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ABSTRACT

In order to determine the most effective methods of setting a
noise-modulated jamming transmitter to a radar frequency, and the con-
sistency with which an operator can set on frequency well, tests were
conducted in the laboratory using actual jammers (TDY, etc.) with a
simulated radar system, at frequencies between 100 and 1000 megacycles.
Further information was obtained under operational conditions, using
actual radar equipments, at the NRL Chesapeske Bay Annex.

It was found that unless experienced operators use great care
in setting on frequency, and unless they possess, in addition to the
intercept receiver, at least the equivalent of an APA-6 pulse analyzer
or RD¥-1 panoramic adaptor (in good condition), that the ccnsistency
of setting on frequency for a number of trials is quite poor and that
the loss in jamming effectiveness may be equivalent to a serious reduction
in jamming power. This may be as much as 20 decibels in extreme -cases,
with & decibels as the statistically determined "expected" loss. Eight
decibels represents a reduction to about one-sixth of the maximum or
"sttainable" effective power, while 20 decibels represents a reduction to
one percent of the maximum.

It was also found that the best results with present available
equipment are obtained by using a pulse analyzer, such as the AN/APA-6 or
SPA~1, with an intercept receiver whose bandwidth is approximately equal
to the bandwidth of the radar receiver to be jammed. In general, there
is no significant difference in the suitability of the APR-1 receiver
(2-Mc bandwidth) end the APRedl (0.25-Mc bandwidth). However, the APR-L}
cannot be used in the narrow-band condition (0,25 Mc) with a panoramic
adaptor. The method of setting on frequency which is most rapid as well
as most effoctive ist (a) set the jammer to the correct frequency as
well as is possible with the APR-1 (or equivalent) receiver using the ,
panoramic adaptor; (b) make any further tuning adjustment of the jammer
neccssary to increase the amplitude of the noise as seen on the pulso
analyzer (the intercept receiver having been initially tunecd to the exact
 frequency of the enemy radar).

These experiments were conducted before the Model RDO Receiver,
Model RDJ Pulse Analyzer, and Model RIP Panoramic Adaptor became avail-
able; however, the conclusions reached are equally applicable to these
equipments, with the RDO considered to be approximately equivalent to
the APR-1.

lismen; i
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INTRODUCTIOY.

1. Considerable work has been done at this laboratory tc develop
methods snd techniques for determining the effectiveness of a radar-
jamming transmitter. Using these techniques it is now possible to make
quanjitative measurements, and to determine "minimum jemming ranges"

for various ship types. However, it became apparent after a few jamming
transmitters had been subjccted tc these tests that the results could
not be evaluated properly without taking into account the accuracy with
which the Yammer can be set "on frequency”.

Objects of the Study.

1-1. The first object of the present study, therefore, was to deter-
mine quantitatively how much loss in "jamming offectiveness" may result
in typical operaticnal cases due tc error in setting exactly on fre-
quency. This determination was desired in order to establish the im-
portance (or lack of it) of the setting-on-frequency problem. The second
object was to compare the relative efficacies of verious suxiliary equip-
ments and methods used in tuning jemmers to an enemy rader frequency.
This comparison was intended () tc estsblish a basis for detemining

the method of setting on frequency to be employed in future studies at
this laboratory of jarming-transmitter performance, and (b) to provide
information applicable to operational use of radar-jamming transmitters.

Experimental Procedure

1-2, With these objects in view, two sets of experiments were con-
ducted. One of these was an operational test at the NRL Chesapeake Say
Annex with the jemming transmitters mounted on a tower 18,000 yards from
the station. ZEnough trials were made of setting on frequency with a par-
ticular jammer operating against cne radar to give an ldea of the stat-
jstical spresd of jamming effectiveness. The other test was conducted
in the labeoratory with a simulated radar system to determine the most
effective methed available for setting on frequency. It was resolved
into the twofold problem of the APR-1 receiver vs. the PRl receiver,
and APA-6 (pulse analyzer) vs. RDE-1 (panoramic adaptor).

