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ABSTRACT

This report covers the ork done at this l-boretory during
the nast rear, on anti-jam receivers for search radsr equipnents.

The first part of the renort covers the develowunent of a stond-
ard test procedure to be used in the testing ef all r=j receivers h ndled
et tals leboratory. the second pert covers the investigation of the e
chorociczietics of the “PI with o view t- detemining vhat choracteristies
the srstel ¢s a vhole, »s vell as the PPI itself, must possess if the PPI
is Go Hexrform well in the nresence of jemming. This is followed by three
parts cov.ring the worls done on three specific systems, The SC-=3 wa
thorou 1l investigated and field changes recommended to bring it uy %o
date in =] perfermance. Seversl models of the receiver for the AH/TPS—I:
larine lader System were tested during its development by Bell Telephone
Labor:tories, and recommends-tions for imprevements were made. The original
receiver ror the i3F-1 system, under development at this laboratorr, was
tested cad a new receiver for this system was built ond tested in order
to test several new bacibias systems and compare their performance. &
grect Cecl has been learned of the fundementals of anti jaiming during
this worl: and these fundamentols sre discussed as they come up in the
worize the final part contains a sumnary of the design festures necessory
in an =j receiver together with references tc specific earlier divisions
of the repert in vwhich the discussions of particular requirements ocecur,
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1. IITTRODUCTION,

1~l. Authorigzation.

1-1-1. The work of this problem, as apnlied to the
"A" scone, wes conducted under the suthorization of iRL problen SHAE-S
in accordonce with reference (z) in the list of references +hich follows
the text,

1-1-2. The extension of this problem to cover 'or:
on the r-I was authorized by the letter of reference (b) in the list of
references wihich follows the text.

1-2. ZFeferences.

1-2-1, Other references pertinent to the problen
or to ssecizl phases of it are included as references (e) tc (k) in the
list of references which follows the text.

1=35. Prcblen.

1-5=-1. Up to the present time there has been no
stendcr nrecedure for testing and commarinz a~j receivers.for search
rador ecuinients. The present voris was undertnlzen beth tc develop and
te stondordize on such a procedure for use ot this laborstery, and at the
sene tine o extend the a~j vior: tc cover the Prl,.

1-3-2. The developnent of this test procedure in-
volved ¢ investigation of the fundenentals of anti jamning, in order to
deter:ine vhet receiver characteristics are important to a~j perfommance
and how tiey ore lilkely tc voary. This study of fundsmentals was then,
quite leczgically, extended tc the develomment of better receivers -nd to
a beiter understanding of present receivers ond their shert-cemin s.

1-3-5. A form of reportinz the daba taken in the
tests lrd alse t¢ be develeved. This form had to make it possible %o
descrive entirely the #~j properties of =2 receiver with a minirum of
comnle:city and to moke it possible te evaluate its perfomance without
excessive study eof a lsarze number of curves.

1-l, Search Versus Fire Control.

ES

1-U.1, Attention should be celled tc the fact thot
the wori: described in this report is intended to be applied cnly to re-
eeivers for search equipnents ond does not necessarily apply to receivers
for fire confrcl equimments. I is true that the basic requirements for
the .o gyetems are sinilor; however, the use of lobe-switchinzg and the
accurce;” requirenents of fire control equimment place much rore stringent
require onts on the receiver. As & result, entirely different test pro-
cedures, iiich will not be dealt with here, rust be used to deternins tae
suitability of a receiver to fire control service.
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1-5. Thecretical Considerations.

1-5=1. It is immediately apparent that there are
three chicracteristics of a jamming signal vith respect to which an o~j
receiver rmust be tested. These cre:

(a) Jarming Frequency (relative to radar freauency).
(b) Jamming Level.
(c) Jarming iiodulstion Type.

1-5=-2, ZIxperience hes shown that it is extrenely
difficult to tune a jammer on frequency. This difficulty is the result
of severcl factors; the tendency of the hizh power of the jammer to mask
the vealt redar signal and meke it difficult to distinzuish, the frequency
nodulation end frequency drift of the jamner and the complexity of its
centrols, the lack of suitable receiving equipment of the "panoramic!
type for use in setting jemmers on freguency, the frecuency drift in
availoble "setting-on" receivers, and the frequency modulation on the
radar ulse gignsl. 3Because of these difficulties zero-beat jamning
will seldom if ever be enccuntered. Thus it is as inportent, if not
more irmertont, fto test the receiver with off-freguency janning as with
on=frecuency Jjamaing.

l+H~3. Little need be said abcocut the necessity of
testin; 1:ith various levels of jamning. It is only necessary to set o
mexirun level up to which the receiver should be tested. This maxinun
level siiculd be sufficiently high te include the levels likely to be
encountered vith future higher powered jemmers. 'fe may calculate theo=-
reticolly this probable maximum by means of the ecustion:

By
Pj G5 Gp h,” hy

L
/5

(1) Received Jamning Pover =

vhere:

Y
1

5 & Jammer Power, watts (within receiver pass band).
Gj = Power Gain of Jjammer antenna.

Porrer Gain of receiver antenna.

]
e ]
"

=
L}
!

= Height of receiver ontenns in feet,

Height of jammer antenns in feet.

v
!

= Distance from receiver %o jzmmer in feet.
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Asgume that the mexirum for eseh of these foctors will be of the order
ofs

P. = 1000 vatts.
Gr = 150C,

h, = 150 feet
h: = 100 feet.

3
(7

Ang the ninimum renge likely to be encountered in Jemming directed against
search rodars will be:

r = 10,000 v=rds.

(This ninirmum range does not hold in the case of Ffire conirol
equipnents, lluch shorter nininum ran.es will be encountered
in jamming directed ~gainst them).

Caleulcting received power fron equation (1) gives:
Pmax = 000H2 watts.

Converiing tc voltage gives:
B = VPR = .14 voits
vhere R = 50 chnms.

Thus the maximum voltage likely to be encountered is of the order of
100 nv.

1-5-4. A consideration of the types of sizmals to
be used for test revesls mn infiniie variety of possible combinations.
It therefore becomes s problem of selecting a small number of types
whiech will accurately describe the receivers a~j characteristics and
still 'eep the smount of time required to moize the test ot 2 mninimum.

It is limediotely apparent thet a test with cw will be necessary to test
the stobic overlond characteristics of the dstector and baci-bias (or
other coverload protection) circuits. Selected values of low, and hish
frequency amplitude-modulsted ew, ond a complex azmplitudermodulated cw
signal ricdulated with the combination of both, w7ill then test the d@monie
preperties of the systen.

1-5~H. It should be noted that no f-m signals are
needed Ifor the test. A narrow band f-m signal looks like cw to the bock=
bias circ.its, since they are not frequency selective; =nd 2 wide band
f-m si mel looks like enplitude-modulated cw, since it will swing outside
the poss band of the receiver on peak swings.

i b
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1-5-6. llo tests of performence asainst ¥ railings®
need be included for two ressons. Firstly, they hove proven so inefficient
for jaming that they are not used to any grest extent, and secondly,
perfomiance against "railings" is a function of recovery time and can be
checlred cuite simply by a measurement of recovery tine.

1-5-T. Recovery time is alsec the riost important
factor detemining the perfomsnce of o receiver sgeinst ground, ses and
cloud cluiter. The use of fest-acting back-bias circuits (IAVC) agsinst
these foms of clutter hos become one of the nost importsnt spplications
of o~j circuits; and since recovery time detemines the "differentistin
action of the receiver agsinst this clutter, it should be measured ss
an indication of performance in this service.

1-5~G. Recovery time is also important as an indicom
tion of nerformence agrinst high frequency amplitude-modulated cw. In
the presence of high frequency amplitude-modulsted ey (or "railinzs®)
Jaming, the receiver will be ingensitive to an echc pulse during the
pesivive part of the Jjamining nodulation cycle due to normal limiting,
This, however, will not result in a sericus loss in sensitivity., The
signnl i1l be visible in the negative "holes" betwesn the positive perbs
of the ccle of jamming medulotion, and will be lost only when a pPogi-
tive neclr of jarming happens to hit the receiver at the seme time tnot it
does. -ut sinee the Jamring medulntion is not synchronized to the rad-r
sween, uiese pesitive peaks will not f2l1l ia the same ploce on succes—
sive sweedrs, and if the signel is lost on cne sween it will be seen on
the next. If, however, the receiver bleocks on strong peaits, a nortion
of the "lheoles" will be lcst due to recovery time, and in receivers ihere
recover: time is long the "holes" mey not be long enough for complete
reécovery, end o very serious loss in sensitivity will result.

1-5-9. It might be of some value to test receivers
in the hresence of noise modulated Jeming., True a=-j circuits will not
dejon tiiis tpe of Jemming (any circuit that does will improve receiver
sensitivity in the unjermed condition and thersfore is a "minirmm siznal®
(imprevia_) eircuit r-ther then en e=j device) but they will prevent
receiver overload snd thus show some improvement against hizh level
Jamiin. Such a test is not made on receivers at the present time since
signal ;enerators which will teke wide bond randomn noise modulation are
not svoilable.

1-5-10. In sunmation, the receiver should be tested
with joisiag of the following generol character:

Level ——-eeeuee e 0 to 100 mv

i.odulation Types ——=—c—auu o
Low frequency amplitude-modulrtecd. e
High frequency amplitude-modul-ted cw
"Complex" smplitude-modulsted cir.

T, e
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1-6, Barly .ork.

E

1~6-1. ZBarly work at this leborotory did not give
the receivers as complete a test as indicated above. It vies customary to
test receivers at only tvo levels (low and hish) 2nd to use on~frequency
Jemning only. C end amplitude-modulsated cw using numercus modulation
frequencies were emnloyed (see reference e).

2, IICASURING PROCEDURE - "AY SCOPE.

2=1. Anti-Jam iieasurements -~ General Procedure.

2-1-1, All tests run at this laboratory hove been
based on the application of z simulsted echo signal to the receiver ond
the nersurenent of the loss in sensitivity to this simulated echo as
Jemning is spplied.

2=1-2, The receiver is set up and a pulsed r=7
signal is applied tc it from 2 signal zenerator, This generstor is a
self-nulssd generator with varirble pulse rate, varizble pulse width,
and veriable pulse-~delsy tine. A series of such generotors has been
develonud at this lsboratery for this #nc¢ other uses. The generator is
set to the pulse repetition rate and the pulse width of the system with
which the receiver is to be used. An oscillcscope synchronized to the
syncurocuizing-signal cutput of the generstor is used as indicator, =nd
the pulse delay time is set to place the pulse at a convenient peint on
its troc., "Janing" is supplied by another signal generstor, gener-lly
of the some tvpe as the echo generator, set te deliver cv or amplitude-
modul-ved ew as recuired. The outmuts of the tic r~f signal generators
are iiiied end fed to the receiver by mezns of a "Tee" fitting.

