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1, AUTHORIZATION FOR TEST.

1-1. This problem was authorized by the Bureau of Ships letter
of reference (a). Additional references pertinent to this problem are
listed as references (b) through (d).

Reference (a) BuShips letter C-S67-5(920-Df), (~920-5810 to
NBL dated 15 February 1944.
(b) MRL letter C~S67-5 to BuShips dated 17 February
194l Assigning Problem S623T-C.
>(c) NRL Report R-2232, dated 1& February 1944 on
"Radar Cross Section of Ship Targets, II",
(d) MRL letter C-S567-5/RCH(375:LWB) to BuShips
dated 27 April 1 on "Radar Countermeasures —
Ambiguity in the Measurement of Carrier Freguency
on the AN/APR-1 Receiver'.

25 OBJECT OF TESTS.

2=1l, The object of the electrical tests was to determine vhat
changes would be required to make the equipment perform satisfactorily, and
it was requested in the letter of reference (a) that this be done "without
naking any substantial changes that would require other components or a
major inecrease in the work of moduction", since the equipments were in an
advanced stage of production at the time thc problem was assigned, and
shipnent of completed equipments to operational areas was desired by 28
February.

2=2, The objeect of the operational tests was to determine, as
quantitatively as possible, the cffectiveness of the equipnent azainst
reprosentative types of radar equipment, after necessary changes had been
incorporated in the CXFR.

3y ABSTRACT.

The first CXFR unit recoived at this laboratory was operation-
ally tested on 11 February 1944 aboard the U.S.S. Quiney (CA), using radar
cquipnent at the Naval Resecarch Laboratory Chesapeake Bay Annex. Poor
perfornance on these tests resulted in the further tests requested by the
letter of reference (a), and this CXFR unit was set up for thesc tests in
the laboratory, Subsequently, three morc CXFR cquipmonts were received at
the loboratory, the last two containing modifications which had been in-
corporated as a result of the tests at this laboratory. One of these modi-
fied models was operationally tested under several different conditions and
against various radar equipments at the Chesspeake Bay Annex, with compar-
atively satisfactory results. A unit of the model CXFR-1 (airborne) cquip—~
nent wos also tested in the laboratory. During the oporational tests of
CXFR, the Radio Roscarch Laboratory's cxperimental nodel nagnetron jamner
(similar to CXFR) and the type AN/APT-2 ("Carpot") jamming transmitter
wverc tested for the purposc of comparing their perfomance with that of
the CIFR,

e
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3=l, Conclusions.

3=1=1, Thc CXFR cquipment as rcprescnted by the first
twro units received at this laborantory was unsatisfactory. The radar jom-
ning performance was ineffective because of the presence of nen—random
modulation components (pulses, ctc.).

3=1~2. The desired random noise modulntion of the CXFR
cutput wos not obtained becausc of improper wiring arrangcment in the mod-
ulator unit, insufficient shiclding of the low level video stages in the
nodulator, ond insufficient r~f and vidco filtering of the power lcads
cutering the modulator unit and intcrcomneccting the videe amplifier stagess

3~1=3., With the additional shiclding, re-wiring, and
lead=filtering incorporated in the nodulator te climinatc the undesirable
nodulation components, the performance of the CXFR is comparatively satis-
factory, It equals the performance of the Radic Rescarch Laboratory nmagne-
tron jemmer (cxperimental model), and provides approximately 8 db greater
effective jarming power per channel ghaon the AN/APT-2, (Thc modulation
bondwidth of the CXFR is greater than that of the AN/APD-2),

3-1-4, The CXFR cquipnent is not capable of protccting
large ships in to very close ranges (say, less than 5,000 yards) aganinst
rader cquipnent of high performonce charancteristics (equivalent to, say,

U.S. Novy Mork L), The CXFR docs rcpresent, however, o considerable improve-
nent in both simplicity of adjustment and in power output level over any
other cguipnent currently available for operation in the same freguency
rangce 1t also covers a nuch greater fregquency range thon other available

jomniors.

3-1-H5. It is possible to tunc the CXFR to the frequency
of o radar signal rceceived on the APR-1 receiver, ot ranges rcprescntative
of operational conditions. The type APA-G pulsc analyzer is an cffective
accessory to the APR-1 for both setting the CXFR on frequency and for deter—
nining that the nodulation is of the proper character. The type RDK Ponor-
anie Adoptor is of sonmc help in setting the APR-1 "on froquency'. Sone
experience is recquired, however, in order to moke certain that the CXFR
is sctually tuncd to the proper frequency and not to onc of scveral "spurious
response® frequencics vhich may be obtained with the APR-1.

3-1<6, The power output of the CXFR varics over the fre-
guency range, and is only 50 to 7O percent of the volues of ew power output
of the type ZP-579 tubec reported by other laboratories during the develop—
riental wrork on the oseillntor,.

