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ABSTRACT
[ Confidential]

The NL/ALQ-F (XB-1) Jammer was designed as an
experimental airborne jammer to take advantage of the
electronic capabilities of the CM 710 carcinotron and topro-
vide advantages heretofore unavailable with older tubes. Of
particular interest is its use as a wide-band barrage jam-
mer operating in conjunction with a panoramic receiver,
displaying at once a frequency presentation corresponding
to the full transmitter tuning range. The relatively broad-
band nature of the barrage signal does not require precise
set-on.

The system weighs about 350 pounds and occupies about
seven cubic feet of cabinet space. It is considered that with
advanced techniques a jammer using the carcinotron could
be designed which would be considerably more compatible
with aircraft requirements.

As a tube type, the carcinotron does not appear tocom-
pete with the magnetron from the physical standpoint. The
magnetron, however, lacking flexibility, may never be as
suitable for use against newer radar types with advanced
antijam techniques, nor does the magnetron offer the
capacity for jamming operations against multiple radar
installations.

PROBLEM STATUS

This is a final report on one phase of this problem;
work on other phases is continuing.

AUTHORIZATION

NRL Problem R06-12
Project NA 442-002
BuAer No. AV-42000 and AS-303

Manuscript submitted July 1, 1960,
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THE NL/ALQ-F (XB-1) JAMMER
[ Unclassified Title]

INTRODUCTION

Four fundamental problems must be solved in the development of adequate jamming
equipment.

eGeneration of rf power

e Modulation of the power source
e Frequency set-on

e Radiation.

Power generation, modulation and, to a large extent, frequency set-on are dependent on
the tubes available, and, although radiation is not directly a tube problem, methods of
coupling tubes to antennas may have marked effects on the operation of some tube types
such as magnetrons and klystrons. Until recently, tubes have been limited to conventional
types at frequencies up to the L-band region and to magnetrons and klystrons at microwave
frequencies, with the magnetron being the foremost power source for jamming and for
search and fire-control radars. For high-average-power jammers, the magnetron has
shown reasonably adequate capabilities. Its size and weight, though not ideal, are con-
sidered acceptable. The less favorable characteristics of this device are (a) its require-
ment for cumbersome mechanical tuning, and (b) its sensitivity to variations in rf loading,
which leads to discontinuities in tuning and to unpredictable combinations of amplitude
modulation (AM) and frequency modulation (FM).

True low-level electronically tuned magnetrons are now becoming available, and
hydraulic mechanical tuning of high-power tubes offers considerable promise for faster
set-on. While such considerations may continue to uphold the prominent position of the
magnetron in the noise-jammer field, more recent developments lead to serious consid-
eration of other devices having more controllable modulation facilities, along with
electronic-tuning capabilities. Of these, the backward-wave oscillators hold considerable
promise,

Early efforts in the fraveling-wave-tube field led to the development of two basic
slow-wave oscillators, namely the O-type BWO, in which the electron stream is focused
down the length of the delay structure by means of a magnetic field along the beam axis,
and the M-type, in which the electric and magnetic fields in the reaction region are
crossed and controlled in magnitude so as to oppose beam deviation from its required
traverse along the delay structure. The O-type tube frequently utilizes the helix as a
delay line and thus is representative of the more conventional TWT devices developed in
this country. Although some experimental work was done in this country on crossed-field
tubes, the CSF Co. of Paris concentrated considerable effort in this direction and was the
first to develop an oscillator capable of both electronic tuning and high output power. Tubes
were supplied by the Raytheon Co. in the United States for application to American pro-
duction methods. Additional tubes were supplied to military activities in the U.S. The
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U.S. Naval Research Laboratory received several samples of a tube called the CM 710,
which operated in S band. Preliminary tests indicated its adaptability to airborne-jammer
applications, and an experimental airborne transmitter, the NL/ALQ-F (XB-1) was built
at NRL.

CARCINOTRON JAMMER FUNCTION

The NL/ALQ-F (XB-1) jammer is an experimental equipment designed for operational
evaluation of the CM 710 carcinotron. The equipment represents an advance over older
jammers because it provides fast electronic tuning and a very flexible modulation capa-
bility. Its FM capabilities provide for a barrage-type noise signal covering about 100 Mc.
Where several signals are grouped close together in frequency, as may be the case in a
heavily defended area, they may all be jammed simultaneously. Again, where it is desir-
able to concentrate the full jammer power against one radar (spot jamming), relatively
pure AM noise is available. In comparing the use of the two modulation types, barrage
jamming provides for wide-band coverage with generally reduced effective power, because
the power per megacycle is less, while spot jamming provides maximum effectiveness
against perhaps not more than one radar.