2=1-3, liinimum detectable signal measurerents ore
mede vy slewly incressing the simulsted echo signal from zero until it
is just distinguishable. Several readings are taken in this manner tith
the pulse delsy time beins changed between readin s to eliminate the
observetionsl error which will result if the pulse appears in the sone
place eoch time, The aversge of these readinzs gives the minimum detect-
able siznal, The seme precedure is used whether jamming is or is not
present.

2-1-L, The minimun detectable signal is first measured
by the nethed eof parsgreph 2-1-») with no jarmingz applied, This measure—
nent sives the unjammed sensitivity of the recaeiver, in db referred to
an arvitrory level, depending on the losses in the r-f cables and con—
nectors used to connect the generaters snd receiver, This unjommed sen-
sitivity is taken as the zero level from vhich the less in sensitivity
is conputed fer each level of each tywe of jamming,
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2-1-5. The jammin: signal under study is then o rlied
and adjusted tc the desired level. The minimum visible signal is ~goin
deterined by the method of peragraph 2-1-;, and the difference betveen
this sensitivity and the unjammed sensitivity gives the loss due to Jorie
ming. Since the attenustor on the signal generstor reasds directly in
db, the lcss is given in db.

2=2, Yest Schedule.

-
2-2-1. The procedure just outlined is used to deter—
mine the loss in sensitivity for each condition of Jarmminz. In 2ll tests
the levels of jamming used are »s follows:

(2) 10 uv
(v) 100 uv
(¢) 1mnm

() 10 mv
(e) 100 mv.

The onl:" deviation made from this schedule is vhen the 10C mv level
cannet be resched due to high losses in the c:bles (end in PPI tests,
in the chopvers) connecting the Jemning generzter te the receiver. In
this case the hishest level that can be rezched is used.

2=2~2, The types of jamnins used sre as follows:

(2) cw

(b) omplitude-modulated cw - Lot frequency nodulo=
tion (approx. rep. rate)

(¢) emplitude-modulsted cw - Jigh frequency module-
tien (aporox. & i=f bend vridth).

(d) anplitude-nocdulated e - Complax meduletion
(voth b 2nd c of above). '

It is soietimes necessary to reduce the moduleting freguency of the high
frequency enplitude~modulsted cw becanse of the difficulty of medulsting
most sirmal seneravors at high frequency. In 2ll cases a moduls ion
level of from 25 to 505 is used.

2=2-3. In the first tests mode using this procedure
three different jemmer fregencies vere used. These vere "zere beat",
and the frequencies corresncnding to the 6 and 12 db down Points on the
receiver bend-pess characteristic. These three frequencies were colled
on freguency, off frequenecy I snd off frequency II respectively,

2-3. Presentation of Zesults.

2-3=1. Data talzen in this nanner wns Dlcited as
shown in Flctes 1A to L3 inclusive. It will De noted that all curves
are ploited to show loss in sensitivity versus jammin: level for ecch

_ -6
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type of jamming used. This method of plottins is used instesd of that

in vihich jam-to-signal ratio is pletted e;zinst jam level rother than the
absolute velue of the loss sgainst the jem level. Since radar performonce
is dependent on the sensitivity of the receiver, rather then on the Jls
ratio, the methed of plotting used here probably better deseribes the
usefulness of the receiver. If j/s is needed, it can be obtained quite
easily Tron the scale at the btottom of each set of curves. This sccle
shows the ratio, in db, of the jem level to the minimum detectsble sig=
nal in the unjamnmed condition. The j/s rstic is then the difference be-
tween tlhie cbscissa and the ordinete of the curve at a ziven point, since
the ordincote actually shows the ratio in db of the minimun detectable
signol in the presence of jamning (s) to the minimum detectable signsl

in the wajermed cendition (V3. ).

Thuss:
3/ Vpyp (in @0) - 8/Vy4n (in @) = j/s (in db).

2-L, Accursey of Results.

2-L~1. Data taken by the three-f requency systen o
para;ronh 2=2-3 has shown some rether sericus inaccuracies ot times.
Table 1 shiows the mean deviations from a series of repested tests. It
will be noted that in most cases the deviation is of the order of 1 db
or less but in several cases it is hizh, beins 2 db in the extrers cose.

2-U-2, These errors have been traced to drift in the
Jemmer Ireguency during the long period of time reqguired to run the com=
plete teoet. Since the of f~frequency curves s~re taken at ncints on the
recelver pess characteristic where the slope is quite steep the jarmer
frecuenc;” nmust be naintained constant within extrenely cleose linits %o
obtoin consistent results. It has not proven practical to hold the
frevenc - constent within the required linits, especizlly on the higher
frequency equipnents, sc, to elininste this source of error, s new srsten
of tesiing has been cdopted.

2-5. Revision of Test Scheduls.

2->1, In the new system of testing the loss is
measured ot a number of points as the jammer is tuned throush the re-
ceiver ncss band. In this case the drift will show up as & shift of the
curve os o whecle. This shift cen then be corrected in plotting since the
peak of the loss will alweys oceur at zero best, ond 211 curves can be
plotied to show zero beat at the same frequency. The drift of the gen-
erstors .8 been found to be negligible during the time required te ncice
only ene run, sc nc error appears in individual curves.

2=5. Revision of Presentation of Hesnlts.

2-6-1. Usin-, the new systen of test the loss in
sensgitivity is plotied zs a function of jarmer frecuency, plotting one
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DECLASSIFIED



DECLASSIFIED

curve for each of the levels at which tue receiver is tested. The j/s
ratio czn be found from these curves by subtracting the loss in sensiti-
vity, as siiown by the curve at the noint in question, from the vsolue of
j/vhin correspending to that curves, The value of j/vhin for each curve
is given in the legend. Plates Ui to 47 show 2 set of curves telten in
this nanner.

2=7. Accuracy of Resulis of Revised Test Schedule.

2=T=1l., Sufficient data has not as yet been talren
accorcing to the schedule of seetion 2-5 to checliz statistically the Hrob-

able errér; hewever, indicstions are that the dats teken in this way will
be perfectly satisfactory.

2-8. Proposed Further Revision of Test Schednle.

2-8-1. In the light of work to de described in
part § ol this report, it has becone anparent that a test of a receiver
egainst mmlitude-modulated e modulnted of one or two frequencies doeg
not adecuctely describe its performence. Scne method of testing ot
varicus rodulation frequencies should be included.

2-5-2. Plote 43 (discussed in peregraphs 7-5- snad
71=5-5) shews the results of = test of the A/TP3-1B a-j receiver in wiiich
loss in sensitivity is token ss a function of jamnins modulstion fre-
auenc;’s A curve of this tyve would be of considerable value in des-
cribing the performance of s receiver. As yet, however, curves such =s
these con net be conveniently taken because of the difficulty of modulot=
ing cvellcble signal gener~tors st hizh frequencies (see paragraph 7-55).

2=5-3. eorkz is ot present under way at this labore-
tory tec develop o medulated anplifier in vhich the ocutput of a Jemning
sign-l Jenerator will be modulated up te about 2 [es A cooxinl-line
arplifier will be used, with cathode mecdulation, for frequencies bet-recn
500 :al. 1200 iles, vhile a canacity tuned coaxial-tank amplifier, agrin
with cothode nmeduloation, will be used for the lo er frequencies.

2=5~4. hen this work has been carried to a success—
ful ecnclusion, it will be applied to the development of = test procedurs
to describe adequately the performance of a2 receiver as o funciion of
the rioinletion frecuency of the epplied amplitude-nodulsted cw Jarmin .

2-3-5. At present two rossible test schedules are
under consideration. In the first of these the width and the denth of
the zerc Dect ares of the loss curve would be measured and plotted as -
funciion of the modulrting frequency. This would necessitote the deter—
mination ond standardization of the optirmum peint at which to measure the
width ef the loss curve.

2-3=6. The other method under considerstion is the
plottin: of e complete loss curves (one at 100 uv and one at 10 nv jun
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level) for each of about si:: different mocdulation frequencies. These
six moémlation freguencies ould be the PRF, and 1/16, 1/5, 1/4, 1/2,
and 1 tires the overall bandwidth of the receiver. The data would then
be plotted as described in section 2-6 using one sheet for each modul:ie
ing frecuencys ZFor conwenience, data would then be taken from these
curves ondé pletted to show directly both depth and width of the zero=-
beat corec.

2e6=7. If either of these test procerures is adented,
the tia fomilies of curves at present teken +7ith simple modulotion will
not be tcizens The complex modulation would still be retained using
meduleting frequencies equal to the FRF and to one-half of the oversll
bond /idthe

2

2-9, Tests ./ith leise licdulated Jamning.

24gL], As vointed out in part 1, it would be of
some vclue to test receivers in the presence of ncise jaming. It is
hoped t-ot the moduleted amplified under development will medulate well
encushr cn neise to mcke it possible to include such a test in the routine
testin; ¢f receivers.

2=10. Other i.easurements Pertinent to A-J Performance.

2=10-1. As a part of each complete test of on a—j
receiver seversl other rnore or less stondard measurements are nade,
They ~re oe follows:

(a) Overall Bandwidth

(b) Video Chirracteristics
(c¢) Stability

(d) Recovery Time.

2-10-2, Oversll Bandvidth., At first glonce it
woulcd seen that the metheds of measuring oversll bandwidth are so well
knce'm to tliose sikilled in the art that they need net be discussed here.
However, it must be remembered that a=j receivers possess scme reother
unusucl characteristics, and some rather amazing results may be ob-
tained il special precautions =sre net tslzens TFirstly, the stendard
methicd using fixed cw input and recording output as the signal is tuned
throu: tiie receiver pass bend cannot be uced. Zven if the receiver is
stoble v/ith s meter connected in the detector lend (and an unfortun-itel:r
lorse nwiber sre not) it will net be linear. If cutput is naintained
const. it aad input varied, this method may be used, but it is not te be
recoruiennded since, even though the receiver may spoear to be perfectly
stable, there may be scme regeneration with its consequent narrewing of
the bend -idth.