3-1=7. The lifec of the ZP-579 mognetrons during tho tests
was comparatively short, usually being less than 5 or 6 hours. This nay be
in part due to obnermel stresses incurred during cxperinental adjustments.
The data on tube lifc obtained during the tests is insufficiont to warrant
o. dofinite conclusion, Howover, it is belicved that the majority of fail-
urcs, vhich tako tho form of eracke in the glass at the bdase (botwoen the
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clectrode pins), arc caused by cxcessive heating duc to r-f losses in the

slnssés This is, in port, duc to insufficient cooling by the airbvlast from
the blower, cither because of improper placcment of the slot through vhich
the air blast onters the tube chamber, or becousc the blower is too small.

3-1~8. Various mcchanical fecaturcs of the cquipment are
unsatisfactory, though not of such naturc as $o causc complete failure of
the cquipment. These featurcs arc described in the body of this report in
paragroph 6114,

fy—

3~2. Recomnendations.

3-2-1. A further study of this type tronsmitter should
be nade to determinec:

(a) Possiblc ndditional improvement in the modulator,
since the modulation of thée oscillator is still
somewvhat eritical as to loading, frequency, condition
of magnetron, ectc.

(b) The optirum bondiidth of modulation to be used.
Since this is cssentinlly o spot jammer, power in
side bands beyeond about 1 lic may very likely be
wasted. The mininmum bandwidth, which will permit
the operator to set frequency accurately and effect-
ively, should be used.

(¢) The reason for the low r-f power output. The output
fron the CXFR obtained at this laboratory was about
one=half that repcrted by other laoboratorics during
developniental work on this tronsnmitter.

(d) The reoson for the short life of the type ZP=579
nagnetron tube.

%-2-2. The CXFR could be monitored and sct on frequency
with the AN/APR-1 recciver, but this procedurc is greatly facilitated by
using the AN/APA-6 pulse analyzer and the RDK penoranic adaptor with the
APR-1. It is rccomnended that, where possible, the APA-6 and RDK be pro-
vided.

3-2-3. During the progress of tho work om this problen,
recommendotions for changes hove been made. In most instances action was
taken by the Burcau of Ships to have the manufacturer nake corrections in
the preduction nodels. The following items werc hondled in this manner:

(a) A 1000 ohn . resistor was placed across the peaking
coil in the plate of the third anplificr stage to
flatten the rosponsc curve.

(v) Powor for thc screens of the 813 tubes was obtained’
fronm the anplificor supply rather than the 813 plate
supply. (This was incorporatcd in the roviscd models).

] 2ar i
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(¢) The negotive d-c voltage to the magnetron was re-
routed to aveid passage through the modulator.

(a) A shicld was placod over the entire bottom of the
nodulator chassis, and the shields of individual
stoses were extruded so they could be fastened to
tho bottom plate. (The first half was incorporatod).

(¢) A1l possible wiring in the modulator was routed through
a channel outside, and by-passcd upon cntry to chassis.
(Donc to scme extent on production models).

(£) Tho modulator unit, cxcluding the 813 tubos and their
output circuit, was shielded from the oscillator.
(Done in rovised model).

(g) The antonna radiation meter was changed to a 0=3
millianeter.

(h) All lugs were soldered.

(i) The chokes in the cathode of the ZP-579 were changod.

(j) The air slot magnetron cooling was repositioned to
afford morc effcctive coolings (This was included in

the reviscd models).

B DESCRIPTION OF CXFR TRANSMITTER.

The nominal characteoristics of tho equipment are as follows:

*(a) Frequency ronge: - 350-800 Mc.
(b) Power Output: - 150 watts.
(¢) MoBulation: ~ Random noisc.
(d) todulation bandwidth: 5 Me.

(*750 Me is probably a better figure for the upper frequency limit of the
CXFR; this varies from tube to tube, but has ncver been found higher than

750 Me.)

L.1, Thc CXFR transmitter unit is shown in the photograph of
Platc 1l The oscillator and modulator units, which may be pulled forvard
out of the nain unit, arc shown in Plates 2 and 3. The shield cover has
been removed from the oscillator. By removing the r—-f cutput line connce-
tion from the top poncl, the hoses carrying the masznotron cooling liquid,
and the five large thumb screws in the front, the cntire oscillator-
nodulator shelf may be pulled out for inspection.

L.2, The powrer supplies and control circuits (not showm in
photogrophs) occupy the space below the oscillator and modulator. The high
voltoge rectifior supplics the power for the oscillator and nodulator, while
o lower veltage supply provides voltoge for the neisc generator and video
onplificrs.

e -
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Y-3. The noisc generntor consists of a 931-A pheto-multiplier
tube excited by o low yoltasc lampe. The video amplificr consists of threc
broad band stages using 6ACT tubes, followed by an 807 driver stage. The
807 stoge drives the medulators, two 813 tubes in parallcel.