To reduce the danger from guidance systems that can use the interfering signal for
beam riding, provision is made for jammer modulation at or close to the angular nutation
rate of the radar’s conical-scan frequency. This low-frequency modulating signal can be
used for either AM or FM and is intended to falsify the target angular position. Although
this modulation type can be used independently of the normal video modulation, it is
intended that it normally be superimposedon the noise-modulated signal, so that both range
and angular data may be simultaneously denied the radar.

In the past, receivers such as the AN/APR-9 have been used to determine the fre-
quency of the signal to be jammed. Since such receivers display only a small frequency
spectrum, 20 Mc for the APR-9, time is lost in the process of searching for the signal
frequency. The receiving equipment used in the ALQ-F functions as a wide-band pano-
ramic analyzer, displaying simultaneously all of the signals within the tuning range of
the jammer as well as the jammer’s signal. Hence only jammer tuning is necessary.

Automatic jammer set-on is not provided, but once acquired, the signal-frequency
information can be stored and other signals acquired. Four storage channels are pro-
vided, such that once acquired four signals can thereafter be engaged automatically in
sequence, or as required. The near-instantaneous tuning provides the necessary rapid
switching from one to the other without loss of tuning time. In addition, the jammer may
be automatically swept in frequency to cover a segment of the tuning range. Sweep jam-
ming provides an operation similar in effect to sequential jamming, but it requires no
tuning operation other than the original selection of sector limit and sweep speed. Where
unattended operation is required, sweep jamming provides for even greater spectrum
coverage than wide-band FM modulation alone. However, it may result in relatively long
periods during which no jamming occurs.

THE CARCINOTRON JAMMER SYSTEM

Figures 1 and 2 show the essential arrangement of the system. The cooling unit is

a heat exchanger which circulates cooling liquid through the carcinotron. The regulator
unit, in series with the high voltage supplied to the anode, is provided with the necessary
front-panel control of the carcinotron anode voltage, which in turn controls the jammexz.,
R
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Fig. 1 — Block diagram of the NL/ALQ-F (XB-1) system
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Fig. 2 — The NL/ALQ-F (XB-1) system
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frequency. The additional controls governing the selection of fixed-frequency, sequential,
or sweep jamming are also functions of this unit. The transmitter unit houses the modu-
lator, the sole supply regulator, the heater supply, and the carcinotron. The small control
unit is used to control the transmitter at a remote operating point. The power-supply unit
contains all the power sources and regulators. The four main transmitter units are housed
in standard aircraft racks and weigh approximately 300 lb, including cabling. The receiv-
ing unit is also housed in one aircraft rack and weighs about 40 1b.

THE TRANSMITTER UNIT

The transmitter unit, Figs. 3 and 4, is the heart of the system and houses primarily
the carcinotron and its modulator. Space considerations required that certain power-supply
parts be located in the transmitter unit, but these parts are described elsewhere in this
report. The primary components of interest in the transmitter are:

® The carcinotron oscillator

® The rf output arrangement for high-voltage isolation

o The modulator.

THE CM 710 TYPE M CARCINOTRON

Though similar in some ways to magnetrons, the S-band CM 710 carcinotron received
from CSF Co. in France differs radically, in that it provides for independent and almost
pure AM or FM or any desired combination of both and is capable of being tuned electron-
ically over its entire frequency range by varying the voltage on one element only, the anode.

Fig. 3 — Left side of the NL/ALQ-F (XB-1) transmitter unit

CONFIDENTIAL




NAVAL RESEARCH LABORATORY

CONFIDENTIAL

1Tum 19 TWwIsuURI} 9y} Jo weaderp Moolg ~ ¥ "Stg

4 343089V 4349208V z_\,_gxﬁ_ron_moom,u-ﬁ_Iomuoome.
[ o 00 0] 905-r[po oo o0o0] [0 000000 00 9l=[¢ 00 o 9 000 ]z06-r 806G-1
pIG-F ng-r = ] N
L
@+ L+ip -
3% 28383 oo Agi
o3 2Lo o 'N-GII
WG O mm o|ulo] O11— ( GOW
ANNOY9 —+— ol 4|0 oM odH—
o|3|o 0
310S +—o|alo o Hor+— 370S
o|D|o lo) o+H—
aiyo g olfo+— Q149
o0V v oH— 00V
106 -1 106 -d £0G-d €061 <
)
= = o
.ﬂ = ¥3mong =
7 _ >
xﬁo.. =
9| = S
ﬁm o|3}o 106-8
SNVHL "TId - O |J (o
onlo
- 2
AGll - ojv|o
c0G-r 206-d
v0G -d 1
? % B
— 206-7 1 —
f0g-3 L 1 i
/0000 % g — Nm‘
106 1 mOmlﬁ_n_v 5 ¢
—I_
o— 1206- 105-A U g
l_--w: —1 g
L o re
avod3A0