2-10-3. Another possible nethod is the use of
ammlitude=-nodulated ¢'7, reading output on the indicator screen. This
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methed o zin may lesd to errors since most signal generators, at the
frequencies of present radar equipments, hove, when "amplitude™ modulsted,
sufficient freguency modulation to zive more demodulated output frem dis—
criminctor action of the sloping sides of the receiver pass band than
true detected output from the amplitude modulation component,

2-10-4t, The method found most satisfactory at this
laboratory is as follows: A long r=f pulse is applied to the receiver
and the input signal level necessary to provide a fixed output level is
recordec as the signal generstor is tuned through the receiver pass band.
The pulse used should be about 35 microseconds long so that its main
sidebond energy will occupy only about 30 ke and will net introduce any
apprecizble error. The inverse of the required input level is then
plotted te give the curve of oversll respmonse. This method has been
found tc give consistent and accurste results,

2-10-5. In any case, regardless of what method is
used to nelze the measurement, there are three points which should be
kept in nind. DFirst, the method should not require the connection of
extroneous leads to the receiver since these leads are likely to intro=-
duce regeneration with its attendant narrowing of the bandwidth. Second,
output should be maintained constant and input varied in order to over—
come as rmuch as possible the neon-linear cheracteristic inherent in an
a~j receiver, Third, the full pass curve should be tolzen (a messurement
of bondwidth at the 5 power voints is not encugh) to determine the shape
of the skirts of the pass band. Plate 59 shows a sample curve.

2-10-6. Video Pass Characteristics. The messurenent
of video pass characteristics is perfectly straizhtforward except that,
if a short time constsnt or other video filters are incorporated in the
receiver, the characteristic should be measured for each of these as
well as for the normal pass. Plate 58 shows a sanple curve.

2=10-7. Stability. Stability is checked by first
increcsing gain to maximum and noting any regeneration. If regenerstion
is present the ncise structure will become much coarser. A high level
of jerming is then applied and the gain control turned throughout its
range, to checlk for oscillation in the presence of Jemming.

2-10-8. Recovery Time. Recovery time is checked
by applying o pulse of 50 to 100 mv level to the receiver and measuring
the time for the noise to build up agein after the pulse. This pulse
should be of the length for which the receiver was designed and the
recovery time should be measured from the leading edge of the pulse.
Photographs are sometimes made as a graphic record of the recovery of
the receiver. Plotes 66 and 67 show sample photographs.

2-10~9. Speciel Tests. DIach receiver presents o
new ond individual problem and in many cases it is necessary to run
specicl tests te show special characteristics of a receiver. Plate 4},
which is described in paragraphs 7-5-4 to 1=5-5 inclusive, shows the
results of such a special test.

‘ e
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3. MEASURING PROCEDURES -~ PPl.

3=1l. Test Equipment.

3-1=l. The test set~up used in maiting tests on a
PPI is the same as that used for the "A" scope except for fwo new items
that sre necessary. The first of these is a FFI type indicator, and the
second o PPI Signal Simulators

3+1-2, The PPI Signal Simulator must receive the
outputs of two contimuously operating signal generators (one for simulated
eche ond one for jamming) and chop these signals into a pattern approxinmoi-
ing that of an antenna, The requirements placed cn this unit are quite
severe vhen it is used to chop a jamming signal. Since the maximum jam—
ming levels fed into it will be of the order of 100 mv and the receivers
arc sensitive to less than 1 uv, the attenuation of the "chopper" in the
of f position must be 90 to 100 db. At the same time it is desirabdle %o
have low attenuation in the on position since it is desired to test the
receiver at as near 100 mv as possible and, in most cases, the signal
generator used for jamming will be capable of delivering little more
than this 100 mve A PPI Signal Simulator which has proven satisfactory
was developed at this laboratory.

3-1-3, This PPI Signal Simulator, which is showm
in Plote 37, consists of twe choppers (one for signal and one for jom—
ming), & notor drive system, a Selsyn system for PPI drive ond the ncces—
sary cooxial r—f fittings. ZEach chopper eonsists of » pair of soaxial
loops close=spaced in a shielded cavity with a rotating disc between
theme This disc ie maintained at ground potential for r.f. by close
spacing to the shield case. This spacing is about 002 inches, and the
resultant high capacity cffectively grounds the disc. A circular aper—
ture in the disc allows signal to pass through the chopper during o
smoall porfion of its retation cycle. Coupling between the loops is
essentially proportional to area and since the coupling area exposed bY
the circular aperture of the disc as it passes the circular cavity in
vhich the loops are mounted approximates the directivity pattern of an
antennn, the simulated directivity pattern obtained with the chopper
closely approximotes that of an antenna. PFPlate 36 shows the construc—
tion of the chopper. Plate 35 shows its simulated directivity patfern.
It will be notecd that the "beam width" is 6% degrees at the & power
peintss Plates 38 to 40 inclusive are photographs of the parts of the
choppeoTe

F=l=lt, The input loop of each chopper is tuned by
a coaxinal line to increase current in the loop and reduce the loss in
the chopper. This coaxial line is loaded with a series inductance and
a shunt condenser (made varizble to pemmit tuning) to sherten it mech-
anically to o convenient physieal length, The loop and the coil and
tuning condenser may be seen in Plate 40, The output loop has o resis—
tor in seriecs with it to match the line, ond thec outputs of beth chop-
pers ~re connected together and to the receiver by means of a "Tee"
% tting-
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3~1-5. The choppers are driven at 4.5 mo.nm. by
means of a zear drive. The echo signal chopper has o differential gecr
in its drive so that its phase may be chenged and the echo nay be made
to apnear either in the jammed sector or out of it. The PPI is driven
through its nomel "synchro" system from e Selsyn generator connected
to the jerming chopper. This drive system nay be seen in Plate 37.

3~2., Anti-Jom lieasurements = General Procedure.

3-2-1. The generzl test procedure used for the PP
is the seme as that uced for the "A" scope (par. 2-1-3 to 2-1-5). It
has been found necessary, however, to test the receiver both with the
echo in the jammed secteor and with it in the unjammed sector. This arises
from the frct that under some conditions of jamming the dejemning con-—
trols on the receiver will be set in such 2 manner as to adversely af-
fect unjoamed perfommance.

3=3. Test Sphedule.

5=3-1. The test schedule for the PPI is the same
as, onc underwent the ssme revision as that fer the "A" scope (Sections
2=2 ond 2-5),

3-l, Presentation of Results.

3~U~1. The presentation of results of PPI tests is
the seme as, and undervent the same revision as, that for the "A" scope
(Sections 2-3 and 2-6). Plates 54 o 163 show & set of curves for PPI
tests taken acdording te the three frequency schedule (Paragraph 2-2-3).
Jo curves are as yet available showing the results of PPI tests taien
adcordin; Yo the new schedule of testing throughout the receiver pass
band (Secticon 2-H),

3=5. Aecurscy of Results.

3-5~1. Toble 2 is a tabulotion of mesn deviations
taken from a series of repeated PPI tests made with the three-frequency
system, It will be noted that in most cases the mean deviation is of
the order of 1 to 2 db but in a few cases it is greater, being in the
extrene case & db.

3-5=-2. A sufficient number of readings has not as
yet Leen tcken by the schedule of paragraph 2-5 to check its accuracy
statistically, but it is expected to be satisfactory.

3=6. PFPI Performence Tests - Short liethod.

3~6-1. LIxperience at this laboratory has shown
that o good check of PPI awj performance may be obtained without using
the sonevhat lengthy procedure outlined above.

Wi o 12N e
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3-6-2, Part 5 of this report covers a study of the
requirenents of a FPI for good a~j performance. This study revealed that
the nerfecrmance of the PPI in the presence of jamming will be approxinate-
ly the seme as that of the "A" scope if the following characteristics ore
satisfactorys

(a) Video Pass Band
(b) Recovery Time
(c) Constancy of Gain with Variation in Jamming Level.

It is therefore possible to check PPI performance by a measurement of
these characteristics.

3~-6~3. The measurement of video pass band and re-
covery time were discussed in paragraphs 2-10-6 snd 2-10-& =nd need not
be discussed here. The relative overall gain is measured by measuring
the opproximate noise height on an osecilloscope at each jam level., llea~
surenents are made using cw jemming and a reading is taken every 10 db
as the joem level is increased from 1 uv to 100 mv. It has been customory
in the past to measure the constancy of gain with the jamming off fre-
quency about -5 band width (measured to the 5 power points). In future
tests it will be measured both at this point and at zero-beat.

&, SIIGLE FREQUCHCY ToSTING.

U1, BEffect of R-F Charscteristics on A-J Performance.

U.3-1. Since the characteristics of the r-f system
in most o~j receivers has relatively little effect on a=j performance
it would be possible to test z21l receivers at a single r-f system fre-
quency simply by feeding the output of a standard r-f amplifier and con-
verter unit into the i=f amplifier of the receiver under test.

U2, Simplicity and Accuracy.

U4.2-1. Testing in this way would considerably sime
plify the problem of obtaining suitable signal generators since they
would have to operate at only one frequency, At the same time it would
improve the validity of a compasrison betieen two receivers since the
signal generators would be operating at the same frequency for both re-
ceivers and the errors resulting from the change in pulse shape (on the
simulated echo generator) and change in modulation characteristics (on
the jerming generator) as the frequency is varied, would not have to be
dealt with,

4.3, BR-F System.
Um3~1. This laborstory is at present working on the
design of an r-f system to use in the testing of all receivers at o single

frequency. This r-f system will use two r-f amplifier stages using
"lighthouse" tubes in cepacity-tuned concentric tanks, o converter of
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similar design, and an oscillator using a "lighthouse" tube in a cepscity
tuned re-entrant tank circuit which uses a "leaky" grid-pedestal for field
penctration to secure the feedback necessary for oscillation. The entire
unit will be tuned to a frequency of about 450 ilc znd will deliver 15,

30 or G0 lie i-f outvuts It is hoped that sufficient oscillator injection
will be available te permit operation at 120 lic intemmediaste frequency also.

L-3.2, Sensitivity will be about 7 db and will, if
necessary, be reduced to equal that of the receiver's r—f system by
putting en attenuator in the sntenna lead. Gain will be about 25 db,
and will be reduced to equal that of the receiver's r—f system by put-
ting an attenuator in the i-f lead.

5 IUVESTIGATION OF THE GUNZRAL FE3.UIRDI LUTS OF A PPI FOR SATISFACTORY
A~J PERFORANCE. ' '

b=l. General Procedure.

F=1-1, An investigation was made of the SC~3 rador
systen to determmine the general requirements necessary in a system for
the PPI to perform satisfactorily in the presence of jamning. The entire
SC~7 system was first given a complete test accerding to parts 2 and 3
of this report. Plates 1 to 16, series 3, show the results of this test.

5=2. Constancy of Gain.

B~2-1l. An analysis of these curves sheowed that
there ras & considerable loss in sensitivity in the unjammed secteor vhen
the receiver was adjusted to dejam the jammed echos Investigation
showed that this resulted largely from the fact that the receiver under
test lost gain in the presence of jamming. To compensate for this, the
gain was increased with the result that, when the equipment moved out
of the jemmed sector and jsmming was removed, gain increased to meny
times nermal end overloaded the system. A curve was then taken of "Loss
in Sensitivity Versus Overall Gain" to show the dynamic range of the PPI.
This curve is included as Plate 22. '7ith a normal anount of noise shove
ing on the PPI the gain will be running at about 30 on this curve, and
tlhus an increase in gain of more than 6 to 1 will cazuse considerable loss
in sensitivity. If, however, the gain in the jammed ccndition is reduced
to the point where only about z the normal amount of ncise is showing,
a change in gain of abeout 25 to 1 can be tolerated. This figure should
nct, however, be exceeded.