YU, The oscillator, a type ZP-579 nagnetron, is opcrated with
the anode and r-f circuit at d-c ground potential. A4 single control, oper—
ating a sliding shorting bar on a balanced Lecher linec, tunes the oscillator,
and o second control, whieh can be optionally coupled to the tuning control
or opecrated independently, varies the position of the output line coupling
tap on the tuning frame. Theo magnetron filament is heated by a special
lov—capacity transfermer; the ncdulation lead fronm the 8l3 plate circuit
is conneccted, through » d-c¢ blocking condenser, to onc side of the magnetron
filamonta

L_5, Pancl controls are provided for tuning and coupling, cxe-
citer lomp intensity, nagnetron filament voltopge, modulator filament voltage,
and plate veltage (magnetron and modulator). Meters are provided for magne-
tron filanment veltage and current, medulator filament veltoge, modulator
grid and cathode current, modulsator plate voltage, antenna radiation, and
for the rate of flow of the magnetron anode cooling liquid (Prestone). The
antenna radiation meter is encrgized by a diode pick-up unit mounted near
the zntenno.

U-5. The typcs of antonnas available for usc with the CXFR
arc shoun in Plates 4 and 5. The broad band type showm in Plate L is the
one originally planncd for use with the CXFR, and con be uscd over the en—
tire range of the oseillator. Over this ronge the transmission linc stend-
ing wave ratio docs not execed 2:1, and the rafdistion paticrn shifts only
slightly. The dircction of naximum radiation is approximately perpendicu-
lar to the axis of thc cenes, varying semevhat over the frequency rangce

U4-7. The antonnas shovm in Plate 5 together cover the CXFR
frequency ranse; the CAXZ-66AHM unit (right) covers the lower part of the
ronge, and the CAKZ-66AHN (left) covers the upper part, with some overlaps
These antennas have sone dircetivity, and o power gain of approximately 3
db over the brosd band antenna of Plate 4. The dizcetion of moximun radio-
tion is perpendicular to the radiators, and away from the reflectors. The
antcnnas arc all made for use with RG-17/U solid diclcetric coaxial cnbles

5. METHOD OF TEST.

5-1. The prelininary tests of the CXFR wore made in the lab-
oratory, using o wnter—coolcd resistor type of dumny load for necasurcnont
of tronsnitter power and loboratory cscilloscopes for obsecrvation of the
charactcr of thc modulction.

5~2. The opcrational tests of the GXFR werc nade at the Chesa~
peake Bay Anncx of the loboratory, where the CXFR was installed aboard both
10 laborntory patrol boat Navajo (YP-564) and such worships as happened
to be avpilable for this purposc during the period over which tests wore
conducted. The CXFR was then operated against theose radar cquipments at
the Annex wvhich operate within its frequency range.

FL 4 DECLASSIFIED
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h-2-1. The tests of jamming performance werc nade using
a sonewhat unique method, which gives results of a quantitative naturc.
This nethod involves the usc of a pulsed ultra high froguency signal gen=
crotor in conjunction with the radar c¢gquipment. The output of this gencro-
tor is fed into the recciver input line, through a dccoupling resistor,
along with radar ccho signals from the antenna. The generator has pancl
controls for adjusting the pulsc length, synchronizing with the radar pulsc
rcpetition rate, and adjusting the pulsc "delay" (or time phasc relation to
the rodor transmittor pulsc). The generator pulse may thus be made to
appear at ony desired "range" on the radar indicator and will thus appear
as an "artificial ccho'.

5=2-2., The amplitude of the artificial ccho pulsc from
the gencerator is contrellcd by a calibrated precision attenuator in the r-f
output linc. The attenuntor calibration is in decibels. Measurcments of
ccho strength arce made by placing the artificial echo alongside the echo
to be nmeasurcd, and adjusting the height of the former, using the attenuator,
to natch that of the latter. The differcnce in attenuator readings thus
obtained on different target echoes gives quantitatively the reclative strength
pf the sisnals, cxpresscd in decibels.

5=2-3. To allow measurements by this mecthod on an
"absclute" basis, several "stondard redar targets™ have been set up at
convenient locations on the bay; thesc targets have known reflecting arcas
and arc at known heights obove the water. Absclute messurcmonts of the
reflecting arco of any target may be made by measuring its strength, using
the signel generator as described above, rclative to the strength of o
stondard tarzet. Measurcments of this kind have been made on various
types of U.S. Navy vessels, as described in Naval Resecarch Laboratory rc-
port of rcfercnce (cle

5—2—4. The nmeasurcments of jamming transmititer performance
were nade by pointing the radar sntonna at the boat or ship carrying the
Joamner, ond simultancously feeding an artificial ccho inte the radar re-
ceiver as deseribed in paragrsph H=2-1. The amplitude of the artificial
ccho was then adjusted to the level just below that at which the ccho was
barcly detcctablc through the jomning signal. The attenuater reading and
the ronge of the boat carrying the jomner werc recorded for this condition.
The attonuator setting thus obteaincd was compared with that which gave a
siganl cqual to that from the standard torget. These meassurcments were
nade for various ranges of the jommer, so that a curve of "jammed ocho'
strongth (db above or below standard tarpet) as a function of range could
be plotted. Plotting such a curve for dach of sceveral jerming tronsnmitters
allovus cemparison of theoir relative cfchtivcncss. Furthermore, hen
similar curves of ccho strength of voricus types of ships ns a function of
range arc plotted to the sanc scale, it |is found that thoy intersect the
Jjonming curves, The range at vhich thc|curvcs interscct is the range
beyond which the jommer would sclf-scrcen the given type of ship ogninst the
given type of radar cquipnent, for the particular radar and jammer anteonna
heights used. It is, further, possible tc nake corrcctions to the curves
to obtain information for cther porticular conditions of radar or jammer
performance (power, antenna height, cte.)e It is thercfore considered that

R -
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this mothed of operational testing represents a notoble advance in radar
counterneasures engincering which will allow accurate cvaluation of jamming
tronsmitter performances Such evaluation will both allow setting up design
requirenents for jomming transmitters to nmecet given perfomance requirc—
nents, and provide data of value in tactical employment of cxisting trans-
nitters.

