner reflector mounted on a stub mast on the after deckhouse
were used to detemmine the affect of the ship's superstructure on the
antenna pattern.

Plate 17 shows the affect on the antenna pattern with the antenns
directed straight toward the bow through the ship's superstructure. Since
the antenns height was slightly above the top of the stacks, the only
major obstruction was the mast.

Plates 18 and 19 show the pattern with the antenna pointed 30°
off the bow right and left respectively.

5~17. Analysis of event 12 shows that no signel strength is lost due
to the ship's superstructure except that the pattern is cut up to some
extent into several fairly sharp lobes with a maximum ratio of 14 ab
between pesks and valleys. Since the bow aspect of a destroyer is the
easiest one to jam no serious loss in jammer performance should be
caused by loceting the jammer antenna on a studb mast on the after decle-
house if the mast is sufficiently high to clear the stacks by several
feet, '

6. JAMMING RUNS AGAINST CBA RADARS.

6~1 In these tests, the Cooper started at a range greater than 10000
yards from the Chesapeake Bay Annex and advanced slowly toward the
station until the radar operators could detect the Cooper echo through
the jamning.

6~2 The TDY jemmer, used with the cormer réflector antenns AS-71/SPT-2
alloved the bow aspect ship echo to be seen at 2100 yards on the "Hot Dog®
(sismloted Wurzburg) radar, as shown in Plate 36.

63 The TDY jammer, used with the Rug dipole antenna (AS-37/SPML),
prevented the ship echo from being seen in to 1500 yards on the Mark V
radar, as shown in Plate 37,

6Lt Two tests were made to determine the effect on FD radar bearing
accuracy by a jammer carried in a ship at a distance from the target ship.
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For these tests, the Trippe was stationed at a fixed distance from Cheser
peake Bay Annex (about 9000 yards), and the Cooper, carrying the jammer,
moved approximately in the paths shown in Plates 38 and 39 at 10000 yards
range off shore.

6-5 The graphs show the bearing error (the difference between radar
bearing and optical bearing) as a function of the difference between jammer
and target bearings. The bearing error for the FD radar without jamming

is plus or minus 15 mimutes, or about 4.5 mils, This value is shown on

the graphse.

6-6 Plate 38 shows that most of the bearings obtained with jamming
exceed the allowable tolersnce for the Mark IV fire control system.
Plate 39 shows that nearly all of the jammed bearings in thie run have
errors in excess of the unjammed average. The absence of wvalues in the
region near zero relative bearing indicates that the radar was jammed
sufficiently to prevent the operator from training on the target by pip~
matching,

6~7 It was hoped that some definite relation could be found between
relative jammer bearing and bearing error. The graphs reveal no such
relations We conclude only that outside of the sector in which the radar
is completely jammed (about plus or minus 10 degrees), the bearing error
is increased considerably above the normal average.

t

7.  RADIO AND RADAR INTERFERENGE.

-1 - An attempt was made to check for interference aboard the Cooper
caused by operation of the TDY. During the time available it was not
possible to make a check with the TDY operating at all frequencies in its
band but a few point checks were obtained.

T=-2 Yo interference was noted on the standard commanication receivers
anyvhere in their range.

=3 The noise level in the high frequency communication receiver
(TBS=-1) was increased ten teo twenty db when the TDY was operating.

7-L The noise level on the SC~3 was increased about 10 db when the
radar antenns pointed at the TDY antenna with the TDY tuned to 400 Mc.
This might possibly have been due to the second harmonic of the receiver
local oseillator beating with the 40O Mc TDY signal and furnishing a 15
He i=f beate.

T=5 Yo noise increase could be noticed on the SG with the TDY operat-
ing and no interference could be picked up on the IFF channels.

-6 The SG radar was causing a very minor amount of interference to
communication channels due to transmission of its repetition rate tone
on powver mains.
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T=1 All interference picked up from the TDY was due to entenna picke
up so the obviocus method of correction would be to site the antennas for
minimum pick-up and to use tuneable wave traps or filters in the antenna
lines to eliminate the TDY frequency.

Se IQUIPIENT DIFFICULTIES.