I

3
¢

CONFIDENTIAL




6 NAVAL RESEARCH LABORATORY CONFIDENTIAL

Except with respect to conventional coupling considerations, the tube is essentially inde-
pendent of rf loading; i.e., the tube is not afflicted with long-line instabilities derived from
the pulling effects observed in magnetron devices. Conversely, at its present stage of
development, it does not appear to hold the promise of the high efficiency of magnetrons;
hence for the same output the power-supply requirements are more severe. Additional
tube elements tend to complicate the power-supply problem, and the very fact that the tube
is electronically tunable leads to the requirements for precise voltage regulation. With
respect to size and weight, present carcinotron types, when packaged complete with per-
manent magnet, compare unfavorably with magnetrons, but with advanced techniques they
may improve in this respect.

The CM 710 carcinotron and the associated permanent magnet are shown in Fig. 5,
while Fig. 6 shows the packaged tube. It will be noted that the tube can easily be removed
from the permanent magnet for replacement purposes. The tube requires a dc heater
supply, a negative grid supply, an accelerating-anode (accelerator) supply, a variable
high-voltage supply for the delay line and collector, which are common and will be referred
to as the anode, and finally a negative supply for the sole element. The characteristics of
the tube for application in the NRL equipment are as follows:

Anode voltage range +3000 to +4900 v
Frequency range 2500 to 3100 Mc
Anode current 200 ma

Heater voltage 3.0 vdc

Heater current 18 amp

Grid voltage -300v

Grid current Negligible
Accelerator voltage +900 v
Accelerator current Negligible

Sole voltage -750 v

Sole current -20 ma

Power output 150 watts

Figure 7 shows the variation of delay-line voltage versus frequency.

L
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Fig. 5 = The CM 710 carcinotron and
associated permanent magnet
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Fig. 6 — Packaged CM 710 carcinotron
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Fig. 7 — Delay-line voltage versus frequency for CM 710 carcinotron
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The values given previously are subject to some variation between tubes, and for
other applications more output power can be obtained with greater anode current, which
in turn will require different grid or accelerator voltages. The characteristics here given
are those which for this development provided output power consistent with reasonable
power-supply weight and space.

CARCINOTRON OUTPUT COUPLING

The method adopted for applying voltages to the carcinotron required that special
treatment be given to the rf power-output coupling. In this system, the cathode is used as
zero reference and is grounded. The anode, which is operated between 3000 and 5000 volts
above the grounded cathode, is directly connected to the rf output by a transition to a con-
centric transmission line. Since the power-output coupler is operated at the anode potential
with respect to chassis ground, a high-voltage transmission-line isolator is required to
confine the anode voltage to the neighborhood of the carcinotron.

The transmission-line system contained within the transmitter unit is shown in Fig. 8.
The first unit in the system is a tapered transmission line used to transform both mechan-
ically and electrically from the carcinotron output to RG- 44/u transmission line. The
CM 710 has a 70-ohm output impedance which is transformed to 50 ohms. The input
coupler has metric threads to match those on the outer conductor of the tube output. The
center conductor is provided with long, resilient spring fingers designed to make good
electrical contact and at the same time place a minimum of strain on the glass tube seal.
Two polyfoam beads are used to position the center conductor at installation, and a fixed-
bead coaxial-line adaptor is used to support the center conductor at the output end.

AIR INLET TEFLON | ,—FRONT PANEL
SPERRY 354 A SPERRY 3554
Wﬂ\\jg - .
CARCINOTRON T s = il TRANSMITTER
CONNECTOR = - o) OUTPUT

w7 e IENT FINGERS

\—L\\R EXHAUST TRANSMISSION LINE
PORTS VOLTAGE ISOLATOR

0. POSITIONING BEADS

Fig. 8 — Transmission-line assembly

Cooling of the output seal is provided by low-pressure air. An air stream is directed
at the center-conductor finger contacts, thus removing heat conducted from the seal by the
center conductor. This air, being prevented from travelling down the line by the support
beads, is directed over the seal and exhausted through holes symmetrically spaced around
the outer conductor.