H=2-2. ‘wo methods may be used tc limit this change
in goine The first involves operating the tubes at ruduced gain under
unjammec. conditions, If this is done it is possibie to design the bacle
biasing circuits in such & manner as to obtain almost constent gain, re-
gardless of jamming level, The other method is the anplication of AVC to
the video emplifier. This AVC should operate on the video amplifier only,
since it may interfere with coperation ¢f the back-biasin: circuits if
applied to i~f amplifier stages.
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5-3. Characteristics ilecessary in the Video Amplifier.

5=-3~1. The video pass band should be as wide as,
or wider than that of the receiver overall pass band. Under some con—
ditions of off-frequency jamming the signal will come through the re—
ceiver ¢s a beat between the jamming carrier and the pulse carrier, This
beat mey have a frequency (in lc) considerably greater than the recinrocol
of the nulse length (in liicroseconds), and may be lost if the video
pass band is not sufficient. The maximum frequency of this beat is
deternined by the shape of the skirts of the i-f pass characteristic of
the receiver, so no general rule can be lzid down for it. In the case
of an i-f smplifier using single tuned circuits the video pass should
be at least as wide as the i-f pass band measured to the 3 db dom
points. Plate 68 shows photos of the video output of & representative
a~j receiver in the presence of off-freguency jamminz. The beat note
can be seen quite easily in these photos. In one case it is 1.5 ile
and in the other it is 2 liec. The receiver had an overall pass band of
+92 lice The one-sided character of this beat note results from the use
of d~c reinsertion in the videc amplifier.

5~3~2. A wide video pass is 2lso extremely imvortent
from the standpoint of definition.

5-3-3+ The video amplifier should be protected sgainst
bleclking, cr if allowed to blocic should have extremely fast recovery
(Parogrophs 1-5-7 and 1-5-8).

B=3-lt. Protection is best achieved by ths use of a2
shor{~tine-constant video coupling followed by d-c reinsertion. The
use of the shori-time constant not only helps recovery time after strong
echoes but also removes the low frequency energy from long Jamming pulses
and thus helps dejamming action. D-C reinsertion should be applied fol-
lowin~ the short time constant to remove the over-swing ond prevent its
rendering the smplifier insensitive. If a shori-time constant video
coupling is used in the receiver also, it will be necessary to take pre-
cautions against ghost echoes appearing on the PPI. This can best be
.done by means of comnlete d-c¢ reinsertion on the first short time con~
stent ond by making the second lenger than the first.

B5=3-5. Sharp limitin; should be applied in t he video
amplifier following the short time constent coupling. The limiter should
be set to clip both positive and negstive sides of the video signal at
the points resuliing in maximum sensitivity and should be sufficiently
flat to prevent "blooming" of the scope tube on strong signels.

5=ty Interaction of Circuits.

5-U-1, In the present receiver indicator system
synciironization was lost completely with the application of a few micro—
volts (G uv) of 60 cycle modulated jammins signal. Investigation showed
this to be the result of operating the timing circuits in the indicator
from the seme power sunply that operates the receiver video emplifier.
Jhen the 60 cycle signal was amplified by this amplifier some 60 33019"!q5
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modulstion was put on the power supply., This modulation was sufficient
to completely destroy the accuracy of the indicator timing circuits.
Plates 27 and 20, which are described in paragraph 6-2-1, show this
effecte A short-time constant in the detector cutput eircuit cured the
trouble.

5-U-2, The present receiver used a separate supply
for the i-f stages, so no trouble 'wes encountered from them. However, if
a separcte supply were not used trouble would probably result, since
bac'~biasing action causes a change in plote current. This change in
plote current would undoubtedly modulste the power supply voltage and
again recct on the timing circuits.

5-5. Clean Design.

5~5-1. Reference (c) relates to the general design
consicderations of a=j receivers. The necessity of clean design in an
a=]j receiver cannot be stressed too much, Stability, quick recovery,
wide dynanic renge and wide range of gain control are absolutely essential.
Without these, the advantages of special dejamming circuits cannct be
fully reolized.

6. INVUSTIGATION AND RUVISION OF SC-3.

6-1. Preliminary Test.

E=1-1. The SC-3 receiver-indicotor and master PPI
were set up and given & complete a-j test according to the procedures
of parts 2 and 3 of this report. These tests were made using the three
frequency system (paragraph 2-2-3). The results are included as Plates
1 to 16, series 3.

6~2. Analysis of Results.

6-2-1. The first thing that became apperent during
the testing of this system was the very pronounced effect that a very
small amount of low frequency mcdulated jemmin.: has on the synchroniza-
tion of the PPI. Plates 27 and 28 show this effect. Plate 27, top,
shows, in the left-hand half, the effect of S uv of 62 cycle meduloted
Jammings. It will be noted that not only are the light and derk sectors
very pronounced, but the entire sweep is periodically displaced outwards
as is evident from the bulges in the markter. The lower picture on this
plate sheows the FPI with 1000 uv of jamming epplied. In this case the
video signal has been removed from the indicater tube grid so that the
blacl: sectors are removed and the displzcement of the sweep can be seen.
It vill be noted that the sweep is disploced entirely off the screen.

In both the photogrephs on this plate the right-hand part shows the woy
the scope should appear. Plate 25 shows two photographs of the PPI in
the presence of low frequency modulated Jemming at other modulation fre-
quencies. The difficulty was traced to interaction through power SUn-
ply circuits, ‘hen the demodulated low frequency signal passed throuch
the video amplifier, it varied the video amplifier rlate current over ouvmg
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very wide range and this varying current modulated the power supply vol-
tages The modulation of the power supply veltage in turn destroyed the
accuracy of the timing circuits and caused the abnormal P°I operation.
For the present tests two 4C nicrofarad condensers were put across the
150 volt and 300 volt power supply terminals to correct the defect.

6-2-2. The curves of Plates 4 to 16, series 3, show
a consicderable loss in sensitivity in the unjammed sector. This is due
largely to the excessive change in gain as the jamming level drops to
ZETO0.

6-2-3. The definition of the FPPI was found to be
very poor, This results from the narrow pass band of the PPI video
amplificr (only 100 kec).

6-2-L. Recovery time was found to be very long,
being of the order of 2500 yards.

6-2-5. Stability was very bad. ifith the AVC switch
in the short time-constent pesition the receiver would bresk into oscile
lation with about 5 mv of jamming anplied.

6~3. Pronosed Field Chen es.

6~3-1. The receiver was completely revised in an
effort to correct the defecis of section 6-2. These revisions were then
written up as a field change and submitted to the Bureau of Ships (letter
of reference g). Plate 23 shows the circuit of the receiver after the
field chenges have been made. Plates 2H and 25 show the coupling unit
and FPI video amplifier after the field changes have been made.

6-3-2. The difficulty described in parsgraph 6-2-1
was elininsted by the addition of a shert time-constant detector-to-video
counling, This short time-constant completely eliminates the trouble
since it removes the demodulated low frequency signal before it enters
the video amplifier and thus prevents power supply modulation. The rizht-
hand helf of the photographs on Plate 27 show the PPI with the short-
time censtent in.

6-3-3. The belanced video circuit was remcved when
this short-time constent was put in. Zxperience has shown that this
balanced video circuit is not as useful as it was expected it would be
viien it vas developed. It is primarily for use against "railings"
Jarming end, since "railin s" are ineffective against an "A" scope, =nd
a good videc limiter males them ineffective ageinst PPI, they are not
used to ony great extent.

6~3-l. The defects described in paragraphs 6-2-2,
6-2-L, ona 6-2-5 were corrected by revision of the back-biasing circuits.
Since the design of this receiver a great desl has been learned sbout
back=bias circuits, and in the light of this knowledze the circuits of
this receiver were revised to secure better performance.

Ty o .
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6-3-5. The definition of the PFI was improved crectly
by broadening both its pass band and the pass bend of the receiver video
amplifier. Plates 19 and 20 show t he video pass charascteristics of the
receiver ofter the proposed field changes have been made.

6=, Results.

6-U-1. A finsl check of the receiver after these
field cheznges had been made showed censiderable improvement. The re—
ceiver was perfectly stable even with 100 nv of Jamming applied and the
"AVC" (baci-bias) in the short time constant position. The recovery time
was reduced to about 700 yards and the ratio of maximum te minimum zain
as jaming was applied was reduced to well within the dynamic range of
the PPI. A-J perfomance hes been improved as is shown by Plates 1 to
16, series A, It should be noted that the unjammed-sector curves of
Plates 5 to 16 do not apply to this receiver. Plates 31 and 32 are photos
graphs of the field-changed receiver.

6-5. Video AVC.

6-5-1. A more complete revision of the video system
of a receiver was made to include an AVC system. This AVC helped to
limit the change in gain as the Jamming level was veried and thus helped
to imdrove perfomence in the unjemmed sector of the PPI. Plates 1 to
16, series A, apply directly to this receiver., Plates 17 and 1G showr
its video pass characteristics for "A" and PPI scopes respectively. It
will be noted that they are scmevhat better than for the field-changed
unit. Plates 33 and 34 are pPhotographs of this revised receiver, and
Plate 26 is a schematic diagram showing the extent of the changes made
to it.

6-5-2. It will be seen that the circuit used on the
6SA7 AVC tube is very unusual, It was necessary, in order to keep the
polarity of the video signal correct, to use a tube that would not re-
verse phese. The 6SA7 has an unusual grid characteristic in that the
third grid merely diverts current from plate to screen, with the resuli
that grid-screen Gm is the same as grid-plate Gm, but of opposite poler-
ity. Output may therefore be taken from the screen circuit toc secure
in-phose amplification with only the slight loss in gain due to the de-
generation csused by the swinging screen.

6-5-3. The AVC system operated satisfactorily but
the overall gain was not sufficient to get the sharp gain-limiting action
necessary for a censidersble improvement in performance of the systen,
The available chassis space was not sufficient to pemit the installation
of the more complex system that would have been required to obtain higher
gain and sharper gain-limiting action.

6-6. Conclusions.

6-6-1. The field changes made to this receiver
bring it as nearly up to date in a~j features a2s is possible without
constructing a completely new receiver.
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6-6-2. The use of an AVC circuit in the video is
not of sufficient value to warrant its inclusion. It does somevhsat
improve performance in the unjommed sector, but in the space available
in the present chassis sufficient gain cannot be had to fully utilize
en AVC system.

6=T. Homenclature.