6. RESULTS QF TESTS.

The results of the CXFR tests arc scparable into (a) the results
of the olectrical tests in the laboratory, and (b) the operational tests at
the Chesapeake Bay Anncx.

6~1. Laboratory Tests:: The prinmary purposc of the CXFR tosts,
as sct forth in the Burcau of Ships letter of reference (a), was the deter-
nination of vhat changes were necessary in the original CXFR design in order
to make it operate satisfactorily "without making any substantial changses
that would require other components or a major increase in the work of
production". The nced for this work arosc from the "defective operation as
found in an operational test conducted on 11 February 19“4” at the Navol
Rescarch Laboratory Chesapeake Bay Annex.

6=1~1, The fact that the defective operation described
above was prinarily due to improper modulation of the signal was determined
alnost immediately, and the work centered on the problem of remedying this
condition. The appearancc of the detected signal on a cathode ray oscillos-
copc or radar indientor was not that of "random noisc". Althouzh there
was o consgiderable noisc compenent to the modulation, there were also pulscs
and sine wave components vhich were duc to oscillation of the modulator video
arplifier and motor~boating or pulsing of the oscillators The extent and
type of thesc undesirable modulation components were dependent on the adjust-
nment of the osecillator output coupling and on the frequency of operation;
better operation wns obtainable in some parts of the frequency band than
in octhers.

6-1-2. Inspection of the modulator indiecated that the
wiring, shielding, and intorstage deeoupling did not mect the requircments
for stable high-gain video amplificr operation. As a first step, thero-
fore, the modulator was re-wired. Power leads common te two or more stoges
werce routed through a shiclded channcl along the side of the chassis and
filter condensers of the "feed-through" type were used wherever such loads
entored the chassis. A copper baffle shield was placed on the side of tho
chassis toward the oscillator. This cxtonded along the ontire length of
the modulator, and was as high as the top of the 813 tubc cnvelopes. These
changes resulted in some improvemcnt, but did not conpletely stop the
oscillation.

6~1-3, Extonsion power cables were maode to allow opera-
tion of the modulator on o bench ncar the transmitter. Experinents with
additional shieclding indicated that the remaining cause of oscillation was
r-f pickeup by the low level video stozese The oseillation was at o foirly
high frequency, in the ncighborheod of 5 megacycles. This frequency was

L 4
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probably duc to resonance of the video responsc compensating circuits.
However, demping of thesc circuits with resistors failed to provide a curc.

6-1-4. A sccond major revision of the modulator was next
made, using the medulator of another CXFR unit; a sceond unit had been
shipped to the laboratory by the manufacturer, at the request of the Burcau
of Ships, in order to cxpedite the laboratory's investigation. This mod=
ulator was even more completely re-wired than the one first revised, ine
cluding decoupling resistors in the first three stages, and a completely
cnclosing shield cover was placed over the modulator stages preceding the
807 driver stoge. In addition, shield plates were placed under the chassis
and between the front pancl and the phototube. Interstage shicld partitions
under the chassis werc fitted with tapped bent-over cdges for screw con-
nection with the bottom cover and were re~positioned in the first two
stages to fall across the tube sockets, providing tight interstagze shicld-
ing between the low level GACT amplificrs.

6-1-5. Uith this sccond revised modulator, stablc opore
ation was obtainecd, insofar as abscnce of cseillation in the modulator was
concerned. Pulsing or motor-boating of the oseillator still occurred under
somc conditions of adjustment, but it was possible to securc fairly proper
modulation over most of the frequency range with carcful adjustment.

6~1-6. Under somec conditions, it was found that scverc
nodulation of the output at a 60 or 120 cycle rate occurrcd. This was not
dirccetly apporent on o radar indieator, but was observed when the output
of the transmittor was dotccted by a diode and the resultant signal applied
to the vertical deflecting plates of an ordinery oscilloscope, with the
horizontal sweep genecrator synchronized to operate at a sub-multiple of 60
eyclese The signal was thus observed to be severely moduloted at 60 or 120
cycles, ond under some conditions to be completely intorrupted at the same
rate, resulting in a sort of squarc-wave onvelope, with noise medulation
during the oscillating periods. It was deduccd that this effcet was coused
by the action of the magnctic ficld sct up in the magnetron by the hoavy fil-
ament current (40 QMPCTES TelleSe, H0 cycle ae.ce)s The flux density result-
ing from this currcnt is apparently sufficiently great, comparcd with the
flux density of the permonont nagnet, te adverscly affcct the magnctron
operation during the peak anplitude porticns of the filament currcnt cyclcs
It was reealled that this phenomenon was known by carly workers in the
developnent of magnetrons. The view that this cxplanation of the obscrved
behavior is correct was strongthened by the obscrvation that the offeet
was dininished by reducing the magnetron filament current to 60 or 70
percent of the normal voluce Fairly good power output could be obtained
with this reduced filament currcnt by inercasing the magnetron ancde vol-
tage to bring the anode current up to about nowmal operating valuc; this
resulted in added "back heating" of the eathode by clectron bonmbardnent,
raising its temperaturc to compensate for the reduced filament currcent.
This procedurc cannot bo carried too far, however, without reaching on
unsfoble cendition such that the tubec refuscs to oscillate.