The high-voltage line isolator follows the first coaxial-line adaptor. Both the inner
and outer conductors are broken by choke sections, of somewhat different design. The
inner conductor uses an open-ended quarter-wave choke to provide a short circuit to the
rf energy at its input. The open circuit is formed by a cavity within the center conductor
extending beyond the termination of the choke section. The choke section is filled with a
continuous piece of Teflon to provide the voltage isolation. The Teflon extends out through

CONFIDENTIAL




CONFIDENTIAL NAVAL RESEARCH LABORATORY 9

the gap in the conductor and then along the transmission line for a distance of one-half inch
to generate a long air path between sections of the center conductor. The closest spacing
between conductors is 40 mils of Teflon within the choke itself.

The outer conductor uses an open-ended half-wave line terminated in a short circuit
reflected from a second half-wave line terminated in a physical short circuit. Use of the
double-section line provides improved shielding and physical support for the isolator. The
isolation is again provided by a continuous piece of Teflon, which fills both half-wave line
sections and extends three-quarters of an inch beyond the gap on the inside of the outer
conductor. The closest physical spacing between the two sections of the outer conductor
is 60 mils of Teflon, occurring at the gap in the outer conductor. The shortest air gap
between the two sections is 371 mils, occurring between the extension of the outer con-
ductor of the second half-wave line and the outside of the outer conductor of the first half-
wave section,

The isolating gaps in the inner and outer conductors are spaced one-quarter wavelength
along the transmission line to provide for cancellation of reflections generated at each gap.
This spacing is maintained by the final coaxial-line adaptors at each end of the isolator.
The adaptors also provide physical centering support for the inner conductor. Two poly-
foam beads are used in the isolator to provide centering during installation of the unit.

The second fixed coaxial-line adaptor is coupled to a panel-mounted adaptor through
a tapered section. This tapered section serves as a transformer from the 50-ohm air line
to the panel-mounted adaptor for solid-dielectric cable. The panel-mounted adaptor
receives a UG-154/u plug for RG-17/u cable. The high-voltage isolator has been tested
at a potential of 8000 volts across both the inner and outer conductor with no indication of
breakdown.

The VSWR of two isolators is shown in Fig. 9. This was measured with the units
terminated in a matched load. Over the design range of 2500 to 3100 Mc, the VSWR is
lower than 1.5.

— ISOLATOR # |
— === ISOLATOR # 2

VSWR

2 2.2 24 2.6 2.8 30 3.2 34 3.6
FREQUENCY (KMC)

Fig. 9 - VSWR versus frequency for two isolators
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The VSWR of the panel-mounted adaptor is shown in Fig. 10, This measurement was
made with a four-foot length of RG-17/u cable terminated in an AS-463(XA)/AP antenna
which could be (but in fact was not) used with the system.

The overall VSWR of the assembled system looking into the first coaxial-line adaptor
following the tube-output tapered section and including the antenna is shown in Fig. 11.
Over the operating range of the tube, the VSWR does not exceed 1.75.

VSWR
EN

| 1
2 2.2 24 2.6 28 3.0 3.2 34
FREQUENCY ( KMC)

Fig, 10 — VSWR versus frequency of
panel-mounted adaptor

VSWR

. I | |

2 2.2 24 2.6 2.8 30 3.2 3.4
FREQUENCY (KMC)

Fig. 11 — VSWR versus frequency of entire
transmission line assembly
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THE MODULATOR UNITS

In consideration of the experimental nature of the jamming transmitter, it was thought
advisable to build considerable diversity into the modulating equipment. Since the carci-
notron has capabilities of being modulated both in frequency and amplitude, provisions
were included in the jammer to provide each type of modulation separately. Thus, the
final system includes two separately controllable modulating channels, one for producing
AM and the other for FM, each completely self-contained but mounted as part of the
transmitter unit. It was also possible to modulate the unit by an external low-frequency
source,

Since the carcinotron is fundamentally a voltage-tuned device, the oscillator frequency
is proportional to the voltage difference between the delay line and sole and therefore is
tunable by variation of either voltage. In amplitude modulation of the tube, again two ele-
ments are available for its production, either the grid or the accelerator.