5 6~7-1. In the present receiver the baci=bias cir-
cuits have been called "AVC" circuits. This is undoubtedly an unfor—
tunate nome. The bacii-bias circuits are not "AVC" or MAGC" circuits. One
of the besic requirements of "AVC" or "AGC" circuits is that the ampli-
fier remein linear to the signal being handled, while the oppesite is

the cose in back-bias circuits. TFor them tc operate the amplifier must
be driven beyond cut-cff, into the rezion of class C operation, and hence
becone non=linear. For this reason the use of the temm "AVC" may lead

to coniusion and is not to be recommended.

Te DEVOLOP ENTAL TESTING OF THD AL/ TPS-13 A-J RUCLIVER.

7=-1. General.

7-1-1. Three models of the Al/TPS-1B receiver have
been tested at this laboratory and letter renorts on these tests have
been submitted (references h, j ond k). The following is a general sum—
mary of this work and is intended to show the general procedure follored
in thc development of an a=j receiver.

7-2. Pirst Brototype.

7-2-1. The first prototype was brousht to this lab-
oratory from 3ell Telephone Laborestories (vhere it was designed and con-
structed) for test early in April (1914). It had been designed to in-
corperate emplified bacik-bias, but it was found that this back-bias
was epplied to too many stages from a single amplifier tube., This re-
sulted in a reduction of jain in all stages without driving any stage
intec class C operation, so that the system operated as an "AVC" system
ratiier than as a baci=-bias system. This difficulty was cured by dis-
comnecting all but the lasttio i-f stages from the boci-bias amplifier
and puttin; non-amplified baci-bias on the stages thus disconnected.
Considerable difficulty was experienced with oscillatien in the ampli-
fied baci:-bias loop, but when this was cleared up the receiver wes sat-
isfactery,

7-2-2. The difficulty experienced with oseillation
in the mplified back-Dbias loop led to the belief that non-amplified
baci=bias on all stages would be more satisfactors. For this reason
it was decided to use it throughout on the second prototympe.

7-3.. Second Prototype.

7-3-1. The second prototype was brought to this
laborstory for test early in llay (1044). It used non-amplified bacl-
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bias throughout but was found, even so, to e unstable. A study of
this instability revealed that it was the result of the combinaticn of
two effects. First, the i-f amplifier had considersble gain at video
frecuency, =nd second, the decoupling in the powver circuits was in-
sufficient at these video frequencies, with the resm:lt that the i—f
amplifier oscillated at video frequency. This wes easily remedied by
the oddition of several condensers to the power supply decoupling ci r—

* o - & = -
cuits. These condensers were of about % micrefarad capacitance, and

after they were added the receiver was perfectly stable even with 200 mv
of jamning applied to its r—f input terminsls and with maximum gain,

7=3-2. The receiver was then tested according to
Part 2 ond Section 3-6 of this repert. The results of this test shomed
the receiver to be excellent when compared tc other receiversthat hove
been fested at this laborstery. It was therefore, decided to use this
system for the final receiver.

7-4. Third Prototype.

7-U<1. The third prototype was brousht to this lob-
oratory for test early in September (1944). This unit was in general
the same as the second, differing only in that it had been “"cleaned up”
and vos in a form suitable for manufacture. The purpose of this test
was to secure date on the receiver actually to be menufactured. The test
devicted from this purpose te the extent that two slight modifications
were made to the video system to improve performance.

T~5. A~J lieasuvements - "A" Scope.

7-5~1., The overall pass characteristic was measured
by the method of paragraph 2-10~4, and is included ss Plate U1,

71-5-2. The a~j characteristics were measured by the
method of Part 2 of this report, using the schedule of paragraph 2-5-1,
and are included as Plates to 47. Since measurements on the two
previous protetynes had been made according to the schedule of paragraph
2=2=3 ond plotted in the form described in paragranh 2-3-1, the neces-
sary date wes taken from Plates L to U7 =na re-plotted in the form of
paragrepsh 2-3-1, so that this receiver could be compared directly with
the previous prototvpes, Plates 4. to 51 show this re~-plotted data.

7-5-3. A check of stability showed no sign whatsoever
of regeneration, at any gain setting, and with any jamming level up to
the test naximum of 200 mv applied to the r-f input.

7-5-l. The video pass characteristics were measured
and found toc be satisfsctory but pemitting some improvement. The short
time-constent detector-to~video coupling in this receiver uses a 2 mh
choke in parallel with o 150 wuf condenser. This condenser is used to
Jower the reconaut frequency of the circuit to match the pulse=coriponent
frequencies better. It has been found at t-is laboratory that the
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capacitonce in this circuit should be kept as low as pessible. The cir-
cuit wes therefore tested with this condenser removed. Plate 42 shous
the video response curve of this civcuit as well ss that of the original.
Plate QQ shows the unjammed sensitivity and the loss in sensitivity as a
function of modulation frequency. The loss was measured using 1 mv of
Jamning 200 ke off frequency. It will be noted thaot the revised short
time-constant gives an improvenent in performance of 1 to 3 db depending
on moduletion freguency.

7=5-5. The curves of Plate 43 show what is apparent-
ly a reduction in the loss in sensitivity as the modulation frequencyr is
increcsed beyond about 200 kee This is not a true reduction in less. It
results from the fact that the generator used as Jemmer did not medulcte
well above about 200 ke, This gave a progressive reduction in percent
modulction as the modulating freouency was raised. This does not, however,
affect the validity of the results since only the relstive losses at
each frequency are of interest,

7=5-6. In reporting the tests of the second proto-
type of this receiver, it was recommended thot d-c reinsertion be applied
following the short time-constont by operating the first video tube ot
zero Diase This is done in the present receiver but no protective resis-
tor for the diode formed by grid and cathode of the video amplifier tube
has been put in. This resistor, which must be put in te secure correct
operation, should be in series with the grid, and should be between the
short time-constant circuit and the video amplifier tube. Plate 42 shows
the videc response curve after it has been put in, Plate 43 shows the
unjammed sensitivity and the loss in sensitivity as a function of modu=
lation frequency. It will be noted that the inclusion of this resistor
gives en improvement in performance of 2 to 5 db over the first change
and of 3 to 5.5 db over the unchanged receiver. Unjammed sensitivity is
improved about 1 db. These results are in line with what would be ex-
pected from previous experience.

7=6. A-J ileasurements - PPI.

7-6=1. Ho direct tests of a-j performance on a PPI
were node. A check was made by the method of section 3-05. The curve
showing gain versus jamming level is included as Plate 52.

7=7« Limit Tubes.

7=7-1. This receiver was alsc tested with limit
tubes in the i-f amplifier. Two sets of linit tubes were used. One
set had the maximum input cspacity allowable under JAIT specifications,
and the other had the minimum Gm allowable. The results of these tests
are included in Plates 52, 53, and 54, They show that tube character—
istics have little or no effect on receiver performance.

7=G. Results.

{=86=1. The a~j characteristics of this receiver
are shown in Plates 4 to 51, The loss shown by these curves is in
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line with what would be expected from experience with other a-j re-
ceivers. The chonge in gain os jermingz level is changed is well within
the drmenic ronge of a PPI gnd is entirely satisfoctory. Stability ond
recovery time are excellent.

7-6=2. Plates U4 to U7 show two pesks of loss dis-
Placed zbout 2 Iic on either side of the zero=beat peak. These pesks, or
"side loves" if we borrov from sntenna teminclogy, are the result of
skirts on the i-f pass characteristic which sre not sufficiently steen.
There is enough pass 2 lic of f frequencs to allow the jamming signal %o
pass througlh the i=f amplifier and beat with the echo carrier in the
detector, nroducing & beat note pulse of teo high a frequency tc pass
throug: the video amplifier,

. TLSTIIG OF KD X3F-1 HMODEL MO, 1 RSCEIVER.

~

G=1., General.

§=l=l. Two models of the X3F-1 ilodel llo. 1 recelver
wvere tested at this laboratorv. The first of these was a test model usad
in the development of the eircuits for the final necdel. The second wes
the finpl receiver to be used in the ABF-1 system.

S=2. Descrintion of the Receiver.

G=2-=1, The XBF=-1 llodel iic, 1 receiver uses twc =7
stazes, converter, oscillator, eight i-~f steges emnloying non-amplified
bacl=biss and varisble bendwidth, dicde detector, snd a single stase of
video anmlification. Plotes 69 to 71 show front, top and bottom views
- of the receiver. Plate 05 shows o schematic diagrem of the receiver cir-
cuit.

&-2-2, 'Thile the pre-smplifier is nct strictly rithe
in the sccwe of tliis peper, it nmerits 2 description because of its novel
features, It consists of two r-f stages, the oscillator, ond the con-
verter; ¢ll are tuned by means of & single tuning control on the froant
panecl. Primmers are provided on the side of the unit for alignment. Ik
two r=I stzges are identicasl ond consist of capzcity-tuned concentric
tank circuits using "lighthouss" tube amplifiers. The converter uses 2
sinilor circuit for its zrid-catiwode tenlkk, and its plate circuit feeds
into the first i-f stage. The oscillator, alsc usging 2 "li-hthouse!
tube, cousists of a cepecity tuned re-entresnt tank using a2 "lealy" grid
pedestcl for field penetration to obiain the feedback necesssry for oscil-
lation. It is so proportioned that it will track the r-f and converter
stazes directly. Plates 72 to 74 show photographs of the pre-amplifier
particll; disassembled. The genersl arrangenent of the psrts can be
seen in ithese photographs.

3-2-3., The i-f omplifier consists of eight stages

using QIC7 amplifier tubes with non-amplified back-bias spplied to all
stages but the first, which is a2 "standard" stoge. Gain is controlled

T -22-
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by controlling grid bias on the second r~nd tiird steges. Preovision is
also node for spplying a delayed sensitivity control to these grids.
All i-f tronsfommers are double tuned, using slug tuning, with the ex—
ception of the third, which is a2 single-~tuned variable-bondwidth treas—
former. Itus bendwidth is controlled by controlling the resistsnce
across i%, and gain is sinmultenecusly ecuslized by changin ; the catiode
recigfor of the second stage.

&=2-U4. The detector is = GH6 diode which supnliss
negetive output and is coupled directly to o BGACT video amplifier. A
relay, opernted by either a lcczl or a renote switch, comnects a small
¢holke ccross the detector cutput for "inductive" short tine-constent.
D-C reinsertion is accomplished by operating the grid of the first video
tube i zero bias.

i=J. Developmental iliodel.

~3~1. The final circuit of the developnental rodel
of tiilg receiver was identical with that of the final receiver excent
for tiie pre~anplifier. Since developuent woric on the pre-amplifier wis
net yet ceciiplete, the receiver was tested using ancther pre-amplifier
sinil-» in gein and sensitivity characteristics but lacking the single~
dizl-voning feature,

&=3-2. This receiver was given & complete test =zc-
cordin; to Parts 2 ond 3 of thiis maper. This test was made using the
three~frecuency schedule of paragranh 2-2-3. It showed the o-3i chor-
acteristics to be satisfactory vhen compered to other receivers tested
at this lobersatory.