6-1-T. The offcet described sbove was morc scverc with
sore tubes thon with others, and usually oceurred at cither the hizh or

DB g g5
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low cnd of the frogquency range. It is likely that the effcet occurs, theoro-
fore, under conditions such that thc magnetron is not a strong oscillator.
The occurrence of this modulation or interruption of oseill-otion somctimes
at a 60 cycle ratc and somctimes at 120 cycles is thought to be dependent

on whether or not the axis of the magnetron is perfeetly parallcl to the
magnet ficld, thus making the cffcet of the filament current flux on both
halves of the cycle symmetrical with respeet to the magnet flux, or slightly
tilted, so that the cffeccts on alternate halves of the eycle arc unsym-—
metricals The former condition would result in 120 cycle modulation, while
the latter would result in a combination of 60 and 120 cyclec modulation.

6-1-8. In addition to the above cffecct, some motor—
boating or "quenching" of the oscillation at o frequency higher than 120
cycles (but not at supcr-audible frequency) was obsérved under some econdi—
tionss This condition could always be made to occur by rcducing the noise
cxcitation of the 813 modulators. This is possibly cxplaincd by the fact
that the modulators arc grid-leak biascds With rcduccd cxeitation and
conscquently reduced bias, their plate voltase may decreasc to a valuec be-
lowv the screen voltage valuc, and their high plate resistance pentode
characteristic then disappecars. Their damping offcet on the negative resis-
tance characieristic of the magnetron is thus lesscned, providing favor-
ablc conditions for quenching or motor-boanting of the oscillator. With
proper adjustnent of the modulation amplitude no difficulty with this motor-
boating was cxpericnced.

6-1-9. A check of the strength of the permancnt masncts
of the twe CXFR units was made at onc point during the tests in the lad-
oratory, and it was found that they were below the rated minimun valuc of
1500 goausse Thereforc some ro-magnetizing coils were wound and the nog-
nets ro—-energizeds The mognet strengths were thus brought up to about 1530
GalsS.

6~1-10. The modifications of the modulator which resulted
in improved operation were comrunicated to the manufacturcr via Burcan of
Ships representatives, and werc innedintely incorporated in the production
units. A unit incerporating the rccommended changes was rcceived on 29
Fcbruary 1944. and was found tc operatc satisfactorily in the laborotory.

6-1-11. Althoush extonsive tests of power output and
freoquency speetrunm had net beeon made in the laboratory, it was decided
that operational tests of tho CXFR should not be held up to allow naking
these neasurcments, becouse of the urgent nced for immediate determination
of the performence characteristics under ficld conditions. Ho satisfactory
nethod of making an cxtensive annlysis of the fregquency spectrum was avail-
able at the loboratory. Vith such apparatus as was available, it was
determined that the bandwidth of the transmitted signal varies considerably
over the frequency range, and varies also with adjustment of pancl controls.
A complete study of the spectrum would have required more time then it was
desirced to spend. Bimilarly, a carcful serics of mcasurcmonts of power
output as a function of frequency was not madc. From the sketchy informo~
tion obtained on the frequency spectrum, it can be said only that the signal
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bandwidth varies., over the tuning range, from valucs perhaps as low as onc
negacycle to valucs possibly higher than 10 megacycles. Power output of
fron 60 to 90 watts was mecasurcd, the lower figurcs being obtained at the
uppcr cnd of the frequency range. In no cosc were values mensured as high
as the 150 tc 200 watts which the ZP-579 is reputed te be cspable of de-
livering, All measurcments wore made with modulation applicd.

6-1-12, Of thec twenty or more type ZP-579 magnetron tubes
wvhich have failed, two devcloped open filaments, one had a short circuit
betweeon the filament support rod and the circular metal disc, uscd to
shicld the glass cnvelope from clectrom bombardment, through which the sup-
port rod passcs, and tho romainder failed as a rcsult of cracks in the glass.
The cracks werc in all cases through the base, passing between the clectrode
pins, snd appearecd to be due to heating developed by r.f. losses in the
Slasse The life of the tubes that failed did not exceed five or six hours,
before a meodification of the magnetron air cooling system was madcs The
slot through vhich the air from the blower enters the osecillator shicld
cover was originally positioned isbroperly, and, after its positicn was
changod in the lnboratory (and in the later models by Auto Ordnance),
tube failure was less freguent (tube life wns approximntcly doubled). If
the coapoeity of the blower werc groator, the slot probably could remain in
tho original position.