Several factors in the overall equipment design made the sole the choice for FM
modulation. First, the maximum frequency variation allowable by sole modulation was
determined to be well within the objective of 100-Mec total deviation. Secondly, certain
circuit-design factors would create difficulties if it were desired to vary the anode voltage
as against the sole. For example, if the series modulating element were located in the
cathode return, the heater capacity to ground must be kept small so as not to bypass the
noise components which, in this case, extend to 2.0 Mc. This would be not too difficult if
ac were used on the heaters, but the need for a dc heater supply with small shunting capac-
itors and large rectifier and filter components would prohibit cathode modulation, H,
alternately, the series modulating element is used in the high-potential lead, severe design
considerations must be met in view of the extremely high voltage involved. An indirect
method of noise-modulating the line with the series regulator in the anode supply was
considered, but it was abandoned because the high modulating frequencies involved were
not compatible with the regulation requirements. .

; The modulator, Fig. 12, thus contains two separate channels, individually controllable
“in all respects. Basically, both channels are very similar, the major variation occurring
in the FM channel, where a variable peak limiter, or clipper, is used at the modulator
output. The random noise is generated in each channel by a 6D4 gas triode operating in

a 375-gauss magnetic field. After broper compensation to beyond 2 Mc, the noise voltage
is amplified in a 6CL6 voltage amplifier whose output drives the paralleled sections of an
829B power amplifier. A four-position switch is used at the input of each 6CL6 which
allows either the internal noise or an external signal to be used. The external signal is
introduced into a front-panel jack for either channel. An additional feature permits both
channels to be supplied from one noise source in case correlated modulation may be
desired. However, the complexities of dual modulating channels, completely independent
and separately controlled, were accepted to allow the study of uncorrelated noise modula-
tion in the form of FM and AM.

With the various impedances involved, and considering the high voltage required from
the modulator, the feasibility of coupling through a step-up transformer was studied. Very
satisfactory results have been obtained with the circuit shown in Fig. 12. A flat spectrum
was obtained between approximately 50 k¢ and 2 Mc at an amplitude in excess of 1000 volts
peak-to-peak at the transformer secondary. In the case of the frequency modulator, this
permitted rather severe clipping while still allowing the required 400 volts.
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An additional tertiary coil of two turns was wound directly over each transformer
secondary, its output having two applications. Connected directly to a front-panel jack,
it allows sampling of the modulating waveform for measurement and analysis. Also,
rectified in a 6AL5 diode, the current is indicated on a front-panel meter. By proper
calibration, this meter can be used as an indicator of frequency deviation or degree of
amplitude modulation.

When frequency modulation is generated by a noise spectrum of gaussian amplitude
distribution, the power spectrum with frequency has a distribution such that the power at
the extremes of frequency deviation falls off rapidly. The ideal barrage spectrum, on the
other hand, is considered as having equal power density, or watts per megacycle, over its
entire excursion. This predicates that the FM modulating noise voltage should be clipped
or amplitude limited, to some degree. To determine the requirements, a variable peak
limiter, or clipper, was added at the output of the FM channel. It comprises two half-wave
rectifiers to produce symmetrical clipping. The degree of clipping is obtained by shunting
a capacitor, in series with a variable resistance, across each diode resistor. This net-
work varies the effective impedance across the transformer secondary, allowing a rela-
tively wide degree of clipping. Due to the lack of symmetry in the random-noise output
of the transformer, the two sections of the clipper, while not electrically identical, do
produce amplitude symmetry at the modulated element of the carcinotron. The clipping
control has a range of approximately two to one.

POWER-SUPPLY UNITS

The power-supply unit, Fig. 13, includes in addition to the high-voltage anode require-
ments a supply each for the grid, accelerator, and sole elements, all in one aircraft rack.
For convenience and space considerations, the carcinotron dc heater supply is mounted
within the transmitter unit, as is the regulator for the sole supply. Of particular interest
is the use of semiconductor rectifiers rather than vacuum tubes throughout.

Fig. 13 - Left side of power-supply unit
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fhe anode supply, Fig. 14, contains a three-phase bridge-type circuit capable of
supplying 6000 volts at 300 ma. The initial design of the filter for the anode supply
employed a single section based on a 2400-cycle ripple frequency. Instead of obtaining
5-percent ripple at 2400 cycles, the actual content was between 10 and 15 percent at
800 cycles. This deviation from the theoretical figure is caused by distortion and unbal-
ance in the three-phase 400-cycle input. Since the power-supply characteristic available
in an aircraft will probably be no better than that available in the laboratory, the filter
was redesigned for 800 cycles. With the filter shown, the ripple content was reduced to
less than 1.0 percent at the output, a value fully compatible with the requirements of the
electronic regulator. Some thought has been given to the possibility of regulating the
three-phase voltage ahead of the various rectifiers; however, it is felt that this would be
cumbersome. To protect the anode, a current-overload relay was used to cut off the pri-
mary of the high-voltage supply in case of anode-current surges.