8-1 A major difficulty with the TIY was that many holes in the band
were encountered in which the equipment would not tune., This was at least
partly due to slight reactance terms in the transmission line termination
and the use of a "line stretcher' to reduce the reactance term often made
it possible to tune to a difficult frequency. The location of the holes
was & function of a particular masgnetron but the number of holes was not
altered by changing tubes., A standing wave ratio even as low as 1.5 to 1
was etill sufficient to cause holes in the tuning range. In the present
TDY equipment, however, a "line stretcher" or tuning stubs should be
added to make possible tuning the equipment to any frequency within its
range. "Line stretchers' should also be furnished for any TDY!s or
CXFR's vhich are now in service. The possibility of reducing coupling
below the minimum now available would be a further help in cutting down
reaction of the entenna on the oscillator.

&-=2 It is recommended that the filament weltage control on the
magnetron be made availeble on the front penel since many magnetrons
require higher than .Q amperes (1.0 to 1,1 amp) to commence oscillation.
After oscillations have started the filamenmt current can be reduced to

its recommended value or lower because of filament heating due to elec-
tron bombardment,

&3 The average magnetron life in the laboratory was increased from
five hours to 20 hours by running the filsment eurrent 10 to 205 high for
starting.

g-d The RDK panoramic adeptor had insufficient bandwidth and in-
sufficient flatness of response for maximum usefulness. It is felt that
a panoramic adaptor with 10 lic total swept band which wes flat (in con-
junction with an APR=1 receiver) within 3 db over its band would be an
extremely valuable tool for setting jammers on frequency and for monitor-
ing the noise spectrum of the jammer,

Gmb Extreme difficulty was encountered in tuning the AN/APTw2
(Carpet) and AN/APQ-2 (Rug) jemmers on frequency due to the complexity

of tuning (four controls) and due to the serious interaction between conm
trols. Although it wes easy to tune the carrier on frequency it took a
reculiar and unpredictable combination of the four controls te obtain an
effective degree of modulation and on two occasions after an hour's strug-

gle by tvo carpet "experts" tests were cancelled becsuse satisfactory
operation could not be obtained,

86 A minor emount of inconvenience was eaused by using three APRel
recelvers whose calibtrations did not agree closer than + 10 Mc at 700 Me.
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. It would therefore be desirable, in any jamming operation, to align all
receivers which must be coordinated so that their ¢alibrations agree
within & 1 Mc over the operating range.

9. SETTING ON PROCEDURE.

9-1 It was detemined by experiment that the best setting on pro~
cedure for the TDY was as follows!

(2) Tune in radar signel to be jammed on APR=1 and note fre-
qnency.

(b) Set coupling and tuning controls of TDY from calibration
charts to correct frequency with plate power off.

(¢) Turn up plate power on TDY and tune frequency control for
maxd mum response on APR=1l carrier meter,

(d) Check monitor scope on TDY to see if noise character is
approximately normel: if self-pulsing is indicated reduce
coupling until noise is nermal and recheck tuning.

(e) Tune APR-1 back and forth over signal to be sure that only
one carrier hump is present. If two humps are present, one
oach side of the desired frequency, a "line stretcher" 1is
needed and should be adjusted to give a single carrier
hump on the correct frequency.

(f) Check on RDK panéramic adaptor. If the TDY has been tuned
properly a carrier hump with fairly uniform sidebands out
to + 3 lic will be apparent, Since the RDK with the APR-1
may not have a flat amplitude response versus frequency it
may be necessary to actually tune the receiver through the
noise band to determine the tniformity of the side bands.

10. ANTENNA CONSIIERATIONS.

10-1 The characteristics of the Carpet Corner Reflector Antenna
(AS+71/SPT=-2) were measured at the Naval Research Laboratory and found
to be as follows?

Horizontal Vertical
Frecuency Beam Width Beam Uidth Power Gain Gain over Dipole

700 Mc 65.5° 51.5° 8¢9 8.8 db
560 lie 75° 670 5.96 7.2 db

10-2 Tests aboard the U.S5.S5. Cooper indicate that a directional
antenne is required with the TDY and one with more gain than the Carpet
Corner Reflector is desirable, An antenna beamwidth of 30° in both
vertical and horizontal at the high frequency end of the TDY range appears
to be feasible and would give a gain of about 15 db over a dipole insuring
complete jamming of a destroyer echo in to about 5000 yards.

103 It was determined that a dipole antenna or other type of fixed
non~directional antenna did not have the necessary power gain in conjunc-
tion with the TDY to do an effective Jamming job.
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Appendix 1.
20 June 194l

Interference Due to Pulse Transmission

by John M. Miller, NEL

Summaxy

Utilizing previously derived Fourier series analyses for rec-
tangular, triangular and cosine-squared pulses, expressions are derived
for the amplitude of the side bands at frequencies remote from the car-
rier with special reference to interference with our own communication
equipment by Radars or Jammers. It is pointed out that there is consider-
able possibility of interference at frequencies widely remote from the
carrier when the pulse approaches a rectangular shape.