6=1-13. Platc 8 shows the rcsults of tests made on the
Auto Ordnonce CXFR broad band antenna. Tests wore mndo to determine the
percent reflection over a frequency range of 300-800 Mc with the antenna
connected to 17 feet of RG-17/U cable, and a compariscen was mado with the
results obtained from a developmentnl model constructed at this laboratory.
Recomnendations were nade to deercase the spacing of the cones and to pro—-
vide nore positive means for locking the upper cone to the supporting spike.
It wos thought that the greater spacing of the cones was the reason for the
high percéntage rcflection at frequencics above 500 Me, so 1/8" scparation
was requestoed.

These improvemcnts vere incorporated in a second production
nmodel; the results, while not as good as thosc obtaincd from the Naval
Rescorch Leoboratory cxperimental model at the lower ond of the band, ine
dicated the climination of the high peaks above 500 Me, and show that, on
the whole, theo antenna functions very well.

6=1-14, Various mechanical features arc unsatisfactory,
althoush not of sueh naturc as tc ncecssarily causec complete failure of the
cquipnents These are listed below:

(n) It was noticed that greont carc must be cxerciscd vhen ade
Justing the coupling te a minimum value to aveid dsmaging the spring
Ufingers" on the shorting bar. If the antonna coupling tap is pulled
beyond a critical valuc, the solid metal of its support slides under the
contacts of the tuning slider; after this has been done scveral times,
tho "finsers" fail to make good contact with the sides. This was found
to be a source of arcing in the oscillator.

(b) It was further noticed that the clamps on the 813 modulator
tubes failed to hold the tubos securoly in tho sockotse Examination
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showed that the socket holes in the chassis werc smaller than the tube
bascs; thus, since the socket was under the chassis, the tube pins vent
into the socket only cnoush to make contact; further, the spring clips
of the socket tondod to push the tube out rather than grip the pins. It
is probablc that the tubc clamps would function properly if thc tubes
were properly scated in the sockets.

(¢) The "Prestonc" cooling fluid lcaked badly from the pump;
if the gland wore tightened sufficiently to stop leakasc, t he resultant
friction on tho shaft was too great for the starting torque of the notor.
It is thought that this Prestone fluid leakage and soaking into the high
voltage transformer was a contributing factor to its failurc.

(4) Somc of the lugs, which arc squeczed onto t he wire ends,
wore very loosc; while they were being soldered on, scveral becarme de-
tached from the wirc.

(¢) Exonination of the time delay rclay, after the .plate power
rclay failcd to make, showed that tho cams on the motor shaft had slipped
around so that thoy were inoperative. Scveral times during the tests
the cams had to be rcpositioned and the sct screws tightened.

) (f) The voltage regulator for the magnetron filament in the
CXFR was oxtremely inofficiont; this unit was disconnected from all of
the CXFR models tested.

6-2. Oporational Tests. Operational tests of the CXFR were
made on several occasions. The first was that made on 11 February, with
the CXFR aboard the U.S.S. Quincy, as described in paragraph (3)«

6-2-1, Aftor tho first modification of the CXFR modulator
was made, the transmitter was installed aboard the laboratory patrol boat
Nnvajo (YP=564) at the Chesapeake Bay Anncx on 22 February. It was found
that very pood perfomance was obtained at the FD frequency (700 Mc),
but thot poerformance was poor at the Mark 5 radar fregquency (Lo0 Me). At
the latter frequency, the modulation contained pulses and "railings" super-
imposcd on the random ncise veltage, and the echo signals could be seen
cven vhen their amplitude was considerobly less than that of the Jjomminges

f-2-2, It was found that the same transmitter, with a
new ZP-579 installed, performed well at the lower cnd of the frequency
ranse (including the Mark 5 frcqucncy). but would not operate properly at
above 60O Me. It thus appears that there is some variation in tubc char-
acteristies, and that not all tubes will allow proper operation over the
entire froquency rangc. This same phenomenon was obscrved subscquently with
other tubes.

6-2-3, On 2l February the same CXFR unit mentioned in
paragroph 6-2-1 was taken to Annapolis and installed aboard the U.S.5.
Troniklin (CV), for further operational tcsts against the radar cquipment
at the Chesspenke Bay Annex, particularly the Mark 5 and "Hot Dog" (sim-
ulated German "Warzburg®, 560 Mc). However, on the scheduled date of tho
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tests, 25 Fobrunry, the cquipment failed to operate properly, and succoss-
ful tcsts could not be obtained.

f~2~l4, On 1 March tcsts werc nmade with several jarming
transnittcrs installed aboard the Navajo. The first of these was the CXFR
vhich had been modified as described in paragraph 6-1-4, Thec sccond was
the mamufacturcrs! "Rovised" model (paragraph 6-1<10). The third was the
RRL Magnotron jammer (laboratory model), vhich is basically similar to the
CXFR, but diffcrs somewhat in physical layout and modulator circuit de-
tailse The fourth unit was the "Corpet", or #N/APT-2. This was included
for purposcs of comparison, since it ropresents a basically different type
of jommere It has lower power output thon the magnetron jammers, but has
also less bandwidth, and a dircctive antonna, The oscillator tube type is
an ultra high freoquency triode, platc modulated with random ncisce.