1-2-1. Both the APA-6 and the RDK-1 can be used with either the APR-1
or the APR-L: however, when the optional 0.25-Nc i-f bandwidth is used
in the APR-U, the RDK~1 has very poor respcnse., The APE-1 receiver
nominally has 2-Mc bandwidth (points 6 @b from peak); a measurement
jndicated nearly o 2-Mc bandwidth for the two APR-1's available, but
only l=Mc bandwidth if points "3 db down" are used for measurement.

This latter definition of bandwidth will be used in the present report,
so the APE-1 bandwidth will be considered as 1 Mc. The APR-U has very
nearly its specified bandwidth of 0.25 lic with the bandwidth switch on
the "narrow" position.

1-2-2. The decision between the APR-1 and the APR-U4 is thus one between
wide- and narrow-band receivers for setting on frequency. (The report
listed as reference (a) described a method for reducing the APR-1 band-
width to 0.25 Mc on the assumption that this was preferable to 2 Mc. )
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Use of the RDK-1 panoramic adaptor provided an effective receiver band-
width of 50 kc. The choice between RDX-1 2nd APA-6 was a choice between
using 2 relatively accurate method of adjusting the frequency of maximum
jammer power output to the redar frequency, or using o type "A" presen-
tation to view the jammer modulation azs it would be seen on the victim
radsar. In view of the many variable factors involved, one could expect
no general, simple enswer to the preposed problem. The most effective
means of setting on frequency might be expected to vary with the radar-
receiver bandwidth, the particular jammer used, and the loading of the
jammer by the antenna at the particular frequency of operation (this
includes the effect of the electrical length of the line coupling the
transmitter to the antenna).

Authorization and References

1-3. The work on this problem was conducted under the authorization
of NRL Problem SH11.1E-S which calls for determination of the jamming

ef fectiveness of variocus transmitters. Pertinent references are listed
below?

(a) Redio Research Laboratory Report 411-14€, dated 10 January
1945, "Conversion of AN/APR-1 for Reduced Bandwidth and
Sensitivity".

(b) NRL Secret Report R-2423, dated 16 December 19H4: "Per-
formance Tests and Modifications of the Mcdel TDY Radar
Jamming Transmitter".

(c) NRL Secret Report B-2498, now in preparation: "Dependence
of the Effectiveness of Clipped Noise Jamming on Receiver
BandWid.th“ .

(d) S.0. Rice: "The Mathematical Analysis of Random Noise,"
B.S.T.J., July 1944 and Jamary 1945,

OPERATIONAL TESTS FROM TILGHMAN ISLAND.

2, In October 1944, a series of operational tests was conducted
at the NBEL Chesapeske Bay Annex for the purpose of dectermining the con-
sistency with which a jamming transmitter could be set on frequency.

The transmitters were mounted cn & 100-foot tower on Tilghman Island at
a range of 18,000 yards from the radars at the station. The transmitters
AN/APQ-2 ("Rug") and AN/APT-2 ("Dina") with the ANM-18/APT (" Dina®
Amplifier) were operated against the SC-2 radar (200 Mc). The XBH and
AN/APT-3 ("Mandrel") jemming transmitters, were operated against the cap-
tured Japanese 100-Mc air-search radar (Miark 1, Model 1, Modification 1)s
2-1. Jamming effectiveness was read by means of a pulsed signal
generator at the radar (method described in report of reference (v)).

The signel-generator pulse was attenuated until it was just lost in the
jamming signal. According to the usual procedure at this laboratory the
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strength of this signal relative to the strength of a standard-target
echo, expressed in decibels, was taken as a measure of the jamming ef-
fectiveness, for the tests at 200 Mc. However, as the standard target
was not visible with the Japanese radar, the effectiveness readings in
this case were expressed in decibels with respect to an arbitrary level.
(Since the dial on which the decibel readings were taizen reads negative
values, it should be noted that the smaller the numerical value of an ef-
fectiveness reading, the greater will be the strength of an echo which
can be jammed.)

2-2. . It was proposed to repeat each test a sufficient number of
times to demonstrate the expected deviations from an "on frequency"
adjustment of the jammers. Due to shortage of time, less data was ob-
tained than was degired; however, that which was cbtained -~ recorded
in Table 1 —- shows a surprisingly large spread of jamming-effectiveness
levels.