In considerations of interference, say with communication equip=
ment, due to Radars or Jammers, it is of interest to investigate the
smplitude of the side bands of pulse transmission relative to the carrier
at frequencies remote from the carrier. This is rather simply derived
from Fourier series eanalyses of pulse transmission of various shaped
pulses such as those given by B. Salzberg in a mimeographed laberatory
memorandum dated June 23, 1931, and entitled "Pulse Trensmission Spectra®
He deels vith three pulse shapes, rectangular, trianguler and cosine-
squared and his analyses are given in equations (Ua), (U4d) and (4e) on
page 2. The pulse length | is defined as the time width at the half-
voltaze point of the pulse. This makes the carrier component have the
seme value ED for the three pulse shapes, where E is the peak pulse vol-
tage and D is the duty cycle (product of pulse length T and repetition

rate r), The amplitude of the side bands is seen, from these equations,
to be ,

Rectangular ED :EEE_ZZ;EQ
A ﬁ‘nD A
Triangular Ep/8in T nDY)
: \ /T nD
Cosine-Squared ED .

1. ‘gin 2 77 nD
1-4m2527 ( 2 7rad

where n is the order of the side band. The amplitude of the sidebands is
zero vhen sin 1nD is zerc and is a maximum approximately when sin nd
is unity. Wo will dofinc A as thc ratio of corrioer amplitude to sido ~-
band anplitudo undor the latter condition. Thus, if A 1e one thousond,
the side bond amplitude will bo one thousandth or 0.1 per cent of the
garrior anplitude. We havo, thorcfore, the following oxpressions for Al

SECRET . Page 1 of Appendix 1.
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Supplement to TDY Destrover Jemming Tests

1. Photograph 1 shows the maln receiving and snalyzing equipment ine-
cluding an APR-1 receiver, APA-b pulse esnslyzer, RDK pancramic adaptor,
LAE pulse signal generator, P-522 receiver, CiFo spectrum anslyzer,

¥ Carnet® jammer, "Rug" jamner, and slotted line.

2., Photograph .2 shows the monitor station set up on the aft deck house
using an APR~1, RDK and. APA-G.

%. Photograph 3 shows the forward receiving antenna located on the
forwvard part of the bridge.

L, Photograph A+ shows the two TDY's with a monitor oscilloscope,

5. Photograph w5 shows the "Carpet" corner reflector nocunted on the ,2

forvard five inch gun turret on o rotatable pedestal.

6. Photograph .6 shows the "Carpet" corner reflector on the main deck

forwardt.
7. Photograph 7 shows the NRL "Cilcen™ sntenna on the 42 gun turret.

8. Photograph & shows the ezperimental RRL bent dipole mounted on the
pert sicde of the gun director.

S. Phctograph O shows the "Carpet" corner reflector on the stub nest
afte

SECELT




Rectangular Az 7nad
Priangular A= (TrnD)z
Cosine~Squared A- 270D (1-Un2p2)

= 8 70303 (nD >>3)

The frequency difference A f between the n'th sideband and the carrier is

nr since the sidebends are spaced r cycles apart. Hence, remembering
that D = t, we have:

r
Rectangular Af = _A
gul me
Triangular Af - _\_/_:A:__
Tt
Cosine-Squared " pf o2 O, A
2.9 1,

Exemple. ~ Vith a pulse length of 1 microsecond, the side bands are re-
duced to 0,01 per cent (A = 10,000) of the carrier at & frequency removed
from the carrier by 3200, 32 and 7.4 megacycles, respectively.

The above results for a rectangular wave should not be taken
too seriously for in practice such & wave form is never encountered.
However, they do indicate the very large spread in the side bands which
will acconpany an approach to the rectangular shape. Hence, in the case
of the D.C. pulse cable (carrier frequency = O) supplying a magnetron
where particular effort is made to obtain a pulse with steep sides there
ia the possibility of interference with communication receivers at fairly
high frequencies. Also in the case of vacuum tube or magnetron jammers
modulcted with nolse, there is the possibility of interference at free

quencies remote from the carrier due to overmodulation, clipping or quenche
ing during the modulation eycle.

o Page 2 of Appendix 1. -




