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1-1 The primary purpose of the t e s t s  conducted at the Chesapeake Bay 
Anne:: on 30, 31 Ilay, 1 and 2 June mas to determine the minimum jamming 
range of the TDY transmitter t o  jam out a destroyer echo against a 700 Elc 
f i r e  control radar (Ikrk IV) mounted on another destroyer. From the in- 
formation gathered during these t e s t s  a suitable antenna f o r  use with t h e  
TDY ril~ich nould jam out a destroyer echo i n  to  6000 yards na,s to be de- 
veloped at Radio Research Laboratory. 

1-2 Zcho measurements gere made of the U.S.S. Cooper (695) to  d e t e r  
mine the effect ive radar cross section a t  several radar frequencies. 

1-3 Kinimum jamming ranges Tern determined f o r  most aspects of the 
destroyer n i t h  several jammer antennas and t l ~ o  antenna heights. 

1-4 vinimum jamming r a g e  was also determined against the "Hot Ilogn, 
simulated Uurzborg, on 560 1:fc at the Chesapeake Bay Annex and against the 
Liak V radar on b0 lAc at the Chesapeake B a ~ r  Annex, 

1- 5 Screening t e s t s  w r e  run t o  determine the order of magnitude of 
b e a r i ~ z  errors  caused by off bearing jamming. 

1-6 Interference aboard ship caused by the TDY transmitter was 
checlceC~. 

1-7 A suitable method of se t t ing  the 'PDY jammer on a radar frequency 
nas determined. 

2-1 !&is i s  a repor t  on the jamming and echo measurement t e s t s  coo- 
ducted at the Chesapeake Bay Annex on Llay 30 through 2 June 1944. 

2-2 The t e s t s  involved two destroyers, the U.S.S. Cooper and the U.S.S. 
Trip:?e, and the following equipment ins ta l led  on board the Cooper: 

(a) TDY jamming transmitter, 
(b) A~;/APT-~ jamming transmitter (carpet), 
(c) Ail/AP@2 jamming transmitter (Rug), 
(d) AN/APR-1 search receiver , 
(e) ~ i l ~ / i W K - l  panoramic .adaptor, 
(f AN/APP~G pulse analyzer, 
(g) A S - ~ ~ / S P % ~  corner ref lector ,  
(h) C A E T Z G & ~ J  Dipole, 
( i )  E?L * O i l  C m "  cone, 
(j ) Experimental RRL bent dipole, 
(k) A S . ~ ~ / S P &  dipole. 



!the Mark I V  and SG radars aboard the destroyers, the Mark V and "ot Dog? 
(simulated Wurzburg) radaks at the Chesapeake Bay h e x  were used i n  
addition to  the l i s t e d  equipment. - 

2-3 The tes t s .  had the  following def ini te  aimst 

(1) to  make echo measurements of the l a t e s t  c lass  destroyer 
to  determine i ts radar cross section as a function of aspect and range. 

(2) to  detennine the minimum jamming range of a TDY jammer 
to  self-screen a destroyer f o r  i t s  various aspects and t o  determine 
accurately how much antenna gain would be required to  screen a destroyer 
at all aspects n i t h  the TDY i n  t o  6000 yards. 

(3) to  detennine the amount of FD bearing e r ror  created by 
o f f  bearing jamming. 

(4) t o  detemine a suitable means of se t t ing  the TDY jammer 
on frequency. 

3-1 The TDY under service conditions w i l l  self-screen a large de- 
stroyer f o r  a l l  aspects at ranges beyond 6000 to  7000 yards against a 700 
iiic f i r e  control radar such a s  the Idark I V  with antenna height of 55 feet 
if used n i t h  an antenna of 9 db gain and a height of about b feet .  

3-2 Nuisance jamming with screening of some aspects w i l l  carry the 
jamming range i n  t o  about 4000 yards, except f o r  the bow aspect mhicl~ can 
be jmuned i n  to  600 yards. Bearing errors  to  a lobe-srritched radar r r i l l  
be caused by off bearing jamming even thou@ the range indication i s  not 
jammed. 

3-3 An increase i n  Jammer power by at l eas t  10 times would be re- 
quirecl to  screen a destroyer a t  the above mentioned ranges with a fixed 
no-directive antenna.. 

M- Location of a rotatable corner ref lector  on a stub mast on the 
a f t e r  deck of a destroyer shows no significant l o s s  through the ship's 
superstructure providing the antenna i s  suff ic ient ly  high to  c lear  the 
stacks by a few feet. 

3-5 Some interference t o  radio communications and meter w v e  radars 
was encountered aboard ship, The SG3 radar showed a 10 db lo s s  i n  sensi- 
t i v i t y  ~rhen i ts antenna was directed at the llDY antenna,. The TBS high fre- 
quency communication channel shoved a reduction In sens i t iv i ty  between 10 
and 20 db when the TDP was operating, The normal communication receivers, 
IFP and the SO radar were unaffected by the jamming. Since a l l  i n t e l c  
ference from the jamming appeared to come through the antenna c i rcu i t s ,  
proper srntenna s i t i n g  and wave t r q s  might a l lev ia te  the situation. 