2h 2h
?:82 L-102 L-103
- 4
T-104 tJ-lol
RE-113~ % RE-123% & RE-133
208V INPUT \ nr -137 c-106 c-107
| — L4 I f = Iuf
7500V 7500V
RE-128 £ RE-138
3 x—I32 “—|42 "'
= H-J-104

RE-13-117 =

RE-1I3 RE-14 RE-II5 RE-116 RE-117

Fig. 14 — Anode-supply unit

The grid, sole, and accelerator supply (Fig. 15) each yse a single-phase bridge-
rectifier circuit. Since the grid and accelerator of the carcinotron draw negligible current,
RC filters were used. The accelerator supply is interlocked to prevent the application of
accelerator voltage before anode voltage. If the accelerator voltage is applied without
anode voltage, the tube current will divert to the accelerating anode and burn out the tube.
No overload protection is required in these two supplies, because the high impedance of
the resistance-type filters causes sufficient voltage drop for tube protection in case of
an overload. The accelerator supply is capable of 1500 volts output and is adjustable
from 500 to 1500 volts by means of two potentiometers. A meter mounted in the trans-
mitter unit can be switched into the circuit to indicate accelerator voltage. The grid
supply is capable of 1500 volts output and is adjustable from zero to -1500 volts by means
of a switch and potentiometer.

The sole current is negative over the tuning range, with electrons flowing to the sole,
and it has been found to be as much as 60 ma for some tubes. Therefore, the supply was
designed to deliver 80 ma, and an LC filter is used. The output of the sole supply is
regulated by a series electronic regulator, shown in Fig. 16. A regulator was required
because the frequency of the tube varies as E/B, the ratio of electric to magnetic field
intensity. Field E in turn is a function of both anode and sole potentials. In order to
prevent undersired frequency variation, especially with amplitude modulation, the sole
supply must be well regulated or must have low impedance. Because of the negative
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Fig. 16 — Sole regulator

current which the sole draws, a resistance load is placed across the regulated output of
the supply. This assures that positive current is taken from the supply; thereby regula-
tion is obtained under all operating conditions. The sole supply is variable from -650 to

-800 volts, and the output voltage can be read on the voltmeter located on the transmitter
unit.

The filament supply shown in Fig. 17 is of the full-wave type, and the filter choke is
preceded and followed by 6000- :f capacitors for satisfactory ripple suppression. A variac
is provided in the control unit as a means of applying the heater voltage gradually, and an
interlock requires that the variac be returned to zero before heater power can be reap-
plied. This is to protect the tube during its warmup period. Instructions recommend that
30 seconds be utilized for bringing the heater current to its rated value.

T-701 T-502  RE-50I
%Hlé RE-502 M -70I
4m

*—k-701 v

Sh-501 TO FIL.
C-501 -502 _
ol Jrsdout ALY Voo

400~ 400~
NEUTRAL

||||—1

Fig. 17 - Filament supply
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Direct current was used for the heater, because undesirable FM at the primary line
frequency occurs with ac on the carcinotron’s heater. The effect is not the result of
cathode variations in temperature but rather an induced interaction with the magnetic
field, which leads to the requirement for the dc heater supply.

AITIT L LU

REGULATOR UNIT

The anode-voltage regulation requirements for the carcinotron are somewhat beyond
those usually encountered for magnetrons and conventional tubes. The successful opera-
tion of the tube depends on the degree of regulation, and if the tube is to be used as a spot
jammer in a cw or AM mode, the carrier deviation due to ripple on the anode must be
severely limited. This requirement is somewhat mitigated when the carcinotron is to be
operated as a barrage jammer with high FM deviation. However, it is still considered
necessary to limit carrier deviation due to ripple, to the extent that it is a small fraction
of the total deviation. Since the narrow-band modulation requirements hold for this trans-
mitter, it was necessary to limit deviation due to ripple to the minimum consistent with
weight and space requirements.

The functions of both anode voltage regulation and electronic tuning are combined in
one series regulator (Fig. 18). The ratio of frequency change of the carcinotron to anode-
voltage change over the operating range is approximately 0.3 Mc/volt and requires that
both the ac and dc responses of the regulator be rather precise. The tuning range of the
carcinotron requires a voltage that is variable between 3 and 5 kv at approximately 200 ma.