2-73. The quantity ¢ ! used here is not the conventional "standard
deviation" of statistics, but is defined as

H.
[o")2 = R AW AL
i v
vhere the X,'s are the individual effectiveness readings of the set and
Xpnax is the highest of the readings. The justification for this defini~
tion is that jammer settings which are either too high or too low in
frequency will give only effectiveness resdings which are below optimum.
The set of data thus tends to "fold back over itself" at the optimum
value, presumably clustering about the level X ., rather than about the
average, X. The value of ¢! for 211 the data considered together is

thotal = 8.0 decibels

where
M
[ o']? N [Oiqz
153 ¥

with the ( o )'s as the ( ¢')'s of the individual tests.

2-4, The jamming transmitters were set on frequency in these tests
by means of the APR-1 receiver, both with earphones and with the RDK-1
panoramic adaptor. The signal tc the APR-1 was picked up by an intercept
antenna near the transmitter antenna. The range in values of Jjamming
effectiveness is probebly larger thsn would be expected under ideal
conditions. Some reasons for this are that the RDK-1 was found to be so
poorly aligned during these tests that it was nearly useless, that many

; L
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of the cperators were not well experienced either in the use of the
jammers or with procedure of setting on frequency, and that the jamming
equipment was operated unprotected on a 100-foot tower in cold weather.

2-5. The importance of these results - the "expected" &-db loss -~
lies in the indication of the amcunt of jamming power which may be lost
unless exceeding care is teken by well-trained cperators. A ratio of
10/1 lost in jemming-effectiveness (power ratio - i.e., 10 db) is very
difficult to make up in increased jammer power output., It was because

of the somewhat disturbing results observed in these operational tests --
the wide variation in jamming effectiveness in successive trials under
similar conditions -- that the laboratory study described in the follow-
ing paragraphs was made.

LABORATORY TEST OF SETTING-ON-FREQUENCY METHODE

3. To conduct these tests 2 simulated radar system was set up in
a shielded laboratory room as shown in Plate 1. A pulsed signal generator
was fed through a decoupling network into a receiver whose output could
be viewed on a servo-sccpe. A variable delay control on the signal gen-
erator mede it possible tc set its pulse any place on the sweep of the
scope. Also coupled to the receiver was a line leeding to an adjacent
chislded room which contained the jammer and search receiver for setting
on frequency. The line from the "simulated radar' receiver was coupled
to the jammer output through an attenustor end wes also connected to the
search receiver (while Jjamming effectiveness readings were being taken,
the search receiver was disconnected because of extraneous radiations
which were picked up and fed back to the "radar" receiver).

3-1. After the search receiver had been tuned to the signal-generator
frequency, the jamming transmitter was set on frequency by means of the
RDK-1 or the APA-6. There was little uncertainty in adjusting the jammer
with the RDK-1, because the peak cf the jamming-signal spectrum could be
set exactly on the signal~generator frequency with very little difficulty.
However, when the APA-6 was used, considerable judgment and skill were
required to determine the frequency setting which gave the "best appear-
ing" noise -- i.e., that which resulted in maximum jamming effectivencss.

3-2, Then the jamming trensmitter was set to frequency, the Tef-
fectiveness" was read by turning down the attenuvator on the signal
generator until its "echo" was just lost in the jemming signal, The
decibel reading on the signsl-generstor attenuator at the setting for
which the echc was just lost was taken as the neasure of jemming effective-
ness. This procedure is described more ful.y in the report listed as
reference (b).

Service Equipments Used in Tesbs.

3-3. The transmitters tested against receivers of varicus bandwidths
were the TDY, the "Rug" (APQ-2), the "Dina" (APT-1), and the SPT-6.

- -
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The data were taken by two observers. TWhen their respective results
are the same, the data is presented lumped together; when their results
vary, these are presented separately. The tests included comparison of
jamming effectiveness when the setting-cn-frequency adjustment was made
using the APR-1 with the APA=6, the APR-1 with the RDK-1, and the APR-U
with the APA-b.

Tests with TDY

3-4, The TDY (with the 5J30 tube) was operated against the Model
SA radar receiver (200 Mc) using the APR-4 with the APA-6, the APR-1
with the APA-6, and the APR-1 with the RDK-1l. During the first four
trials testing the APR~1 with the APA-6, the operators had not learned
how to use the APA-6 properly, so these readings are not as good as
would otherwise have been expected. Enough readings were taken to in-
dicate the statistical spread of the settings. o is here the usual
"standard deviation".