3-6 !he main d i f f icu l ty  n i t h  the TDY was due to the f a c t  that it 
had numerous gaps i n  i ts tuning range. This maae it  impossible t o  tune 
the equipaent t o  some frequencies. On frequencies where the TDY did 
operate normally the se t t ing  on procedure w a s  simple and effective by 
means of the APRl ca r r i e r  meter and RDK panoramic adaptor. 

3-7 I t  was detennined that a "line stretcher" inserted i n  the TIE  
transmission l i n e  made possible, under most conditions, tuning the TDY 
t o  c r i t i c a l  frequencies. 

3-a It i s  recommended tha t  a l ine  stretcher capable of changing the 
transmission l i n e  length by at l e a s t  50 centimeters be included with all 
TDY equipments. 

3-9 An B S - ~ ~ / S P T - ~  corner ref lector  antenna o r  equivalent with a 
gain of 9 db i s  on the borderline f o r  use mith the TDY t o  give complete 
self-screening of a, destroyer i n  t o  6000 ya,rds against a 700 Edc radar 
equivalent t o  a hiark IV. Por assurance of complete screening in to  6000 
yards en ~ n t e n n a  gain of about 12 to 15 db i s  desirable. A directionel 
antelma of any type requires an operator to  continuously t r a i n  i t  toward 
the victim ship, but t h i s  appears to  be a necessary condition f o r  effect- 
ive j m i n g  n i  t h  the jammer powers ami lable  at present, 

3-10 i3y proper s i t i ng  of jammer antenna and receiver antenna, making 
use of antenna patterns and ship structure fo r  attenuating the pick-up 
betneen the two antennas it is  possible to  contimausly monitor at modelc 
a t e  ranges the radar signal through the jamming signal and to  see im- 
mediately on the RDX panoramic adaptor if the J m e r  deviates from the  
radar frequency o r  vice versa. 

3-11 A table follows which gives the various minimum jamming ranges 
achieved n i th  the  lIlDY jammer: 



Antenna - Radar Freq. Jamming Bange Jaming Range 
( ~ d a * )  , , (Yds. 5 

Measured Wcuc Measured C a l m  
l a t ed  - - lat ed - 

Corner Reflector Trippe 7400 t o  
AS-7 1/ ~ 5 2  htk. I V  700 hdc $00 7 800 600 

Dipole Trippe 
c.Aa-G&W 5 IV 700 MC ~ 1 0 , 0 0 0  16,000 5.000 5,300 

Experimental RRL Trippe 
Bent Dipole I V  700 Xc 5,500 s,ooo >g,ooo 

Corner Xeflector b i p p e  - 
at I iain Deck &. IV 700 MC 10,000 10,500 3 # 500 3,200 

Corner Reflector CBA 
H O ~   DO^ 560 MC -- 

Rug Dipole CEh 
~ ~ - 3 7 / ~ ~  ~lik. v 400 MC -- 1,500 

ECHO BIEBSWi. ZNTS. 

4-1 Reference t o  Naval Research Laboratory reports on Echo Measurem6nts 
concerning methods of measurement, significance of resu l t s  and methods of 
calculation is requested, (NRL reports I$-2232 and R-2332). 

4-2 Pla tes  through $58 of t h i s  report show the echo measurement 
p lo ts  of the DD-695 made during the subject tes t s .  

4-3 Of major in te res t  t o  t h i s  report a re  Plates  d4Q and A1 tohich 
show the  echo strength of t h e  DD-695 on the hiark I V  radar aboard the 
DI) - IC~~ as a function of range and aspect and Plate  which shons effect- 
i v e  area as a function of frequency, By means of these curves i n  cow 
parison n i t h  the n u s  showing the minimum vis ib le  signal through jamming 
as 2, function of range (Plates 20 through 37) it i s  possible t o  approwi mate 
the m i n i m  jamming range f o r  each s e t  bf conditions by determining the 
points 1711ere the echo amplitude is  equal t o  the minimum visible  pulse 
through the jamming. I t  should be noted that  the signal strength In 
Plates  20-37 i s  plotted i n  minus db 80 that  the lotver the numerical value 
the hi<;l.ler the signal strength. 

4-4 By means of the echo measurement p lo ts  as a function of fre- 
cpency of the DD-695 shown i n  Plate $112 which give the effect ive area o f  
the destroyer it  i s  relat ively easy to calculate the jammer power times 
antenna gain required to  jam out the destroyer echo at any range on a 
radar rrhose peak power times antenna @P is known. Tno val  es  of radar @ ctoss  section of the D&@5~were determined. af = 1.2 x 101 a s  the  



NAVAL RESEARCt-i L A R ~ P ~ ~ R ~  
a e  obtained from O. -5 at 700 Yc. C F ~  I 4.1 x lol4 aae the wlue  
obtained from the Chesapeake Bay dnnox at 700 hfc. h e  t o  experimental 
d i f f i cu l t i e s  i n  obtaining standard target data from the PD-405 i t  is f e l t  
tht the value of af detennined from the Chesapeake 3ay Annex i a  the most 
accurate of the two. The difference in  minimum jamming range aa cal- 
culzted f o r  each of the two values of Cf i s  about 36,L Using the larger  
value of \ef the c a l c u l ~ t e d  minimum jamming r a g e  is s l ight ly  greater 
than the greatest experimental reading. Using the smaller value of 6f 
gives 2, calculated value of minimum jamming range vhiclt f a l l s  i n  the same 
region 2 s  the average e,-perimental value. If the larger value of bf is 
used complete safety i s  assured that under no conditions w i l l  the m i n i m  
jamming renge be greater than the calculated value. 6f is the value of 
the r,?dar cross section f o r  distances beyond about 2500 yards. 