As shown in the schematic diagram (Fig. 19), tetrode tube type 4-400A was selected
for the series regulator, with two tubes in parallel and a type 2C53 as a feedback amplifier
tube controlling the regulator-tube bias. The problem of screen voltage was solved by
using a series dropping resistor and gas regulator tubes. Since the 4-400A screens draw
negligible current under all operating conditions imposed on the tubes when used as regu-
lators, the need for a floating screen supply is eliminated. In the absence of an external
load, the control network draws sufficient current o fire the gas tubes.

Fig. 18 - Right side of regulator unit
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The 2C53 feedback amplifier tube is controlled by changing the bias on its grid in the
usual regulator fashion. The difficulty of finding regulator control tubes at the voltage
employed makes it necessary to forego any cascade arrangements. Consequently, the
single 2C53 is regulated in a dual fashion, externally by manual tuning and also by con-
trolling the unregulated primary potential applied to the grid of the 2C53 through a e
resistor network and a high-voltage gas tube used as a voltage-divider device. This
arrangement functions primarily to counter long-time-constant transients occurring in
the 400-cycle lines. The resulting output voltage from the regulator is constant to within
0.01 percent of the highest voltage supplied to the transmitter.

The various operational features for control of frequency are as follows. Six push-
buttons are provided on the control unit. Four of the buttons energize relays, any one of
which connects the grid of the control tube to its respective potentiometer, which in turn
determines the voltage of the regulator. The fifth pushbutton is used to energize a step-
ping relay which will select each of the four frequency positions in a sequential order with
a variable “dwell time” on any one position of from 4 to 25 seconds. The dwell time is
altered by changing the speed of a shaft coupled through a continuously variable speed
changer to a constant-speed motor. Attached to the shaft is a contactor which is used to
advance the stepping relay each revolution. The sixth pushbutton is used to provide a
continuous sawtooth sweep over the entire tunable band at a maximum sweep time of
4 to 25 seconds. This is accomplished by attaching a rotating potentiometer to the
variable-speed shaft. The fixed terminals of the rotating potentiometer are connected to
the variable-arms of two potentiometers which may be used to set the frequency band being
swept to any sector position within the overall band, and to any bandwidth. The rate of
frequency sweep when used on a given sector depends on the sector bandwidth.

COOLING UNIT

The cooling unit (Fig. 20) circulates silicone fluid through the carcinotron at a rate
of about 0.75 gpm. The silicone is cooled by a heat exchanger with a coaxial fan drawing
air at the rate of 200 cfm. Tygon tubing with quick-connect self-sealing fittings are used
for connection between units, while copper tubing is used within the units, except where
high-voltage isolation is required. Ten inches of Tygon tubing is used to connect to the
tube to give sufficient high-voltage isolation. With the silicone coolant in the system, the
warmup time is very long. In order to shorten this time, the fan used to cool the liquid
is connected through a thermal switch in the liquid line which disables the fan until the
liquid reaches its normal operating temperature, after which time it cycles on and off.
With this arrangement, the warmup time is about one hour. A liquid-flow swith and a
high-temperature switch are connected into the interlock system to protect the tube from
loss of cooling. A circuit diagram of the cooling unit is shown in Fig. 21.

CONTROL UNIT

To enable the system to be controlled from a remote point, a control unit was designed,
as shown in Fig. 22. The filament control is located at the control unit and the filament
current can be read on a meter. Anode voltage can be applied, which places the equipment
in a standby condition. To obtain rf power from the system accelerator, voltage is applied
by a switch in the primary circuit. Similarly, modulation can be applied. Lights are pro-
vided to indicate the operating condition of the system. The tube anode current can also
be measured on a meter. Figure 23 gives the complete diagram of the control unit.
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Fig., 20 ~ Left side of cooling unit

|

THERMAL J
SWITCH
Nc—>52°c'{
N 0.-48°C |7, s-402 " k402
J N (gq K - 40 N.C.
EJFH,TEP. 5] N O #67
gl | s7a L o SEAL OFF
(:;\PUMP (Ta 4, TUBE
1 u:" ‘
L,Am‘ - FLOW
L FILTER  1hgRMAL FswiTch
B SWITCH ¥ N.O.
N.C.-98°
N.O.>98° |
= RELAY CONNECTION
s_ap ~ BLOWER
>
T T
lL &4 P
c D E F G
J-40I

Fig, 21 - The cooling unit
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Fig. 22 - Front view of control unit
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RECEIVER UNIT

To allow greater advantage in applying the wide-band countermeasure signals possible
with a carcinotron, a receiver was designed whose characteristics are compatible for use
in a carcinotron jamming system. The receiver is composed of mechanically swept cavi-
ties, the detected and amplified output of which is presented on thie face of a cathode-ray
indicator that has been calibrated in frequency. Designed to be the same as that of the
French CM 710 carcinotron, the frequency range of the S-band rf head is 2500 to 3100 Mc,
but it can be extended by a cam change to cover 2230 to 4450 Mc. Although the frequency
calibration is not one of extreme accuracy, the setting of a jammer on an intercepted
enemy signal is not inhibited, for it is possible to bring the interfering signal into nearly
exact correspondence without a precise knowledge of the frequency. Should the mission
of this receiver be one of intercept or surveillance in aircraft where some knowledge of
the frequency is required, a trained operator may obtain it to within +10 Me.