02_¥ i T (%_-ff
== N

where N is the number of readings, the Xj are the individual readings,
and X is the average of 211 X;. The data are presented in Table 5.

3~4—1. A "jomming-effectiveness spectrum" of the TDY vs. the SA
receiver was plotted by tuning the SA receiver to various frequencies
about the center of the spectrum and taking effectiveness readings. At
each setting of the SA receiver, the signal generator was re%uned to the
new receiver center frequency. This curve is shown in Plate 2, Figure
2, with the original center frequency (peak of the power spectrum)
indicated by the abscissa zerc. A comparison of the power spectrum as
secn on the RDE-1 and the "jemming-effectiveness spectrum" was made by
tuning the transmitter by incremental steps and taking jemming-effective-
ness readings at each setting. The power spectrum is a free-mend draw-
ing of the spectrum as it appeared on the RDK-1, These two specwra are
represented superimposed in Plate 2, Figure 1.

342, The TDY (with the 5J30 tube) was operated against a special,
variable~bandwidth receiver made at the Labdorztory. The results are
presented in Table 3 for a receiver bandwidth setting of 0.25 Mc. In
Table 4 are the effectiveness comparisons for a bandwidth setting of
1.54 Mc. The frequency was about 210 Mc for these tests.

3-l3, With 2 5J29 tube in the TDY, 2 test was made against the Mark
5 (400-Mc experimental) radar receiver. The data of the two operators
is precented in Table 5. The difference between the readings of the

two operators was probably due to a difference in judgment as to what was
the best setting on the APA-6. It is interesting to note that, whereas
the effectiveness readings are nearly the some for the different methods
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of setting on frequency, that the frequency settings were one-quarter
to one-half megacycle different when the jammer was set to frequency by
the APR-1/APA-6 than when the APR-1/RDK-1 combination was used.

Tests With AN/APQ-2 ("Rug")

3=5. . Employing the three proposed methods of setting a jammer to
frequency, the "Rug" (APQ-2) was opersted against the SA receiver and
against the variable-bandwidth laboratory receiver set at 0.25-Mc band-
width. This data is presented in Tables 6 and 7, regpectively. A con-
siderable number of readings were teken, and the standard deviations
have been calculated (see Table 11) to indicate the rather remarkable
consistency of the readings.

3=5-1, To demonstrate the effect of radar-receiver bandwidth, curves
were plotted giving jemming effectiveness vs. receiver bandwidth. The
jamming effectiveness is plotted in decibels relative to the readings
taken when the jammer was set on frequency by means of the APR-1 eand
APA-6, This gives a direct comparison of the varicus means of setting
on frequency. Bach point is the average of three readings. More read-
ings were not considered necessary because of the consistency of the
data taken., This curve is given in Plate 3. It is apparent that the
APR-1/APA-6 combination is, on the whole, better than the other combina-
tions.

3~5=2. A jamming effectiveness spectrum was plotted using the labora-
tory receiver set at l-Mc bandwidth (Plate 4). The peak of the power
spectrum fell at abscissa zero on the graph, or at the minimum on the
curve. The gain of 16 db by tuning the transmitter to one side of the
radar frequency shows the undependability of the RDK-1 under some con-
ditions.

3-5-3. The particular "Rug" used in these experiments had loading
coils in both the plate and grid lines to reduce its frequency as it was
operating within 10-15 Mc of the lower limit of its tuning range. The
frequency was about 200 Mc during all of the tests involving the " ng".

Tests with AN/APT-1 ("Dina")

3-6. The "Dina" (APT-1) transmitter was operated against the labora-
tory receiver set at a 1-Mc bandwidth. The effectiveness of setting on
by means of both the APA-6 and the RDK-1, with the APR-1, was compared.
No significent difference was noted. This was probably to be expected,
as the "Dina" has no "carrier" and its modulation is about the same at
different parts of its spectrum.

Tests with AN/SPT-6.