4 5  Assuming an eighth power law f o r  the echo power and a fourth 
potver lag f o r  the jamming power which holds aprroximatelY at ranges be- 
yond the f i r s t  mmimum of the lobes, a simple equation can be derived 
fo r  determining minimum jamming range: 

2 
(1) Received echo power = P r  Gr 9 h P .  ,A2 

(477.13 I?= 

(2) Effective masking power = PJ GJ or hr2 hf 
k 

where Pr = radar peak porter, G, = poner gain of radar antenna, Sf ss 
effective area of target,  PJ = jammer avePage power, G j  = power gain of 
jammer ~ntenna, r = range between radar end target, hr rad2.r 8ntem.m 
height, 11~ = jammer sntenna height, A= wavelength, k t jamming pomer 

eirrho power 
f o r  obscuring echo (dependent on type of moduletion on jammer and AJ 
properties of receiver. 

(3) For minimum j m i n g  range i f  i t  i s  assumed that  jammer 
porrer ~ m s t  equal echo poner at the radar receiver (which i s  aqproxirnately 
true nlten noise modulation i e  used) (1) and (2) can be equated, making 
k r 1: 

4-6 Calculating the minimum jamming ranwe fo r  the broadside aspect 
of t':e ~2-493 fo r  event G nhere Pr = 50 x 1d vatts ,  G, = 150, 
r;= $ x 10 square meters ( f r o m  Plate 42). P j  . 20 vat t s  (effective), 
Gj ,: G,  hr = 50, h j  - 40. 



r = 7;..3 x 103 meters 

r = 7.3 x 103 meters = 7900 yards f o r  ~f = 4 x 1014 (a8 measured 
from CU). 

r = 5600 yards f o r  = 1 0 ~  (a* measured from Trippe). 

ikperirnentally as s l ~ m  on Plates  1, 2, 3 and 4 the minimum 
Jamming range of the broadside aspect f o r  event 8 tvas between 5400 and 
7400 yards 

%e calculation of minimum Jamming range, therefore, i a  i n  excel- 
l en t  agreement n i t h  the experimental results. 

4-7 Inside the f i r s t  maximum of the lobe the echo power appears t o  
increase no more rapidly -than the jammer power so that  i f  complete jam- 
ming i s  possible i n  to the f f r s t  maximum where 

i t  appears l i k e l y  that the minimum jamming range w i l l  be considerably 
l e s s  than would be calculated from the equation of 4-4 and might con- 
ceivably be zero range i f  the Jammer antenna height were reduced as rmge 
decrecsed to  maintain it at optimum height. Since the first maximum i s  
at 3100 yards at 700 Ivlc, f o r  antenna height of about 50 f ee t  it i s  inside 
of t he  useful  range and so w i l l  not be camlyzed a t  t h i s  time. :]hat can 
be nentioned honever i s  that  i n  event g the theoretical  minimum jamming 
rmge from the equation of 4-5 f o r  the bow aspect i s  about 2200 yards 
while actually i n  the t e s t s  the bov aspect vas jammed i n  t o  minimum radar 
r a g e  of 600 yards, 

5- MINIMUM JAWING RANGE. 

5-1. The jamming equipment and two BPS1 receivers complete with RDX 
panoramic adaptors and MA-6 pulse analyzers nere temporarily ins ta l led  
on the fornard port  quarter deck of the Cooper. One APh1 mas ins ta l led  
on the a f t e r  deckhouse n i t h  its antenna well shielded from the jammer 
antennas by the ship's superstructure. The Jammer zntennas nere mounted 
i n  turn, es needed, on a five-foot pedestal si tuated on t h e  second f ive  
inch C u n  t u r r e t  just  fornard of the bridge except a,s noted f o r  events 12 
and it. &ring the jamming runs an operator kept the antennc trained on 
the victim ship except during evente 11 2nd 12. The forrard receiving 
entenm, (hi-801 cone) was mounted at the bridge level  jus t  below the f o p  
nard navigetion light. The a f t e r  receiving antenna vas mounted on t h e  
a f t e r  declchouse well shielded by the ship's  superstructure from the jsminer 
antenm, locetion f on~ard. 



5-2 The U.S.S. Cooper mas designated as the jamming o r  "Jn ship  and 
the  U.S. S. Trippe the victim o r  "V'I ship. &ring the jamming m s  the 
ship nade slow t i gh t  c i r c l e s  with its jamming antenna continuously t ra ined 
on the 'V" ship  which was running i n  and out  on a fixed course t o  detelr. 
mine the minimum jamming range versus 'I J" aspect. Data was taken at half  
minute - in te rva l s  with s-ynchronized watches t o  permit coordinztion of 
infon.lation on the  f i n a l  p l o t s  of data. The SG radars on the  "VV" ship 
and on the  "J" sh ip  kept a continuous record of r e l a t i ve  ship  ranges and 
bearings and the  "Jtf ship kept a, continuous record of i t s  heading while 
the  I'D operators on the  "V" ship  kept a continuous record of jamming 
s t rength  (measured i n  reference t o  minimum v i s i b l e  p i p  from a standard 
pulsed s ignal  generator) and whether o r  not the "J" echo mas visible.  
Since readings mere teken at half  minute in te rva l s  and the "J" ship  
c i r c l ed  at a rake of about 360 degrees i n  f i v e  minutes an uncertainty 
f ac to r  of about 360 f o r  each point  i s  evident. 