6-2-5, ©On 7 March furthor operational tests of the CXFR
were made to corroborate previous results and to obtain additional datoe
In the aftcernoon of this datc the performances of the CXFR and "Carpot"
on the FD, "Hot Doz, and Mark 5 radar frequencics were demonstrated fo a
sroup ineludins representatives of the Burcau of Ships, the Radic Rescarch
Laboratory, and the General Elcetric Conmpany. The effect of using various
types of antennas was demonstrated, in addition to tho general demonstration
of comparative performence of the cquipments, The type GAKZ-66AHM and CAKZ-
66AHN antennas (Plate 5) were found to have approximately 3 db gain relative
to the "broad band" CXFR antcnna (Plate 4).

6=2-6. The letter of reference (a) requested "ficld tosts
ess. using the AN/APRs1 recciver for sctting on freoquency". Congiderable
difficulty was experienced in setting the jammer on freguency with the
AN/APR-1 rcccived beecause of the many strong responses received over the
ranse of the roceiver. If the radar frequency is known, the jammer may
be set approximately "on frequency" by means of the calibration chart fur-
nished with the equipment. It is’inportant to note that the frequency
chanses drastically with diffcerent tubes, so the chart may be relied upon
only within 5 or 10 Mc. However, if the radar freoquency is unknown, posi-
tive identification of carricr frequencies will be very difficult. In the
letter of reference (d), it is stated that, at a range of five niloes,
cloven responses to the signal from the Mark 4 rador (690 Mc) were observed
on the APR=1 recceiver; four on the "A" tuning head, and sevon on the "B
heade In addition, two "false" carricr-image scparations of 60 Mc wore
found on the "A" hoad (90-150 Mc, and 150-210) as well as the 60 Mc gap
from 690-~750 Me duc to the true and image response on the "B' head. Dis-
erinination between the responses is based upon their relative amplitudes,
but, since the relative amplitudes varied considerably depending upon the
oricntation of the reeceiving antenna, the determination of the correct
radar froquency night have been seriously in doubt hod not the frequency
of the Mark 4 been knowme It was rccommended in the letter of reference
(@) that the APA=-6 pulse analyzer be used in conjunction with the APR-1,
and that two or more APR=1 receivers be used simultancously for rapidly
checking o frequency. In the same letter werc three tables containing tho
responses, their relative amplitudes, and the rcason for the i~f responses
for frequencics of 270 Mc, 690 Mc (Mk 4), and 560 Mc (Hot Dog)s Tho out-

g e
DECLASSIFIED



DECLASSIFIED

put necter on the APR-1 can be used to great advantage vhile sctting the
jamner on frequency, and the RDX panoranic adaptor is helpful. This latter
iten wwould be of much greater usefulness if the sweep were 10 Me rather
than 3 lice Since thc bandwidth of the noisc signal is (at some portions

of the ronge) greater than 3 Me, the RDK is ofttimes inadequate. With
cxpericnece, the APR-1, APA-6, and RDK may be efficiently used to sct the
Jamner on frequency, but, as it has been pointed out, great difficulties
must be over cone before effective results may be assured.

f=-2-7. All the magnctron jammers described above per—
forned satisfactorily and about cqually well. Actually the RRL jammer
performance, as measured using the methods described in paragraph 5—2—4,
was 2 or 3 db better than that of the CXFR transmitters; however, this dif-
ference may be of the same order of magnitude as the probable experimental
errors Vhat was nmost interesting was that the "Carpet"™ performance was
cqual to that of the mognetron jammers when it was operated with its directive
antenna, and the negnetron jammers werc operated with the non-directive
broad band antonna showm in Plate 4. Then the magnetron jammers were
.operated with the "Carpet" dircctive antenna, their performance was about
8 db obove that obtained with "Carpct". This 8 db agrees with the known
power gain of the "Carpet" antenna relative to the CXFR broad band antcnna.
If the "Carpet" is assumcd to have 3 watts output at the frequency at which
the test was made (700 Mc), then the 8 db better performance of the magne-
tron jommers would indicate that their effective power output is approximate-
ly 20 watts« Since the magnetron jommers are known fo deliver more actual
power than this, the discrepancy must be explained. It is due to onc or
both of the following:

(a) The power output of the magnetron jammers is spread over
a wvider frequency spectrum than that of the "Carpet". If the latter is
assumed to have 2 Mc bandwidth, thon a CXFR band width (at 700 Mc) of
fron 6 to 10 Mc would completely explain the results obtained relative to
"Carpet", assuming a CXFR total power of 60 to 100 watts at 700 Mc.

(b) The modulation used with "Carpet" may, for somc as yet un-
explained rcason, bc more effective than that which is obtained with the
nagnetrons. This possibility is purely conjectural; facilities for deter—
nining whether or not such an effect cxists are nct at present available.