3-7. Te SPT-6 was operated against the Mark 5 receiver (bandwidth
1.7 Mc) and ageinst an APR-1 receiver (bandwidth 1 Mc). There wes very
little difference in the jemming levels for the various methods of set-
ting on frequency. The data zre shown in Table 8.

lapgzy )
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AJSNIFICANCE OF THE DATA

L. At the outset it was stated that one could not be assured of
finding cne method of setting on frequency which would under all con-
ditions be superior to the others. This indeed appears to be the case,
for the results do not seem to be entirely consistent. 1In addition to
the variable factors mentioned ot the beginning, the training of the
operator appears to be important as well as the emount of care exers
cised in setting on frequency. It is felt, however, that several cocn-
clusions can be drawn which will be of importance in developing spot-
Jjamming techniques.

i, T™he much greater consistency with which the transmitter could
be set to frequency in the laboratory than during the operational tests
described in paragraph 2 indicates the advantage of using a panoramic
adaptor and/or pulse analyzer in good operating ccndition-~this is exceed-
ingly important, for a large proportion of RDK-1l's are so poorly aligned
as to be nearly valueless. (It -is hoped that pancramic adaptors recently
made available--Model RDP—-will prove more satisfactory.) The value of

o for 156 of the readings taken in the laboratory was only 1.5 db

(see Table 12), which indicates good ccnsistency in setting on frequency.
Such dependability should be important from an operational standpcint.

L2, The overall comparison of the methods considered for setting
on frequency csn best be obtained from the tabulated averages. In
Tables §, 10 and 11 these are given with corresponding values of o

for the IDY, Rug, and SPT-6 respectively. These are computed for the
tests against individual receivers and are totalled to give the average
for each jamming trensmitter. In Table 12 are the average for all tests
of each means of setting on frequency.

42.1, An exsmination on Tables 9 and 10 indicates that the APR-U4f
APA-6, with the APR-U4 set for "narrow band" operation is probably some-
what preferable when the jemming transmitter is operated against a
narrow-bend radar receiver, whereas the APR-1/APA-6 is probably better
for operating against a wide-band recciver. These relative advantiages
are not of a very large order of magnitude. The overall average shows
an adventage of 1.7 db in favor of the APR-1, however.

2.2, A more definite snswer is given in the ecomparison between the
APA-6 2nd the RDK-1. In almost no cases was the jamming more effective
when adjusted by means of the RDK-1 than when adjusted by means of the
APA-6; however, for certain conditions the results obtained using the
RDK-1 were equal to those with the APA-6. But under some conditions
definitely better results were obtained with the APA~6 than with the
RDK-1. An examination of the individual readings in Tables 2 to 8,
inclusive, shows the difficulty of predicting under what conditions the
APA~6 will be appreciably more effective. Such things as small changes
in transmitter loading, which distort the cutput spectrum, are likely
to make changes in the janming effectiveness of the signal. However,
the 5.7-db advantage in favor of the APA-6 over the RDK-1 shown in

S -
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Table 12 for the 91 and 8Y readings considered indicates a significant
advantace in the use of the APA-6.

u—2_3. The standard deviation is greatest with the use of the APR-1/
APA-6 combination., This is probably due to the facts (a) that the peak
of the power spectrum can be set very consistently to the radar fre-
quency with the EDK-1 and (b) that because of the narrower bandwidth

of the APR-Y4, the transmitter frequency will be more consistently set
to the same value with the APR-U/APA-6 than with the APR-1/APA-6. In
view of these facts, the greater effectiveness cf the APR-1 with the
APA-6 seems 2 bit surprising until we analyze the nature of the jamming
signal in tems of its ability to obscure an echo. It appears that
there is very little correlation between the jamming-effectiveness
spectrum and the power spectrum of a jamming transmitter. The use of
the panoramic adaptor results in setting the maximum-power portion of
the jamming signal on the radar frequency, whereas it is possible with
the pulse analyzer to set the maximum-jamming-effectiveness portion of
the spectrum "on" the radar frequency. (See Plate 2.)