Gell,  A-J llessurements - "AY Scome ~ Final iiodel.

G=li=1. The video pass charscteristics were mesgsured
and are siiowvn in Plate Ha.

SHM—E, The oversll pass was measured by the method
of paragreph 2-10-Y4 snd is shown in Plate 52

8-l-3. Complete a~j tests were run in sccordaice
vith the procedure of Part 2 of this report. The results of these are
included s Plates 60 to 63.

S=lill, Serve-scope traces showing receiver recovery
time were photogrsphed. These photographs sre included as Plates 66 znd

67.

G-5. A-J Measurements — PPI -~ Final liccel.

&-5-1. 1lic direct tests of a~j perfomance on a FrI
were ucde. dowever, fFI performance was checked by the method of Section
3=5, The curve showing gain wversus jam level is included as Plate G,
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G-6. Results = Pinszl lodel.

§=6-1. The receciver was excellent from an o-j
standooint. "A" scope perfommance wss as good as that of any other re-
ceiver yet tested. ''ith various jemmins levels the increase or decresse
in gain did not exceed 255. This promises excellent ZPI perfommsnce,

§-0~2. Plates 06 and 67 show the recovery of the
receiver from a strong pulse (50 nv). These vhotogrsphs show ne indi-
cation 1lietsoever of delay in recovery, there being "ncise" showin; ou
the troiling edge of the pulse. Plate 66, lover, siiows the recovery
fron o 5 usec pulse vhen the short time-constent (F.7.C.) is in the cir-
cuit. In this case the receiver is essentinlly back-to-nomal 4 usec

after the start of the pulse.

0~T. Points of Special Interest.

o=7=1. It will be noted that the lcss in sensitivity

sho'm for cw jemning is a maximum of 24 db. This loss is pertly due to
bad Hulse shepe from the simulated-eche zenerstor. The direct detector-
to-viceo coupling used in the receiver necessitated the use of the short
time~ccnstont to prevent overloading of the video by the d-c outonut of
the cetector. The pulse from the simulsted-echo gener-tor hod 2 long
build=up time and therefore suffered a loss in the short-time-constont
(7.2.C.) coupling circuits The loss using on actusl echo pulse with its

siort brild-un time was 5 to 10 db less than that shovn in the curves.

&6=7=2. It will alsc be noted that the curves are
distinetly assymetric. This results from the assimebry of the overall
pass clerccteristic as shomm in Plate 59

8=7T-3. The pezks of loss which appear disnlaced
sbout 27 lic from the zero-best peak are the result of the video pass
bein; sonevhat narrow for the particular i-f characteristic. In the pres-
ence of off-frecuency cw jamming the pulse comes through as a beat be-
tween the echio and the jamming. If the jamming is strong snd several
megacycles off fregquency it will get through te the detector and c-use
this Deat, which, unless the videc pass is sufficient, will not pass
throush the video amplifier., PFlste 6& shows two photographs in which
this Dbeat is visible. The one-sided character of the beat is due to
the use of d-c reinsertion in the videc smplifier, In this receiver
there is a slight loss in the "side lobes" resulting from this effect.
But it is not sufficient tc warrant an increase in video bandwidth.
o] TESTING OF T KBF—I #ODEL 110, 2 RECTIVER.

e

>=1. Genersl.

8-1-1. Although the A37-1 iodel lNe. 1 receiver vas
entirely satisfactory, = new test receiver, the 5P+l !.0del lo. 2 has
been built in the hope of learning more about znd inproving the perfori=
ance in the gerc-best area. This receiver was tested with several systens
of emplified back-bias (recently developed at this lzborstory) which
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showed »ronise of giving this inmproved performance in the zero-beat arcs
without the instability often encountered in amplified-back-bias systens.

9=-2. Description of the X3F-1 ilodel ic. 2 Receiver.

9=-2=1. The receiver, XBF-1 i.odel 'o. 2, uses eizht
i-f stoges and o dicde detector with permanently connected short-tlue—
conﬂt ut (F.T.C.) coupling to its single-steze video amplifier. The 7.T.C.
is left permanently connected only for the scike of simplicity, and in
the fianel receiver it will be controlled by a switch. Ho r~f unit heos
been Huilt into the test-model receiver.

O0-2-2. The first two i-f stoges used GACT7 tubes
and werc nomal stazes, unprotected excent for abnomally high cathode
resistors (L70 ohns), with the resulting high srid-bias and slight enount
cf non-oiplified back-bias. The last siz i-f stages were arrsnged in
pairs cs (escribed in Sections 2~5, 9=8, or 3-9 according to the baci=
bias system being tested. The detector was a 6H6 diode and fed through

an "ircuctive" short time-constent circuit into 2 sin-le staze video
amplifier using a 0AC7.

9-3. A-J lieasurements - "A" Scope.

9-3-1. In each case the receiver wes set up for
test using an r-f unit from an obsolete receiver. This r-f unit, which
was used sinply beceuse it hapmened tec be available, had gein and sen—
sitivity characteristics similar tc those of the licdel 'g. 1 receiver.
The reiainder of the test set-uv was as described in parsgreph 2-1-2.

9-3-2. A-J tests were run on esch system by the
methods cof Pert 2 of this report.

O-35=3. Overall bandwidth was messured by the netihod
ef parogrsph 2-10-L,

9-3-4. The video pass characteristics were mesasured
end plotted. Although ne switch is provided to disceonnect the fast tine
constont in the test medel, one will be incecrpereted in the final nedel,
so Uiils iUest was made both with and withont F.%Y.C. coupling.

9-3-H5. Recovery time of each system was checked on
8 SEervo—Scobhe.

9=3-6. A check of stability was made on each systeun
accoriin_ to the method of parsgraph 2-10-7.

o-L, A~J lieasurements - PPI.

9-4-1. o direct tests of performance on a PPl
were iioée. Instead the change in gain was measured for each system to
checiz the expected PPI performance.
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9=5. First Back-Bias Systen,

9=5-1. Plate 83 shows a pair of steges usin: the
first system tested. Operstion is as follows: ihen = stronzg signal is
epplied, the second tube. will draw more current =nd increase its coatliode
bias. lhen this happens the potential of the dicde catiode will rise
in 2 positive direction and will cut off the diode current, allowing
the first tube te bias itself back as its plate current charces the con-
denser in its cathode circuit. The first tube cannot be overlocded be-
cause of this back-biasing sction, while the second will not overlosd
becense of its relatively high bias and remcte cut—off characteristic
end its small omount of non-amplified back-bizs sction. ‘hen the signel
is renoved the second tube will return to nermal, and with the drep in
catiicie voltage the diode will asain begin to conduct and will discharce
the cendenser in the cathode of the first tuve through the 300 ohn re-
sistors Since the condenser is dischar-ed thircuzh the 300 ohnm resistor
and diode (total resistance of about 500 ohns) instead of through the
2200 oim resistor nomally used in non~amplified back-bias, it may be
made 1 ox 5 times larger without increasing recovery tine. At the sone
time the use of this larjger condenser increases build-up time. Since
the loss at and in the vicinity of zero best is r function of build-un
time, pDerfemmance in this erea is inproved. As in nen-amplified systie s,
the opercting voltazes of the tubes end the circuit constsnts may ve ad=-
Justed Yo give extremely low change in gein as the jamming is applied.

9-5-2. This, circnit has shown ne tendency toward
regeneration or instability. The only possible feedbaci path is through
the diode, snd since the by-pass capacitors hove a recctance of the order
of 2 oimis at the intermediate frecuency there is little chance of feod-
becic here. Turthermere, a choke, parsllel-resonsnt at the intemmedicte
frecuency, may be put in this lead without detrimental effect.

9-5-3. The curves of Plates 78 to 81, showing the
resulis of the a~j tests, show the performance to be about the same as
that of the XBF-1 liodel Ho. 1. The prrt of the curves siicwing loss in
sensitivity in the vicinity of zero beat are narrower =nd shallower Tor
this system then for the ilodel i'o. 1 receiver when the Jjemming is cw cr
low frecvency mew. This is ag was expected, but the curves are broader
and desper for high-frequency mew and for the combination low— ~nd nihe
frequency mcw. ZIxamination shows this to be the result of the lonzer
builleup time, “'hen high-frequency mew is encountered, the longer
builé~up time reduces the degenerstive effect of the baci~bias circuits
on the ncdulation components of the jerming and thus reduces the dejan-
minz sction.

O-Gel, The perfcrmance at or near zero beat is not
of grect importance since it is highly inprobable that Jarmming in this
region will ever be encountered. On the other hand, high-frequency necv
is alreedy in use by the enemy and is very lilrely to be encountered.

For this recson it is probably best to use the shorter build-un time
even thcuzh it does entail a slight sacrifice in perfomance in the zero-
beat crec,

Vs y: i
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9-5=5. Plate (2 shows a meximum ratic of gsins of
5/1 w>y te 10 nv Janning levels This is not as good as the lodel Ho. 1
receiver but is still satisfactory. Stoge gain of these i-f stages waos
slightly better than for the non-smplified back-bias stages of the ilodel
No. 1 receiver.

0-5. Revision of First Sstem.

=

9-0-1. Revisions were made to the receiver to checi
perfornance with faster build-up. Condensers marked C in the eircuit
disgren (Plzte §3) were chansed to 50C udf, This gave a build-up time
abeut ecual te that of the model Ho. 1 receiver and a recovery tine
about 1/5 as long.

9-6~2. The receiver was then re-tested. The resulis
of tiils test siiowed the curves to be slightly brosdened znd deenened on
4o

cy so tiwatl they were sbout the same as the curves of the iicdel o, 1
receiver,

C=7. Re-Check With cua-Amplified Back-Bias.

O=7-1. To ascertain definitely that there was no
unforeseen circuit peculiarity that was affecting the results of these
tests, the receiver was converted to the circuit of the ilodel Hee 1
receiver and again checked. The results of this check were the same os
the results given for the ilodel Wo. 1 receiver in Part & (except for the
absence of "side lobes™ on the loss curves).

9-6. Second 3ack-3ias Systen.

O-G=1. The last six i-f stages were then revised
to use the pairs showm in Plate G, Operation of this revised pair of
tubes is as follows. Then a signal is applied the second tube will
draxr o siall amount of grid current and develop a small amount of zrid
bias across condenser Cy and resistor Ry (ordinary grid detection).
This ;rid resistor is purposely mazde high enough and the grid condenser
made lov encugh that appreciable signel power will not be dissipated snd
the anplifier will continue tc amplify. However, the negative bias
developed on the grid will bias the tube back and prevent sppreciable
sring into the positive grid region of the tube's characteristic. At
the same time, this negative bias will reduce cathode current, cause $ie
cathoCe to 7o nezative, and bias back the grid of the first tube. (Then
the signal is renoved, the bias on the second tube will drop to zerc, the
secon(. tune will recover to normal, snd at the same time return the first
tube e normsl. 3uild-up and recovery times are egual, since the second
tube, with its grid returned to catlhode, =cts like & high resistance
instezd of as a cathode follover.