5-3 The r e su l t s  of the  minimum jamming range t e s t s  a r e  p lo t t ed  i n  
graphical  form showing the  lrJ" a s  s ta t ionary n i t h  the "V" ship c i r c l i n g  
i n  a s p i r a l  fashion mith continuously decreasing range. This method 
s i m ~ l i f i c s  p lo t t i ng  and presents the information i n  an ea s i l y  in te rpre ted  
manner. A small c i r c l e  indicates  t ha t  a reading nas taken but the "J'I 
echo r ~ a s  not v i s i b l e  during a half  minute interzaLL. Arrows indicate  
points  t-$here the echo w a s  v i s ib le  during a hCdf mindrtc in torval  and a 
double l i n e  i s  d r a m  betwoen po in t s  rrhero the  echo could be scon f o r  throo 
o r  more consecutive half  miliutc periods. Radial dotted l i n e s  shon ' tho 
included a rea  vhere j m i n g  was inoffoctivc duc t o  shielding of tho jamor 
ant cillla by the ship '  s supers t ructurc and thcrcf ore should be disrogardod. 

5-4 Event 15 consisted of a sc r ios  of four  ruils using the TDY n i t h  the  
"Carpet" corner r e f l e c to r  antenna ( A S - ~ ~ ~ S P T - ~ ) ,  which has a gain of  
about G.8 db over a dipole a t  700 Mc, t ra ined against  t he  Mark IV f i r e  
control  radar on the It VI1 ship. Tlic TDY nos radie t ing about 50 watts  at 
t h i s  f rcqu.cncy. 

P l a t e  1 i s  the p lo t  of event 8 ,  run 1. It  i s  cvidcnt that  broad- 
s ide  ochocs could bc seen through t h e  jcunming out t o  about 5500 yards 
but the  borr on aspccCu  as jammcd i n  t o  nbout 600 yards. 

P ln tc  2 i s  thc p l o t  of cvcnt 8,  run 2, Tho f i r s t  broadside 
echo 1ms sccn a t  7403 yards b-ut thc bow aspcct vras j~nrnllod i n  t o  minimum 
range of 12GO y~~r t l s .  I t  tlp?cnrs t lmt a time e r r o r  cntcrod the p ic tu re  
on the millipurn range c i r c l c  on t h i s  p lo t  n t  1200 yards since the j,?rilmod 
por t ion has rota ted from bow to  starboard aspcct. 

P ln t c  3 i s  the p lo t  of cvcnt 8, run 3, Tho f i r $ t  broadside echo 
appears n t  5800 yards and., cxcopt f o r  oilc reading at 4600 yards the bow 
on aspect i s  J,w,~cd i n  t o  n'rninum r,mgo of 1600 yards. 

Plntc  4 i s  thc  p lo t  o f  cvcnt 8, run 4. The f i r s t  broadside ocho 
appears a t  a rmgo of 5200 yards and the  bow aspcct i s  jammed i n  t o  mini- 
mum r ~ n p  of 1500 y ~ r d s .  



5-5 An anZrlysis of event 8 shorrs excellent agreement between the 
fou r  runs. Zxcept f o r  one exception (which nay be due to  a s l igh t  timing 
er ror )  the bow aspect of the destroyer ma8 jammed i n  to the m i n i m  range 
of each run, between 700 and 1500 yards, The broadside aspect, which gives 
the  s troilgast echo, could only be jammed i n  to  between 5200 and 7400 
yards. Since on the four  runs only one reading was obtained beyond 5800 
yards i t  appears safe  to  say that  the TDY v i t h  the &71/SP%2 corner 
re f lec tor  antenna at a 40 foot antenna height can completely jam a new 
c lass  destroyer echo f o r  a l l  aspects at 6000 yards against a Mark I V  f i r e  
control radar on 700 I4c. 

5-6 Zvent 9 was similar to  event E, except the t  the type CBIIZ-&AHN 
broad band dipole was used mith the TDY. 

Pla te  5 i s  the p lo t  of event 9, ~n 1. The f i r s t  broadside echo 
was obtained at 9700 yards but no bow aspect echoes were v is ib le  i a t o  
6300 yards, minimum range of t h i s  tun. 

Plate  6 i s  the p lo t  o f  event 9, run 2. !Che f i r s t  broadside echo 
appears at 9700 yards. No bow aspect echoes appear i n  t o  the  minimum 
range of 6000 yards. 

P la te  7 i s  the p lo t  of event 9, run 3. The f i r s t  broadside echo 
appears at 11000 yards. No bow aspect echoes eqpear i n  t o  minimum rmge 
of 5000 yards. 

Plate  8 i s  the p lo t  of event 9, run 4. The f i r s t  broadside echo 
appears at 6600 yards and the f i r s t  borr aspect echo appears at 4500 yards. 

5-7 An analysis of event 9 shows that jamming nas spotty mith the 
dipole a t e n n a  but that some aspects of the destroyer nere jammed i n  to  
5000 y2xds. Complete janming appears impossible inside of 10000 yards but 
nuisance jamming of some value takes place i n  t o  5000 yards. 