This receiver, capable of detecting a tangential signal of -42 dbm, proved adequate
in flight checks of the NL/ALQ-F carcinotron jamming system. For applications in
which greater sensitivity is needed, the addition of a traveling-wave-tube amplifier will
permit a tangential signal sensitivity of at least -70 dom. The receiver, weighing 40 pounds
including the plug-in S-band rf head, is encased within approximately the dimensions of
one full ATR rack (Fig. 24).*

Fig. 24 — Right side of receiver

LOW-FREQUENCY MODULATOR

To reduce the danger from guidance systems that can use the interfering signal for
beam riding, provision is made for jammer modulation at the angular nutation rate of the
radar’s conical-scan frequency. This low-frequency modulating signal can be used for
either AM or FM and is intended to falsify the target angular position. Although this

*G, C, Page, Jr., “A Sweeping Countermeasures Receiver,” NRL Report 4914 (Confiden-
tial Report, Unclassified Title), Apr. 1957,
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modulation type can be used independently of the normal video modulation, it i intended
that it normally be superimposed on the noise-modulated signal, so that both range and
angular data will be simultaneously denied the radar. Figure 25 shows the age video and
detector circuits used with the NL/ALQ-F (XB-1) system. The radar’s video was obtained
through a separate antenna and crystal detector unit not shown on Fig. 25. It is necessary
to have 70 to 90 db attenuation between this antenna and the system transmitting antenna.
A separate audio amplifier was required to amplify the video (Fig. 26). Provisions are
also provided to enable the transmitter to be modulated by an external signal. The low-
frequency modulator is shown in Figs. 27 and 28.

SUMMARY

The NL/ALQ-F (XB-1) S-band jamming system was designed as an experimental air-
borne jammer to take advantage of the electronic capabilities of the CM 710 carcinotron
and to provide advantages heretofore unavailable with older tubes. Of particular interest
is its use as a wideband barrage jammer operating in conjunction with a panoramic
receiver, displaying at once a frequency presentation corresponding to the full transmitter
tuning range. The relatively broad-band nature of the barrage signal does not require
precise set-on and thereby overcomes the inherent lack of resolution of such a broad-band
display. In addition, when several signals are grouped closely in frequency, the barrage
signal can be used to jam the combination simultaneously. Again, where several signals
are dispersed more than can be accommodated by the barrage signal, the individual fre-
quency of each signal can be electronically recorded; thereafter, up to four such frequen-
cies can be jammed automatically in sequence without loss of time between signals.

Another system feature is the versatile facilities for modulation, which are tabulated
as follows:

e Modulating Signals
Internal video noise modulation
External video modulation as desired
Low-frequency modulation for jamming nutation frequencies
eModulation Types
Accelerator modulation for AM with noise or other video signals
Sole modulation for FM with noise or other video signals
Grid modulation for AM with low-frequency signals
Anode modulation for FM with low-frequency signals
Any combination of modulation types.
Electrically, the system is generally conventional, except that the rf source, the
carcinotron, is operated with a grounded cathode, while the anode or body of the tube is

on the high-potential side of the high-voltage supply. Semiconductor rectifiers are used
for all dc supplies.
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w7
Physically, the system weighs about 350 pounds and occupies about seven cubic feet
of cabinet space. Since this equipment was urgently needed, and in view of its experimental
nature, no great emphasis was given physical considerations, other than that it meet the
need for airborne evaluation tests at low altitudes. It is considered that with advanced
techniques, a jammer using the carcinotron could be designed which would be considerably
more compatible with aircraft requirements.

As a tube type, the carcinotron does not appear to compete with the magnetron from
the physical standpoint. The magnetron, however, lacking flexibility, may never be as
suitable for use against newer radar types with advanced anti-jam techniques, nor does
the magnetron offer the facility for jamming operations against multiple radar installations..

The degree of frequency drift with warmup using the CM 710 is not considered accept-
able without automatic and continuous set-on. More recent tubes, however, are reported
to be improved in this respect.
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