9=5-2, The complste results cbisined with the second
systein i1l not be given here since they show no amnrecisble improvenent
over the iwodel No. 1 receiver. Turthemrore, this second circuit sheoved
signs of slight instability, and therefore should not be used in any
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receiver for fleet service. It is essentisl that a receiver, especially
an z=j receiver, be absolutely stable., Thus, no circuit which,shows a
tendency toward regenerstion should be used, especially if its perform-
ance charzcieristics can ve duplicated by 2 circuit vhich is inherently
stablee.

9~8~3. Like the first system tried (Secticn 35),
this system had slightly more gain per staze (with the same constancy
of gain as jamming is spplied) than the non-smplified becik-bias system
of the llodel Ho. 1 receiver.

0=9. Third Back-Bias System.

9-9-1. The last six i~f stages of the receiver were
then revised to use the pairs of stages of Plate G5. Operation of these
pairs is as fellows: Vhen a signal is awplied, the second tube will bias
itself Dack in the ncrmal manner for a nen-amplified back-bias stage, ut
in so deiag it will also bias the first tube back throuzgh the common
cathode connection. When the signal is removed both tubes will return
to nomel. The use of a power tube as the second tube ellows a relative-
1y smell resistor to be used in the cathode circuit; this in turn allows
the use of o relatively large by-pass condenser without sacrificing fast
recovery. In this circuit the recovery time is slower than the build~up
time since the second tube is acting as a cat ode follower. It is not,
however, ag much greater as in the case of non-emplified back-bias since
the seccnd tube has a remote cut-off characteristic and will not be
completely cut off on recovery, as will the non-amplified stage.

9-9-2, This system alsc showed approximately the
same g~j characteristics as the non-zmplified system used in the ilcdel
No. 1 receiver. Like the other two amplified back-bias systems (des-
cribed in Sections 9~5 and 9-~8) it had more gain per stage with the same
constenc;” of gain as the jammin: level was varied.

0=10. Revisions of Third System.

9-10-1. The third system was then revised tc use
GACT's throughout, This revision showed no improvement over the system
as tried criginally (Section 9-9).

0~10-2. A second revision was then made converting
the system to use GAGT's throughout. This revision showed some invrove—
ment over the eriginal third system. However, this improvement was not
sufficient to be of any consequence and did not make this system enougzh
better than the non-amplified system of the ‘‘odel Ho. 1 receiver to war-
rant its use.

9-11. Zero-Beat Performance and the Cathocde Condenser,

O=11-1. In 211 work up te this time it had been
assuned (without prbof) that the zerc—beat perfermance was a function
of the size of the cathode condenser, The tests so far described did not

T A i
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seem to shov this to be the case, so it was decided to check it
directly,.

0~11-2. The amplifier was set up using non-amplified
baciz=bizs as in the lodel lige 1 receiver and tested with cethwode con-
densers of three different sizes. lio sttention wes paid tc recovery
time in this test since no prsctical use was to be nade of the amplifier
with the lar;je condenserg in the cathode circuits.

0-11-3, Table III shows the results of this test.
It shows cuite clesrly that the zero-beat performance is imnroved as tie
size of t.e condenser is incressed, however, this imorovenent is a very
slow function of condenser size.

0-12. Conclusions.

O~12~1. The zero-beat perfcmmence of the receiver
cannot Le noticeably improved by the use of amplified back-bias. A
slizht irmrovement can be obtained but zeoro-beat -performance is a
very sleir function of condenser size and tihe incresse in condenser size
that con be realized is limited by recovery time to such an extent thet
the immrovenent obtainable in practice is very small, The use of ecmpli=-
fied bseci~bizs will generally reduce effective recovery resistance by &
factor ¢f only about 6 to 1, and this much increzse in condenser czpacity
will sive an improvement in zerc-beat perfcermance of only sbout 5 db. A%
the secme time, since the build=up time is increased in order to obtain
this eli.at improvement, a loss will heve to be tsken in performance
ageinst nigh frequency amplitude-modulated cw.

0-12-2., If the build-up time (and hence the zero
beat nerformance) of an amplified back-biss systen is made the same cs
thet of o non-amplified back-bias system, the recovery time can be made
much siorbter. This being the case, it would be expected that the ner-
formance ageinst high frecuency amplitude-modulated ¢ could ve improved.
The test of Section 9—6 indicates that this is not true. It is not,
however, a conclusive test. As soon as suiteble generaters are avail-
able, 1i.cse characteristics nake relizble messurements using hizh fre-
guenc;” ¢plitude-modulated cw nossible, further tests will be run on this
subjects.

9=13. Points of Special Interest.

9-13-1. "Side Lobes" of Loss, Plates 75 to Ol siow
nc "side lobes" of loss as appear on Plates 00 te 63. A comparison of
Plates 76 cnd 59 shows the reason for this., The iiodel ¥os 2 receiver has
very steep skirts on the overall pass characteristic and thus rejects
the off=frecuency jemming vhich would produce the beats shown in Plate
68. On the other hend the siirts of the pass band of the liodel ¥o, 1
receiver are very brosd and allow the jamming to pass and cause this Deat
note wiich is rejected by the video.

oo BRGRREE S
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9~13-2. Apnarent Gein in Sensitiviiy in the Presence
of Jamming. The curves of Plates 78 to 61 show areas of spparant gain
in seusitivity in the presence of jamming between .5 snd 1.0 Me off fre—
quency. These ere not true gains but are the result of a2 slow build~un
of the echo generstor pulse. This slow build-up caused a2 loss in the
7.7.C. detector-to~video coupling., This is & loss which would not be
suffered by a pulse with sharp build-up, such as an actual echo pulse.
Thus, thie true zerc of the curves would be three to five db sbove the
zero esteblished by the tests. This loss due to slow build-up is not
suffered in the presence of jamming .5 to 1.0 ke off freguency, since the
dJemmin’ Deats with the eche to produce a best note which falls within
the pass band of the video amplifier (Plate 75 =~ Short Time Constant In).

10. Al PLIFIID VIRSUS NON-AMPLIFIED BACK-BIAS.

The worlk covered in Parts 7 to 9 of this report led to the
genersl conclusion that non-amplified back-bias is as satisfactory as
amplified bacik-bias in its performicnce characteristics and perhaps more
satisfoctory in other respects. The following is a summary of the fac—
tors leading te this conclusion.

10-1. Constancy of Gain.

10-1-1. Plate G4 shows the varistion in gain of the
XBF-1 lcGel Jo. 1 receiver to be about plus or nimus 25> ss the jarming
level is incressed from zero to 50 mv. This variation is sbout the sone
as thot obtained in the best receiver using amplified back-bias that hes
yet been tested at this laboratery. It not only indicates that per—
formence on a FPI will be excellent, but slso that such a system using
non-armlified back-bias could be adapted to fire-control eguipment.

10-2. HNumber of Tubes.

10-2-1. The gain per stzge in a non-znplified baci=
bias sysiem will generally be lower than in an amplified back-bias
system. This will result in the use in a larger number of i-f stages
in some cases. In others, however, the imnrovement in gain secured by
the use of emplified beck-bdias is so small that not even one stage can
be digrensed with.

10-2-2. 1In the case where fewer steases can be used
the number of tubes will not be smaller. In most amplified back-biaos
systens several extra bacl-bias amplifier tubes must ve used, with the
result it the final number of tubes will be about the ssme in either
case. A receiver similer to the XBF-1 liodel Fo. 1, but using amplified
baci=bics used only six i-f stages but had a total of eight tubes in the
i=f simlifier.

10-3. Recovery Time.

10-3-1. Plates 66 and 67 clearly show that the re-
covery time in a non-amplified back-~bias system can be made extrenely
short (Barngraph &-06-2).

e »
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10-4. Zerc Beat Performence.

10-4-1. The zero-beat performance of an amplified
back-bins system can be improved only about 5 db over that of a non-

amplified system, and this entails a loss in performance against ligh
frecuency amplitude--modulated cw,

10-5. EHigh Frecuency Amplitude-iiodulated C/ Performence.

10-5~1. As yet tests do not show eny improvement
" in the performonce of an amplified back-bias system against high-
frecuency emplitude-modulated cw over the performance of a non-amplified
systen. These tests are not as yet conclusive, but do indicate, at
least, thet if any improvement actually can be had it will be very small.

10-6. Stability.

10-6-1. HNon-amplified back-bias circuits are in-
herently very stable because of the slight degenerative effect of the
high-volue cathode resistors. On the other hand, anplified back-bias
circuits are likely to be unsitable because of the feedback path created
by the baecl=bias loon.

10-7. Simplicity.

10-7-1. One of the most impmortant adventages of non-
amplified back=-bias is its simplicity and ease of servicing. All stages
are ilentical, excent for the spplication of gain contrel to seme, and
are perfectly standard e:xcent for the high cathode resistor and the
biasing of the grid. In mony systems the zrid is returned te grund
with no nesitive bias being necessary, ond in that case the only 4if-
ference fron a standard i~f stage is in the value of the cathode resis-
tor. Tihis simplicity greatly reduces the problen encountered by fleet
radar technicians in understanding and spsedily servicing ecuipment.

10=Ge  Controls.

10-8-1., Operation of the a-j centrols in a pronerly
desizned neon-snplified bacl=bias system is extremely simple. The gain
control is non-critical and nc overload tekes place at even the highest
Jam levels for any setting. Thus, the operation of this contrel is nor-
mal even viien heavily jsmmed, znd it is not really an a~j contrel. The
receiver 1will gecnerally have a2 siiort time constant detector-to-video
coupling, end the switch which operates it will be the only true a=j
control. It will not, of course, be pessible to suffer a loss in sen-
sitivity due te inproper adjustment of this centrel in the absencs of
Jemnin, since unjemmed verformence is not adversely affected by its veing
turned on, '

10-0-2. If it were not for the necessity of using
an echic wox on the system in tuning it up, it would be possible to malte
a2 receiver such as the X3F-1 ilodel lic. 1 entirely antomatic in its de-
Jjemninz cetion. It would only be necessary to leave the 7.T.C. in at
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all times. Yhe receiver would then zutonatically dejam all eciwoes b
the best of its 2bility end vitliout sufferin: any loss to unjsrmed
echoes.

10~9, Anti-Clutter Performance.