5 - g  Event 10 i s  the same as events 8 and 9 except that  the Naval 9- 
search Laboratory 'foilcan" (broad band cone) antenna mas used with the 
TDY. 

P la te  9 is  the p lo t  of event 10, run 1. CIhe f i r s t  aignificcmt 
echo (rillich probably corresponds to a broadside aspect) appears at a 
range of 9200 yards. No born aspect echoes appear i n  to minimup range of 
.3b0 yards, 

P la te  10 i s  the plot  of event 10, run 2. The f i r s t  echo appears 
at 10000 yards and probably corresponds to  a broadside aspect. no borr-on 
echoes a re  v is ib le  i n  to minimum renge of 4900 yards. 

5-9. An analysis of event 10 shows that  the cone antenna is roughly 
equivalent to  the dipole. Complete jamming is impossible inside of 10000 
yards c.lt11ough misance jamming of some value occurs i n  to  at l ea s t  3400 
yards vllere the bow aspect i s  s t i l l  jmled. 



5-10 Event 11 is  sini1a.r t o  preceding events except that  a fixed 
antenna (bent dipole with reflector) which mas furnished by Dr. Alford 
of ?adio Research Laboratory mas used n i th  the TIX. This antenna w a s  
mounted a t  the director level  directed straight out on the port beam 
about 55 fee t  above the water level. It mas hoped tha t  an antenna of 
t h i s  tyye nould screen a 1800 sector of the destroyer. 

Plate  11 is  the p lo t  of event 11, run 1. A broadside aspect 
included angle of lkO at GOO0 to 9000 yards i s  screened by the jamming. 
A broa-dsfde aspect included angze of 60° to  70° a t  6000 to 7000 yards 
is screened and inside of 5000 ya,rds apparently only nuisance jamming 
takes place rrith al ternate  observations showing the pip visible. 

P la te  12 i s  the plot of event 11, run 2. A broadside aspect 
'included angle of about 60° at 7500 yards and of 50' a t  5000 to 5500 
yards is  jammed. 

5-11 An analysis of event 11 indicates that insufficient coverage f o r  . 
bow and s tern aspects i s  avzilable. Pour fixed antennm of t h i s  t ~ p e  
might conceivably give complete jamming coverege i n  t o  6000 yards if a 
selector srritch mas used to  snitch i n  the appropriate antenna f o r  c o v e r  
ing the desired aspect. %o antennas of th i s  type, one on each side of 
a destroyer would not give complete jamming inside of 10000 yards. 

5-12 Event 13 is  similar to preceding events except that a " Carpet" 
fi?/AP~-2 jammer mas used n i t h  the corner reflector antenna to obtain a 
relat ive idea of the effectiveness of the TDY a s  compared to  a piece of 
equiplent nidely used by the services. 

Plate  13 i s  a plot  of event 13, nm 1. !There rras no self-screen- 
ing insi&e of GO00 yards. The bow aspect mas jammed i n  to &OO yards 
and the broadside aspect i n  to 9200 yards. 

Plate  14 i s  a p lo t  of event 13, ntn 2. Very few observations 
are noted ~yhere the signal i s  jammed but a fern points w e  jammed i n  to 
7500 yards. This plot i s  not conclusive but one rrould assume that a time 
error  of about 15 minutes i s  present i n  the data f o r  t h i s  run end that 
the jarmed points at 7500 yards should f a l l  off the bow rather than 
broadside. 

!Fl3 An analysis of event 13 indicates that the AN-APT-2 jammer i s  
ent i rely inadequate to self-screen a destroyer inside of 10000 yards 
and suff ic ient  information i s  not available from th i s  t e s t  to give a 
minin-1 jamming range. 

1 E v e n t l b i s a t e s t o f  theTDYvr i th thecorne r re f l ec to ra t  the 
main deck leve l  f oma,rd of number one $inch ' gun turret  at about 25 f ee t  
antenna lzeight. This t e s t  run to  determine the effect of reduced 
antenna height. 



Pla te  15 is the p lo t  of event 14, run 1. The broadside aspect 
is not jammed inside of 8800 yards and the bow aspect i s  not jammed in- 
side of 5400 yards. 

P la te  16 is the p lo t  of event 15, run 2, The broadside aspect 
is not jammed inside of 7800 yards except f o r  one point at k 0 0  
which mcy be a "mildft reading, The bow aspect is  jammed i n  to  

1 An analysis of event 14 (which should be compared to  event g) 
shons that  a very serious increase i n  minimum jamming range takes place 
vhen the antenna, hei&t i s  reduced by tno to one. 

51.6 3vent 12 consisted of a ser ies  of three runs i n  which the Carpet 
jammer 2nd corner ref lector  mounted on a stub mast on the a f t e r  declchouse 
nere used to  determine the affect  of the ship's superstructure on t h e  
antenna pat tern. 

P la te  17 ahoms the affect  on the antenna pat tern tlith the  sntenna 
directed s t ra ight  toward the born through the  ship's  superstructure, Since 
the antenna height vas s l igh t ly  above the top of the stacks, the only 
major obstruction w a s  the mast. 

P l a t e s  18 and 19 show the pat tern u i th  the antenna pointed 30° 
off  the born r ight  and l e f t  respectively. 