4—3. The reason for the lack of correlation between the power and
jamming-eéffectiveness spectra seems to be due to the nature of the noise
output of the jemming transmitters in use. To obtain high sideband
energy in the transmitter output the modulation is not true noise, but
is clipped tc form randomly occurring pulses of random widths. Clip-
ping, however, greatly reduces the effectiveness of the ncise for ob-
scuring an echo. The term "screening ratio" is used to indicate the ratio
of r-f power in the jamming signal to peak power in an echo that is
considered to be just obscured by the jamming signal. Measurements of
the screening ratic indicates thst the receivers of bandwidth comparable
to the bandwidth of the jamming signesl, values as high as 100/1 will be
had for extremely clipped noise, whereas the value is about 1/1 for
unclipped noise if the power of the cw carrier is subtracted from the
total jammer power output, If, however, the bandwidth of the receiver
being jammed is much narrower than the bandwidth of the jamming signal,
the statisticml distribution of the clipped noise after passage through
the receiver i.f., approaches that of unclipped noise, (i.e., a ncrmal
distribution — see reference (d)). In this case the screening ratio

is ggain unity, if only the jemming signal power in the radar receiver
channel is ccnsidered. (A report on an investigation of the screening
ratio as & funection of clipping level and radar receiver bandwidth is in
the process of preparation et this Laboratery - reference (c)).

4—3—1. In many cases for the tests under consideration, when the radar
receiver wae tuned to the center frequency of the jamming signal, the
noise appeared on the scope to be very derse, having a definite line of
clipping on both the top and bottom. A weak echo could be secn "riding
on top" of the noise. However, when the receiver was tuned to one side
of the center frequency (as seen on the panoramic adaptor) the noise
appeared much less dense, having gaps in it and being considerably less
definitely clipped. The echo was thus lost "down within the noise"

AgT =
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instead of remaining visible above the clipping level. Plate 2 shows
jamming—effectiveness Spectra plotted about the center frequency indi-
cated by the RDK-1, ang also a comparison of: (2) an effectiveness
spectrum and (b) voeltage spectrum as seen on the RDK-1,

oz On the basis of the above srgument, one would expect the jam-
ning effectiveness to be best when the Jamming transmitter is get on
frequency wita & receiver whose bandwidth is the same as that of the
radar receiver being Jammed (if the APA-6 ig used). This assumes, of
course, that she receiver being used to set the jammer on frequency can
be accurately tuned to the radar frequency itself. The results of the
tests indicate that this is the case, but that the Proper receiver band-
width is not so important as is the advantage of the APA-6 (op any other
equipment giving a similar presentation) over the RDX-1,

ADVANTAGE OF " LOOK-THROUGH! RECTIVERS

K. An attempt was made fo evaluate the advantagze of being able to
"look through" the Janming signal so as to he able to observe both the
Jamming and ths eche simultaneously on the APA-§ and RDK-1. No increase
in jamming effsctiveness was obscrved, but "setting on" with the RDK-1
vas somewhat simpler when the radar signal appeared simultaneocusly with
the jamming, it is believed that there would have been considerable
advantage in being able to see the radar pip and the Jamming simultan-
eously on the IPA-6 if it had not been for the fact that the input to the
receiver from ¢xt raneous radiation (when the Jamming signal into the

amount, VWith better shielding of the receiver the advantage of being
able to look through the Jamming signal woulg Probably be demonstrable.
Further work on this subject is being done in connection with another
Project at this laboratory.

CONCLUSIONS
DV

6. Neither the APR-1 nor the APR—#—can, in general, be censidered
better than the cther ag g receiver for setting a jammer on frequency.
If most of the Iadar receivers against which it is Planned to operate
have less than 0.5 o 0.75-Mc bandwidth, the APR-L will probably be
most satisfactory. It ig a far more important consideration that the
APA-6 (or similar equipment) be used instesd of the RDK-1 or other
Danoramic adaptor for final adjustments. However, the adjustment to
frequency can be dene with considerably more ease and in much less time
with the RDK-1 (or equivalent) which sugiests the 2dventage of making a
Preliminary setting with the RDK-1 and then making improvements in the
setting as indicated by the APA-6 Presentation, :

Gl In general, the RDK, RDK-1, sng RIP panoramic adaptors have
widely varying gedin for different frequencies within their sweep widths.

Slaay ~a
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As this means that the spectrum received will probdably be badly distorted,
care must be taken to use only the portion of the aweep at which the

gain varies l:ast with signal frequency. Thus the panoramic adaptor is
used for setting on frequency, the radar signal should be set so that it
appears in this "best" portion of the sweep, and then the transmitter
should be adjisted until its spectrum appears at the same place on the
Panoramic adaptor.