10-9-1. The use of fast-acting bacz-bias circuits
(IAVC) to work through ground, ses and cloud clutter is one of the most
importont uses of a-j circuits. The performence of & receiver agrinst
this clutter is determined largely by its recovery time.

10-9-2, The recovery time of a non-amplified baci-
bias srstem can te made extremely short (Paragraph 56-0-2) and thus it
will pexform extremely well in this respect. Theoretically, the recovery
tine of en amplified bacl=bias system can be made sherter than that of =
nen-a:iiplified system using the same build-up time. It would therefore
be asosumed that it would verform better in this service. Prelininary
tests, whiich unfortunately cannoct be termed "conclusive", indicate that
this is nct the case, that, in fact, non-amplified will perform just
as well szainst clutter as saplified will,

10-9-3. Plste 66 shows the recovery of a tyvical
neon-grplified bacic-bias system. It will be seen that recovery is con-
plete -- usec after the start of 2 5 usec pulse.

11. SUl1ARY.

Although =11 the points te be brought out in this part heove
been brought out and discussed earlier in ti:is report, ther will, for
convenience, be collected and presented here, with references to the
earlier divisions of the report in which a complete discussion of these
peints ill be found.

11-1. A-J Receiver Design Considerations.

11-1-1. I-F Pass Cheoracteristics, The sitiris of
the i-f ness sliould be attenusted as much as possible. The use of an
excessively wide pass in most stages with only one or two stages to
linit the pass bani is not reccrmended. Refer to paragrephs &=T=3,
E’.llt". _",\"'lj"'l -

11-1~2. Back-Bisns. If overload protection is secured
by mesns of back-bias protection of the i-f amplifier, non-emplified
bacl=Dias will perferm as well ss if not better than smplified., Iefer
to Part 1C,

11-1~-3, Chanse in Gain. The circuit constants and
cperciing veoltages in the baci-Dbiased amplifiers should be adjusted to
give the least possible change in gain as jamming is applied. Refer to
Section 323 Paragraph 6-5-1.

e > g
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11-1-4, Bock-Bias Time Constant. The bacl=bias time
constant should be made as shert as possible consistent with geod un-
jommed performance. Refer to Section 9-11; Paragraph 11-2-2.

11-1-5. Recovery Time., XRecovery time should be made
as short as possible. Refer te Paragrophs 1<5-7 and 1-5-o.

11-1-6. Detector. In most cases 2 diode detector
js most satisfactory because of its linear characteristic and wide dy-
ngiiic range.

11-1-7. Video Pass Band. The video pass band for
both "A® scope end PPI video amplifiers should be wide enough to pro-
vide ;ood definition and to pass the beat between off-frequency jamming
and eclio carrier when there is insufficient attenuation in the skirts
of the i-f pass. This will often be consideradbly greater (Mc) then the
recinrocal of the pulse length (usec).

If the first videc stage is operated with d-c re-
insertion applied to its grid so that the beat is detected, the video
pass oy be narrowed tc nomsl in its plate circuit and in follewing
circuite. However, in all cases the pass band of the detector and viceo
input circuits should be wide enough to pass any beats that may occur.
Refer to Paragrophs 5-3-1 and 5-3-2; Paragroph o=7-3.

11-1-8., Shert Time Constant Detector te Video
Coupling (F.T.C.). A short time constant detector to video coupling is
of zreot velue as an a~j measure snd will generally be incorperated in
an a~j receiver. An inductive short time ccnstant gives somevhet better
performiance than o resistance-capacity short time constant. Refer to
Referznce (f).

11-1-9, D-C Re-~Insertion. ‘hen a shori-time-constant
detector-to~video coupling is used, complete d-c re-insertion should De
applied. Zefer to Paragraph 7,5,6,

11-1-10, Balanced Video. The balanced videc cir-
cuit used in early o-j reccivers has not proven sufficiently useful to
warrant its inclusion in future receivers. Refer to Paragreph 6-3-3.

11-1~11. Blocking of PPI Video Amplifier. The PPI
video mmplifier, like the "A" scops video system should be protected
ageinst Dlocking on strong signals. Refer to Paragraph 5-3-) and s

11-1-12. Video Liniting in PPI. The liniters in a
PPI video amplifier help greatly in a~j protection of the FPI and sheuld
linit corpletely and at the optimum level. Refer to Paragraph 5--5.

11-1-13. Clean Design. The need for clean desizn
in an o~j receiver cannot be stressed too much. Refer to Paragrapn 5->-1.

11-1-14, Inter-action of Circuits. Complete freedonm
from inter-action of circuits is essential in- anj receivers and asscciated
equinnent. Refer to Paragranh 5-l-1. ¥

g >
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11-2. Interpretetion of Results of A~J Tests.

11-2-1. Zero Beat Loss. ZExperience at this lzbora-
fory has sliomn that the loss in sensitivity of a goed a~j receiver in the
presence of zero-beal cw jamming will be about as shown in Table III. These
values ere based on a back-biased i~-f smplifier without filters. Filters
reduce the losgs greatly but are difficult to adjust under fleet operat~
ing conditions. Iurthemmore, they cannot be made effective on the hizher
frequency equipments because of the difficulty of getting high rejection
ratios znd because the freguency medulation used on jammers givestiien a
very uide spectrum,

11-2-2, 1idth of Zero-Beat Area of Loss. The width
of the zero—=beat area of loss (measured at the 10 db loss points on the
curve for cw at the highest jam level) should avproximate the bandwidth
of the receiver. If it is considorebly narrover the performance egainst
high frecuency mcw is probably bad, while if it is brosder an unnecessary
loss is being taken in the presencé of cw and low-frecuency mcw Jamming.

1i-2-3. "Side Lobes" on the Loss Curves. "Side
lobes" on the loss curves indicate that either thiere is insufficient
attenuation in the skirts of the overall pass curve or that the video
pass band is Yoo narrow. Refer to Parsgraph &»7-3, 9-13~1, and 5-3-1.

2 5 - B Apparent Gain in Sensitivity as Off Freguency
Jaming is Applied. An gpparent gain in sensitivity will sometimes be
noted as oif~frequency jamminz is applied. This may be due to either one
of two thinzs., It may be the combined effect of a short time constent
detector tc video coupling and a bad pulse shape from the simulated echo
genercior, or it may be due to too short an #.T.C, while the pulse shape
from the echo generator is good. Which of these is the cause may be deter-
mined Dy putting the receiver inte the complete system and noting if
there is any loss in sensitivity to returning echoes with the short time
constont in. If there is, the short time constant is too short and
should be lengthened; if there is not, the fault is in the simulated
echo genecrator and mav be disregarded. Refer to Paragraph 9-13-2.
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APFENDIX I

GLOSSARY OF T:ZRMS AND SY:IBCLS

A - Tems.

1.

2-

10.

1l. Setting=On

12.

Chopner - A mechanical device used in the testing of a PPI to
simulate the directivity pattern of an antenna.

Clutter - A form of interference or Jamming resulting from the
reflection of radar pulse enerzy from extraneous tar-
gets, such as nearby land, waves, or clouds.

Differentiating Action - The freguency selective action of a cir-
cuit whereby the low frequencies are not passed.

"Holes" (negative) -~ The negative peaks of a modulated jamming
signal where the instentaneous jamming level is reduced
to a very low value,

[finimum Signal - A contraction of the term "minimum detectable
signal"., Generally refers to circuits for, or a study
of means for improving the absolute sensitivity of a
receiver.

On-Frequency Jamming — Jamming whose frequency is within a few
kilocycles of the radar frequency.

Off-Freguency Jamming - Jamming whose frequency is several hundred
kilocycles or more removed from the frequency of the
radar but still close enough to have some effect on
radar performance.

Panoramic -~ A type of receiver used in adjusting a jammer. It
shows the complete spectrum of both the radar and the
Jamner and allows the jammer spectrum to be set to
coincide with the radar spectrum.

PPI Signal Sipulator - A unit used in the testing of a PPI. It
consists of one or more choppers, a motor drive system
and a synchre system for synchronizing the PPI rotation.

Railings - A fom of jamming consisting of a series of pulses of

fixed repetition rate with no carrier present between
pulses,

Receiver - A receiver, used in conjunction with 2 Joamner,

for the purpose of adjusting the jammer to the frequency
of the radar being jammed.

Side-Lobes - A term, borrowed from antenna terminology, used to

describe the peaks of loss which appear on the curves
of loss plotted against fregquency and are displaced
several megacycles from the ‘Eﬂaeat peak.
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APPENDIX I (Cont'd)

1Js Zero-Beat Jamming - A jamming signal whose frequency is within a

few hundred cycles of the frequency of the radar.

1k, Zero-Beat Area - The portion of the curve of loss nlotted against

B = Syubols.

1.

l?l T. CI -

Voin =

frequency which includes the peak of loss at zero-beat
and the sloping sides of this peak out as far as the
first minimum of loss.

Symbol adopted for the SR-1, 2, 3, 4 and SG+3 video unit
contrel for short-time~constant coupling., Abbreviation
for "fast time constant". STC is the symbol adopted for
"sensitive-time-control", sometimes referred to as deloved
sensitivity coatrol.

The ratic, generally given in db, of the jammingz level to
the minimum detectsble sigral in that jsmmed conditioi.

Pulse repetition rats.

liinimum detectable signal for the jammed condition under
consideration,

Hinimum detectable signal in the unjammed condition.
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Table I

liean Deviations of Repeat Readinss on A-J Tests on "A"

Scope Using Three Frecuency System

As a function of Level

Level llean Deviation
10 uv -5 db
100 uv .5 db

1l mv 7 ab

10 mv 180 &b
100 mv 2.0 ab

As a function of Frecuency

Frequency liean Deviation
On Freq. «3 db
Off Freg. I .6 av
Off Freq. 11 & db

m,\u» = L
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Table 11

liean Deviation of Repeat Readings on A-J Tests

on PPl Using Three-Fregquency System.

A. As a FMunction of Level
Level liean Deviation
10 uv L av
100 uv 1Y G

1 mv 2.0 abv

10 mv io? dab

B. As a Function of Frequency
Frequency ilean Deviation
On Freq. 1.2 db
Off Freq. I 2.6 db
Off Freq. ;5 3.8 db
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Table III

Effect of Cathode Capacitance on

Zero—-Beat Loss Area

Zero—Beat Area

Jam Level Cathode Condenser
Width Depth
50 mv .01 mfd 260 ke 16 db
50 v .002 mfd 720 ke 22 db
50 rv .0005 mfd 1200 ke 29 db

DECLASSIF'®D
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Table IV

Loss in Sensitivity of a Representative Good Awd

Receiver in the Presence of Zero-Beat

ClV Jamning
Jam Level Loss
10 uv 5 = 10 dp
100 uv 10 - 15 db
1nv 15 - 20 db
10 mv 17 - 22 b
100 mv 20 - 25 db
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