5 1 7 .  Analysis of event 12 shons tha t  no signel strength i s  l o s t  due 
to  the ship's  superstructure except that  the pattern i s  cut  up to some 
extent into several f a i r l y  sharp lobes with a maximum ra t io  of 14 db 
betneen peaks and valleys. Since the born aspect of a destroyer i s  the 
easiest  one t o  jam no serious loss  i n  jammer performance should be 
caused by locating the jammer slntenna on a stub mast on the a f t e r  deck- 
house i f  the mast is suf f ic ien t ly  high t o  c lear  the stacks by several 
feet. 

6. JAMMING RUNS AGAIIGT CBA RADA.RS. 

6-1 In these t e s t s ,  the Cooper s ta r ted  a.t a range greater  than 10000 
yards from the Chesapealre Bay Annex and advanced slowly toward the 
s ta t ion  u n t i l  the radar operators could detect the Cooper echo through 
the jaming. 

6-2 The TDY jammer, used with the  corner ref lector  sntenna AS171/SPT-2 
allolred the bow aspect ship echo to  be seen at 2300 yards on the "Hot DogU 
( s imloted  ilurzburg) radar, as shorn i n  Plate  36. 

6-3 The TDY jammer, used with the Rug dipole antenna ( A S - ~ ~ / S P ~ ) ,  
prevented the ship echo from being seen i n  to  1500 yards on the Marlc V 
radar, as s l ~ o ~ n  i n  Plate  37. 

611. 'ho t e s t s  were made to determine the effect  an FD radar bearing 
accuracy by a jammer carried i n  a ship a t  a distance from the  target  ship. 



For these tes t s ,  the Trippe was stationed a t  a fixed distance from Cheaw 
peakg Bay Annex (about 9000 yards), and the Cooper, carrying the jammer, 
moved approximately i n  the p&ths shorn i n  Plates  3G and 39 at 10000 yards 
rang& off shore. 

6-5 !be graphs shorn the bearing e r ror  (the difference between radar 
bearing and optical  bearing) as a function of the difference between jamner 
and tmge t  bearings. The bezring e r ror  f o r  the FD radar without jemming 
i s  plus o r  minus 15 minutes, o r  about 4.5 m i l s .  This value is shown on 
the greghs. 

6-6 Pla te  38 shows tha t  most of the bearings obtained v i t h  jamming 
exceed i h e  allowable tolerance f o r  the Mark IV f i r e  control system. 
P la te  39 sl~ons that  nearly a l l  of the jammed bearings i n  t h i s  run have 
errors  i n  excess of the unjammed average. The absenoe of values i n  the  
region near zero relat ive bearing indicates that  the radar w a s  jammed 
suf f ic ien t ly  to  prevent the operator from training on the target by pip- 
matching. 

G7 It  mas hoped that  some def ini te  re la t ion could be found between 
relat ive jammer bearing and bearing error. The graphs r e v e d  no such 
relation. Ve conclude only ths t  outside of the sector i n  which the radar 
i s  completely jammed (about plus o r  minus 10 degrees), the bearing e r ror  
i s  increased considerably above the nonnal average. 

I 

7 W I O  Am RADAR INTErnRENCE, 

7-1 An attempt mas made to  check f o r  interference aboard the Cooper 
caused by operation of the TUY. k r i n g  the time evailable it  was not 
possible t o  make a check with the TDY operating at a l l  frequencies i n  its 
band but a fen point checks mere obtained. 

7-2 No interference nas noted on the standard communication receiver8 
anyvhere i n  t h e i r  range. 

7-3 a l e  noise level  i n  the high frequency communication receiver 
(TBS-1) was increased ten t6 twenty db when the TDY was operating. 

7-4 The noise l w e l  on the SC-3 wzs increased about 10 db when the 
radar antenna pointed a t  the TDY antenna n i th  the TDY tuned to 4-00 111~. 
n i s  might possibly have been due to  the second harmonic of the reoeiver 
loca l  o sc i l l a to r  beating with the 400 Mc TDY signal and furnishing a 1 5  
Blc 5-f beat. 

7-5 No noise increase could be noticed on the SG with t h e  TDY 0pere.t- 
ing and no interference could be picked up on the 13'3' channels, 

7-6 The SG radar was causing a very minor amount of interference to  
mmmunication channels due to  transmission of i t s  repet i t ion rate  tone 
on power mains. 



7-7 A l l  interference picked up from the TDY was due to  antenna pick- 
up so the obvious method of correction would be to sits the antennas f o r  
minimum pick-up and to use tuneable nave traps o r  f i l t e r s  i n  the antenna 
l ines  t o  eliminate the TDY frequency. 

t3-1 A maor  d i f f icu l ty  with the TDY w a s  that many holes i n  the band 
mere encountered i n  which the equipment vould not tune. This w a s  at l e a s t  
par t ly  due to  s l ight  reactance terms i n  the transmission l ine  termination 
and the use of a " l ine stretcher" to  reduce the reactance tenn often made 
i t  possible to tune to a diff icul t .  frequency. The location of the holes 
was a, function of a part icular  magnetron but the number of holes tvaa not 
a l tered by changing tubes. A standing wave r a t io  even a s  lorn as 1.5 to  1 
was s t i l l  suff ic ient  t o  cause holes i n  the tuning range. In the present 
TDY equipment, however, a "l ine stretchert1 o r  tuning stubs should be 
added t o  make possible tuning the equipment to  any frequency ni thin i t s  
range. "Line stretcherst1 should also be furnished f o r  any TDY1s o r  
CXI!T1s 1111ich are  now i n  aervice. The possibi l i ty  of reducing coupling 
belorr the minimum now available vould be a fur ther  help in  cutting down 
reaction of the antenna on the oscil lator.  