6-2-8. Plates 6 and 7 arc plots of the results obtained
in operational tests of the CXFR at the Chesapeake Bay Amnex, with curves
of ccho strength received from various types of warships, as described in
the report of reference (c), plotted to the same scale. The signal lovel
received fronm the standard target ("Boker Dolphin"), to which all measure-
ments were referred, is token ns zero decibelss The meaning of the "jame
nins" curves is given in parazraph 5-2-4. The actual measurcments were
made with the jamming antennas at 12 foot height above water level, since
this was the greatest height conveniently attainable aboard the Navajoe The
curves shown (Plates 6 and 7) for greater antenna heights were based on the

. measurenents at 12 foot height, and were drawn by using values calculated
assuming the jamming signal strength at the radar antenna to vary in pro-
portion to the second power of the jamming antenna heights This assumption

T =

DECLASSIFIED



DECLASSIFIED

is valid for ranges at which the jamming antenna is below the height of the
first "maximum" lobe of the radar vertical interference pattern. For ranges
at wvhich the jomming antenna is in the first maximum of the radar pattern,
or above it, the jamming performance curves will deviate from a straight
linc, as shown, dropping to "minus infinity" as the jamming antenna comes
into the "null" of the radar antenna interfercnec pattern. Thus, for jom-
ning in to close ranges it may not always be that the highest possible loca-
tion of o jarming antonna (on a ship) is the best. In fact, for a given
rador installation, it will be scon that to "jam" to any specified range,
there is an optimum height for the jamming antenna. This optimum is the
height of the radar antenna first "maximum" lobe at that given range. Tho
height of this lobe may be computed if the radar frequency and antenna
height arc knovm.

6~2-9. On 20 March 1944 the CXFR was opecrated aboard an
cscort carrier (CVE) at the Chesapeake Bay Anncx, with the jamming antconna
at approximately 85 foot height above water level. The results obtained
anrocd within a few db with the curve of Plate 6 for 80 foot height, al-
thoush neasurements at closc range could not be made.

Te CONCLUSIONS.

7-1. The CXFR equipment as represented by the first two units
received at this laboratory was unsatisfactory. The radar jomming per—
formance was ineffective becausc of the presence of non-random medulation
conmponcnts, (pulsecs, gtcCe )e

7-2. The desired random noisc medulation of the CXFR output
wvas not obtained because of improper wiring arrangeoment in the modulator
unit, insufficient shielding of the low level video stages in the modulator,
ond insufficient r-f and video filtering of the power leads cntering the
modulator unit and interconnccting the video amplifier stages.

7=3« With thc additional shielding, re-wiring, and lead—
filtering incorporated in the modulator to eliminatc the undesirablc modu-
lation components, the performance of the CXFR is comparatively satisfactory.
It equals the performance of the Radio Rescarch Laboratory magnetron jammer
(cxperimental model), and provides approximately 8 db greater offective
jomning power per channel than the AN/APT-2. (The modulation bandwidth of
the CXFR is greater than that of the AN/APT-2).

7-4. The CXFR equipment is not capable of protecting large
ships in to very close ranges (say, less than 5,000 yards) against radar
cquipment of high perfermence characteristics {equivalent to, say, U.S.

Navy laric L), The CXFR docs represent, however, a comnsiderable improvement
in both simplicity of adjustment and in power output level over any other
cquipment currently available for coperation in the same frequency rangcs It
also covers a much greater frequency range than other available jammerss

7-5« It is possible to tune the CXFR to the frequency of a
radar simmol reecived on the APR-1 reoceiver, at ranges rcpresentative of
operational conditions. The type APA-6 pulsc analyzer is an cffective ac-
cessory to the APR=1 for both setting the CXFR on frequency and for detor—
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nining that the modulation is of the proper charactcer. The type RDK Pan-
oronic Adaptor is of somec help in sctting the APR-1 "on frequency". Some
cxpcricnce is required, however, in order to make certain that the CXFR
is actually tuncd to the proper frequency and not to onc of scveral
"spurious responsc" froquencics which may be obtained with the APR-1,

7-6. The power output of the CXFR varics over the frequency
renne, ond is only B0 to 70 porcent of the wvalues of cw power output of
the type ZP-579 tube reported by other laboratorics during the devclopmental
work on the oscillator.

7=T« The lifc of the ZP-579 magnctrons during the tests was
comparatively short, usually being less thon 5 or 6 hourse This may be
in part duc to abnormal stresscs incurrcd during experimental adjustments.
The dnta on tube lifc obtaincd during the tests is insufficient to warrant
o definitc conclusion. However, it is belicved that the nmajority of faile
urcs, which take the form of cracks in the ;lass at the base (between the
cloetrode pins), arc caused by excessive heating due to r~f losscs in
the gloss. This is, in part, duc to insufficicent cecoling by the air blast
from the blower, cither because of improper placement of the slot through
vhich the air blast cnters the tube chamber, or becausc the blower is too
smalle.

T7-8. Various mecchonical featurcs of the cquipment arc un-
satisfactory, thoush not of such naturc as to causc complcote failurc of the
cquipncnt. Thesc features are deseribed in the body of this report in
parasraph 6-1-14,
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