6-2. The operational tests indicated that trained operators and
some method of viewing the jamming signal on a scope are necessary for
dependable performance. Lacking these, the jamming effectiveness can be
expected to bz as much as 20 db below optimum on some occasions (as
observed during the operational tests. See Table 1).

RECOMMENDATICHS.

p &5 The recommended procedure for setting a radar "spot jammer"
on frequency is to employ both panoramic adaptor and a pulse analyzer
with the radszr—intercept receiver. The transmitter should first be set
to frequency using the panoramic adaptor, as this results in easiest and
quickest adjustment. Then, if any further adjustment gives better
eppearing "grass" on the scope of the pulse analyzer, this latter set—
ting should te used. Experience will indicate what is the best appear-
ing "grass". This is decidedly not the "most dense" noise, but rather
the signal wtich has the greatest amplitude and which seems %o be least
clipped. It is suggested that the RCM training courses teach operatoers
to recognize the most effective types of noise signals.

Sigit -t
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TABLE 1
JAMMING EIFECTIVENESS LEVELS MEASURED DURING AN OPERATIONAL TEST

Jamming Effectiveness Level in Db
With Respect to an Arbitrary Zero Level

Radar Sysiem ' 200 Me : 100 Me
Jammed.: J SC-2-Fadar i Japanese: Radar
Jamming Transmitter t !
Employe : : " Bug" "Dina XBH | Mandrel
=35 -2l P 3 -59
1 I
Individual : -34.5 - L -39 -60.5
Readings: i ; i
! -32 ! "'14‘3 {§ -5 "'52
o ] o el
, a6 | | S | e
| | |
e " iy
~32 1 L 50 A7
| !
: i
| o
]f ¢ -6
i i §
| i. b k6
: f :
': : ; iy
i | | U6
: |
Value of o' ! ! ! l
expressed i db: : 3 . 12.1 _- ]’.515 9.7
L3 » NI

Overall value of o' = 8.0 db
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TABLE 2

TDY Transmitter Operated Against SA Receiver
(.9 Mc bandwidth) at 190 Mc

Equipment us:d to 3 " :
set on frequ:ncy! ! APR-1/APA-6 !. APR-1/RDK-1 | APR-4/APA-6

Individual ¥ 'fective- | w21, 22 | 22
ness reading; expressed | ;
in db relatire to an ~20 ~21 i -2l
arbitrary lerel: :
. ; 22 -20 ; -23
j i
: ~20 2D | -21
¢ I
I ~18 * 23 ,' -2l
i i
~16 =21 ; -23
i
. 16 -22 =20
_!
% oy 1 ~19
3
!
Average levels for
each column! : ~18.4 ~21.4 ; -22

g 2
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TABLE 3

£DY Operated Against Laboratory Receiver Set
at ¥ Mc Bandwidth ~ 200 Mc

i b
Equipment us d to ; ' ;
set on frequ ncy: . APR-1/APA-6 | APR-1/RDK-1 ; APR-U/APA-6 |
Individual e: fect— | ~25 | -2k -2l | Test
iveness read: ngs { ; il
expressed in db ~23 ! ~23 -22
— | —21- —22
o } -4 ~37 .l'Test
| 2
~37 ! -k -36
‘ 37 i ~36 I -38
4 [}
425 ; «28 ~22 { Test
| 3
‘,- -21 ~30 -22 ;
-30 -28 -22
i ! !
E 22 | "
{ |
f 3
i 1
; ~38 | =33 =55 Test
5 | N
i 0l Sl [ 1
|
43 ; ~35 | ~36 ;
! ! i
. ! |
Average Leve! s: ,- -31.2 «3,5 | -29.4 i

i

Reading: of the various tests above are with respect to different
zero levels, so cannot be directly compared.

- SR e
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IDY Operated Against Laboratory Receiver Set
at 1.54 Mc Bandwidth — 200 Me .