6-2 I t  i s  recommended that  the f i l a m e ~ t  voltage control on the 
magnetron be made availe,ble on the front  panel since many magnetrons 
require higher than .y amperes (1.0 to  1.1 amp) to  commence oscillatign. 
After osci l lc t ions have s tar ted the filament current can be reduced to  
i ts  recommended value o r  loner because of filament heating due to elec- 
tron bombardment. 

*3 The average magnetron l i f e  i n  the laboratory w a s  increased from 
f i v e  hours to 20 hours by running the filament current 10 to  20;: high f o r  
starting. 

6.4 The RDK panoramic adaptor had insufficient bandvidth and in- 
suff ic ient  f la tness  of response f o r  maximum usefulness. It i s  f e l t  that  
a pmoramic adaptor with 10 I.lc tot21 swept band which w ~ s  f l a t  ( in  con- 
junction with an APR-1 receiver) within 3 db over its band mould be an 
extremely valuable tool f o r  set t ing jammers on frequency and f o r  monitoe 
ing the noise spectrum of the jammer. 

h 5  Extreme d i f f icu l ty  mas encountered i n  tuning the AN/A.P!b2 
(Caqet)  end AN/AP&-~ (Ftug) jammers on frequency due to the complexity 
of tuning (four controls) and due to the serious interaction between con- 
trols. Altliough it me.s easy t o  tune the ca r r i e r  on frequency it took a 
peculicr cnd unpredictable combination of the four controls to  obtain an 
effective degree of modulation and on two occasions a f t e r  an hvur'a strug- 
g l e  by two carpet " experts1' t es ta  were cancelled because satisfactory 
operation could not be obtained. 

S-6 A minor amount of inconvenience mas caused by using three A F b l  
receivers whose calibra,tione did not agree closer  than 2 10 Mc at 700 Mc. 



I t  nould therefore be desirable, i n  arq jamming operation, t o  align all 
receivers which must be coordinated so that t he i r  Wibra t iona  agree 
within 5 1 Mc over the operating range. 

9. SETT J1JG ON PROCEDVRE 

4-1 It was determined by experiment tha t  the best se t t ing  on pro- 
cedure fo r  the 'PDT waa as follons! 

(a) !Tune i n  radar signal to  be Jammed on APRrl and note fro- 
quency. 

(1) Set coupling and tuiling controls of TDY from cal ibrat ion 
charts to  correct frequency with p la te  power off. 

(c) Turn up p la t e  power on TDY and tune frequency control for  
m a d  mum response on APb1 car r ie r  meter. 

(d) Check monitor scope on TDP to see i f  noise character i s  
approximately nonnal; i f  self-pulsing is  indicated reduce 
coupling u n t i l  noise is normal asd recheck tuning. 

(el !Fun0 APR-1 baek and for th  over signal to  be sure that only 
one ca r r i e r  hump i s  present. If  tno humps are present, one 
ekch side of the desired frequency, a " l ine stretcher" i s  
needed and should be adjusted to  give a single ca r r i e r  
hump on the correct frequency. 

(f ) Check on RDK panoramic adaptor. If  the TDY has been tuned 
properly a car r ie r  hump n i t h  f a i r l y  uniform sidebands out 
to  5 3 lfc w i l l  be apparent. Since the RDIZ ni th  the APR-1 
may not have a f l a t  amplitude response versus frequency it 
may be necessary to  actually tune the receiver through t h e  
noise band to determine the taniformity of the side bande. 

1+l The characteristics of the Carpet Corner Reflector Antenna 
(AS-7 1/ SPT-2) mere measured at the Naval Research Laboratory and found 
to  be as follons: 

Hori z o n t d  Vertical 
Frequency Beam Vidth Beam Tlidth Power Gain Gain over Dipole 

1012 Tests aboard the U.S.S. Cooper indicate that  a. directional 
antenna i s  required vrith the TDY and one m i  t h  more gain than the Carpet 
Corner Reflector is desirable. An antenna beamwidth of 30' i n  both 
ver t ica l  and horizontal a t  the high frequency end of the TDY range appears 
to  be feasible  and mould give a gain of about 15 db over a dipole inauting 
complete jamming of a destroyer echo i n  to about 5000 yards. 

10-3 It  was determined tha t  a dipole a n t e ~ a  o r  other type of fixed 
no-directional antenna did not have the necessary power gain i n  conjunc- 
t ion  rrith the TDY to  do an effective jamming job. 



Appendix 1. 
20 June 1# 

Interference Due to  Pulse Tr~nsmisaion 

by John M. Miller, -NRL 

Utilizing previously derived Fourier ser ies  analyses f o r  re* 
tangular, t r imgula r  and cosine- squared pulses, expressions are derived 
f o r  the mplitude of the side bands at frequencies remote f r o m  the car- 
r i e r  with special reference to Interference with our om c o ~ c a t i o n  
equipment by Radars or Jammers. I t  i s  pointed out that there I s  consider- 
able possibi l i ty  of interference at frequencies midely remote from the 
car r ie r  when the pulse approaches a rectangular shape. 

In considerations of interference, say with communication e q u i p  
ment, due to Radars o r  Jammers, it Is of interest  to investigate the 
amplitude of the side bands of pulse transmission relative to the car r ie r  
at frequencies remote from the carrier. This is  rather simply derived 
from Fourier ser ies  endyses of pulse transmission of various shaped 
pulses such as those given by B. Salzberg i n  a mimeographed laboratory 
memorandum dated June 23, 1931, md ent i t led aPulse Transmission Spectra? 
He deols ld th  three prlse  shapes, rectangular, triangular and cosine- 
equared and h i s  emlyses are given i n  equations &a), (4b) and (kc)  on 
page 2. The pulse length + is defined as the time width at the half- 
voltage point of the pulse. This makes the car r ie r  component have the 
same value ED f o r  the three pulse shapes, tshere E i s  tbe peak pulse vol- 
tage and D Is the duty cycle (product of pulse length r and repetition 
rate  r). The amplitude of the side bands i s  seen, from these equations, 
to  be 

Rectangular 

Triangular 

Cosine-Squared 

trhere n i s  the order of the side band. The amplitude of the sidebands i s  
zero :hen s in  TnD is zero and is  a m a x i m u m  ap13roximately vhen s in  7 n D  
i s  unity. Wo 1 7 i l l  define ,A as thc r a t io  of cclrrior amplitude $0 sdido - ' 
bznd x-lplitudo undor tho l a t t e r  condition. Thus, if A is one thouscmd, 
the sido b ~ n d  wpli tude -111 bc .on0 thollocmdth o r  0.1 per cant of t h e  
ocrrior a.~plitude. Va havo, thorcforc, thc folloning oxprcssfons f o r  At 
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Supplement to TDY Destroyer J m i n g  Tests 

1. Photogragh -,,:l shovs the main receiving t.!7cl ~ n a l y z i n g  equipment in+ 
cluCing stll APR-1 receiver,  PA-6 pulse alalyzer,  IWX pancrzmic a d ~ ~ ~ t o r ,  
LAE p l s e  s i g n a l  geiiera.tor, P-522 receiver, CLW spectrum ans.lyzer, 
I' CarL3etU jarmiter, "Rug1' jam:ner, s l o t t ed  l ine.  

2. Rloto.=.;raph ;,:2 s!zons the monitor stat ion set up on the aft d-eck house 
using 821 AFR-1, RDK and BP-4- 6. 

3. R:otograp!l it3 shoms the forvrarcl receivins antenna located on t he  
f on?erd pert  of the  bridge. 

4. Pl~otograph ;,4 shows the two TDY1s v;i th  a m n i  t o r  oscilloscope. 

5 Zlotogrej?h if5 sh01;vs the " ~ a r p e t "  corner r e f l e c to r  nountecl on t he ,,:2 
fo~.;.~?.rC f i v e  inch ,gun t u r r e t  on e, mtate.ble pedestel. 

6. Photograph ,,'5 sllovrs the "Ca,rpetU corner r e f l e c to r  on t h e  m ~ i n  deck 
f 0r~7~X'c .c  

7. Pho'co:;rq~h ~7 s h o ~ s  the DL "Oilczn" antenns on the if2 gun turret. 

g. Photograph $23 shor:s the experimental RBL bent dipole mounted on tile 
port siLe of the gun director .  

9. Phctograph ;r;Q shows tlie "Carpet" corner r e f l e c to r  on t h e  stub !w.st 
a f t .  



Rectangular A=: T ~ B  

Triangular A r ( T ~ D ) ~  

Cosine- Squared A = 2 77-p nD ( l J k r 2 ~ 2 )  

The frequency difference 4f between the n r  t h  sideband and the c a r r i e r  is 
nr since the aidebznds a r e  spaqed r cycles apart. Hence, remembering 
that 2 = t , ne have: 

r 

Rectangular A f = .-, A 
T r t  

Tri  angular Af  -= .-I J A  

Cosine- Sqyamd 

Example. - X t h  a pulse length of 1 microsecond, the side bands a re  re- 
duced to  0.01 per  cent (A - 10,000) of the c a r r i e r  at 8. frequency removed 
f ron the ca r r i e r  by 3200, 32 and 7.4 megacycles, respectively. 

The above resu l t s  f o r  a rectangular wave should not be taken 
too seriously f o r  i n  pract ice  such a wave form i s  never encountered. 
However, they do indicate the very large spread i n  the side bands which 
w i l l  acconpany a,~proach to  the rectangular shape. Hence, i n  the  case 
of the D. C. j d s e  cable ( ca r r i e r  frequency I 0) supplying a magnetron 
where par t icu la r  e f for t  i s  made to obtain a pulse with steep sides there 
i s  the poss ib i l i t y  of interference with communication receivers at f a i r l y  
high frequencies. Also i n  the case of vacuum tube o r  magnetron jammers 
modulr.ted with noise, there i s  the poss ib i l i t y  of interference at fre- 
quencies remote from the ca r r i e r  due t o  ovennodulation, clipping o r  quench- 
ing curing the modulation cycle. 
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