Equipment used to set

on frequeng] ! APR-1/LPA-6 APR-1/RDE-1 : APR-U/APA-6
Individual efFective- -30 ; ~30 | =32
ness readings expressed | | !
in db with respect to | -28 | ~31 ?. ~53
an arbitrary level. i : |
. -26 t ~31 E -29
f ¥
LN S |
_2g ! !
] H
Average levels: i ~27.6 }' ~30.3 . wite J
TABLE 5

TDY Ope:ated Against Mark 5 Receiver (1.7 Mc Bandwidth) 400 Mc

Equipment us¢d to set

APR-1/RDK-1 APR-L/APA-6

on frequenc; APR-1/APA-6 .
1
22 ‘ ~ol -26 Operator
f : | 7l
—a2 !: -25 : -27
: -21 i -25 ~26
' l ;
; -26 i w2 5 -2 Operator
| 26 !' 23 ’ -25
2% -25 ' -2k
!
Average for (perator #l J -21.7 =2l 7 -26.3
Averege for ( perator 72 -25.0 1 -24.0 ! -2k.7
diiiady e
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TABLE 6
"Rug" Operated Against SA Receiver
(.9 Mc Bandwidth) at 190 Mc
Equipment Usec to r |
set on frequeacy: | APR-1/APL-6 APR-1/RDK-1 . APR-U/ APA-6
|
Individual Effecetive- | =27 -31 ~26
ness levels e:pressed |
in db with respect to | -2l ~33 23
an srbitrery :ero i ;
leve : : ~26 ~29 : -2l
l :
' -26 -33 | -2l
1
~-26 -32 :' ~26
l
{ -26 | 31 1 23
23 ~34 | -26
| !
-26 : ~36 : —26
.l i -'
i =0 ' -3 : 2l
) | H
Average level : ! w25, T -32.3 ~24.7
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"Rug" Operated Against Laboratory Receiver Set

at & Mc Bandwidth ~ 200 Mc

Equipment Us d to

|

set on freq ency: . APR-1/APA-6 APR-1/RDK-1 | APR-U/APA-6
sl i
Individual e fective~ <52 -4o | |28
ness levels xpressed |
in db with r spect to -30 -39 ' ~31
an arbitrary zero | .
level: ' ~34 7o) [ 28
~34 L =39 L -n
~3k4 4o b3
|
J -35 ~ko | =R
1 |
; =35 | 36 | -3
| = -
? i '
i ~32 | -35 -31
,. | ,
| ; :
Average leve s: ' SEEE | -38.4 SR -
ey i
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TABLE 8
SPT-6 Operated igainst Mk 5 Receiver
(1.7 Mc Bandwidth) at 40O Me
— : — : —_—
Equipment usid to set on ‘ '
frequ incy: APR-1/APA-6 | APR«1/RDK-1

Individual e ‘fectiveness I ~-19 : -7
readings exp ressed in db: : '

~15 ; ~19

~16 ; ~17

-15

B t

Average leve .s: i -16.2 i o

TABLE 9

SP -6 Operated Against an APR-1 Receiver at 40O Mc

i
Equipment Us:d to i
set on freqiency! | APR-1/4PA~6 APR-1/RDK-1 APR-U/ APA-©
%
Individual elfective- | -18 ~19 -15
ness readingi expressed '
in dbs [ -16 -18 -18
|
~19 -18 -19
| \ {
| -18 |
: |
;
| 1
Average level.s? i ~17.1 : -18,0 ~17.3

g . ~17-

e g
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PERFORMANCE COMPARISON OF SEVERAL INTERCEPT-RECEIVER AND
INDICATOR COMBINATIONS FOR SETTING ON FREQUENCY

Jamming Effectiveness in Db Relative to

APR-1/APA-6 Settings, vs. Radar-Receiver Bandwidth

ic
¢ s EJI—— JLL.;; EEEEEEE
imE! " IIA _'I --# 1
@ aEREEE - 1
~ T T mEm BN’
- : : :
Fel g T 1 ! .
-:; . __' i inaE
f % o
$52egasaatas 5 78]
-2l - _;:
«183 264 « 547 2994 1,51

Receiver Bandwidth (Megacycles)

. —  Jammer set to fregquency by means of APR=4 /APA=6
- —— Jammer set to frequency by means of APR~1/RDK-1
A Operator = #1
B Operator #2
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« amming-Effectiveness Spectrum of "Rug" Operated At 200 Mc

Against Laboratory BReceiver Set At 1-Mc Bandwidth

B

-3 -2 -1 (0] 1

Deviation (Megacycles)
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