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ADSTRACT

AnS-band low-noise travr ling-wave tube, manufactured
-, RCA Laboratories and designated as A4395, was tesied
at the Navai Kesearcii Laboratory and found {0 have a noise
flgureof approximateiy 8 4k and & simali-signai gain of
approximately 26 db. Thls tube, with associated circuitry,
was installed in the AN/MPQ-b radar in operation at
Chesapeake Bay Annex of the Navzl Research Laboratory
for the purpose of evaluating the effect of the addition of
such a preamplifier to a conventional radar system. The
improvements resulting from the addition of this tube to the
AN/MPQ-5, as shown both by system measurements and
comparison of display photographs with and without the
preamplifier, were increased sensitivity, increased
maximum range, and lower system-noise figure.

PROBLEM STATUS

This is an interim report; work on this problem is
continuing.

AUTHORIZATION

NRL Problem R12-02

Manuscript submitted April 16, 1954
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TRAVELING-WAVE TUBE AMPLIFIERS:
AN S-BAND RADAR PREAMPLIFIER

INTRODUCTION

The application of a low-noise traveling-wave tube as a preamplifier to an existing
radar system of higher-noise figure has the efiect of reducing the over-all nolse figure
of the system. The noise contribuied and amplified by this preamplifier is the dominating
factor in the over-all noise figure, since it masks to a great extent noise contributions
from the rest of the system.

Laboratory tests of the series A4395 traveling-wave tubel,2 indicated a noise figure in
the region of 9 db, and a small-signal gain of 26 di. Since these tubes perform in the S-band
frequency range, it seemed feasible fo use one asanr-f preamplifier in the receiver of a
conventional S-band radar; and, on the basis of availability and convenience, the AN/MPQ-5
was selected as the radar to which this preamplifier was to be added. If the tube exhibited
the same noise figure in opeiation in the radar as under laboratory tests, it would in effect
give the radar a noise figure of approximately 9 db., Although some S-band radars have
been built with comparable noise figures, as a matter of practical experience few maintain
this noise figure for very long. A consistent 9-db noise figure, if obtainable, would there-
fore represent a considerable improvement in almost any operating S-band radar.

NOISE FIGURE CALCULATIONS

The noise figure of a combination of preamplifier and radar receiver may be written 3
as

FpR = Fp+-—%—-~—: (1

Vitsger

sdge, I AL, Ji., Norik, W, R., IIl, “Travelitng-Wave Tube Amplifiers: RCA
ow-Noise Tubes,” NRL Memorandum Report No. 256 (Confidential), January 1954

]

2Radio Corporation of America, RCA Laboratory Division, Princeton, New Jersey,
"Digcription of Low-MNoise Traveling-Wave Tube A4395"

3Pound R. V., “Microwave Mixers,” Radiation “aboratory Series, Vol. 16, Fage 15
{Fquation 23) N
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o Gain of preamplifier

¥y = Noise figure of preamplifier

Fp =  Noise figure of radar recciver

Fpr =  Notise figure of the combination of preamplifier and radar receiver

NR =  Noise figure of radar receiver in decibels

Npr =  Noise figure of the combination of preamplifier and radar receiver in decibels.

The instruction manual? specifies a 15-db receiver noise figure when the AN/MPQ-5
leaves the factory. The A43295 traveling-wave tube can be considered as having a 9-db noise
figure and a small-signal gain of 26 db. Substituting these values, expressed in ratios, in
Equation (1) we get

—_ 100.0 10™% -1
FPR =10 +-1—0sz (2)
or

¥, = 8.03.
P (3)

Converting FppR into decibels, where NpR = 10 log,, FpR, we get Npr = 9.05 db. Since
Ng = 10 log,o FpRr we also get Ng - NpR = 5.95 db-improvement. Variations from the
original factory specifications on roise figure could give a still larger improvement.

MODIFICATION OF THE AN/MPQ-5 RADAR

A type AN/MPQ-5 radar was available on a part-time basis at the (‘hezapeake Bay Annex.
Operating this radar with a traveling-wave tube preamplifier necessitated the following modi-
fication. The A4395 tube?® and associated r-f circuitry were inserted between the TR cavity
and the crystal mixer {Fig. 1) by removing the crystal from its integral combination with the
TR cavity and inserting a matching taper from the cavity to the 50-ohm traveling-wave tube
input; and the 50-ohm output of the traveling~wave tube was fed into the crystal mixer, whose
input was modificd to receiver the 50-ohm output of this tube, In addition, provision was made
tou inject the local uscillator signal at the mixer input.

In order tc facilitate visual observation of the effect of the preamplifier on radar
performance, magnetically controlled coaxial switches were inserted at both the input
and output of the traveling-wave tube, allowing the r-f energy either to pass through the
tube to the crystzl mixer or to bypass the tube and go directly to the mixer. The system
was retuned, and measurements made to ascertain that system conversion loss, operating
without the preamplifier, was equal to system performance before modification. The

oscillaion was appiopriately padded io prevet freguency shift and sower-cutput variation
hecause of load changes, enabling the erystal to operate at the same current with ur without

the traveling-wave tube in the circuit.

el ark SP-1M Rsdar Eguipriaent. NRL Prototype for ANA /MPQ-5 and ANA/SPQ-2 Radar,™
NR1 Repori 3584, Vols. I and 31 (Contidentinl), February 1950

sl’eter, R. W.. “Low-Noise Vraveling- Wave Avaplifiesx, 7 RCA Heview, Vol. XIII, No. 3,
pp. 344-368, September 1952
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Fig. I - Modification of AN/MPQ-% radar
for traveling-wave tube preamplifier
addition

SYSTEM MEASUREMIZNTS

To assure proper traveling-wave tube performance, gain and noise figure of the pre-
amplifier were optimized utilizing laboratory technigues.! The receive: and detector used
for these measuremenis were the AN/MPQ-5 rece‘ver, of one-megacycle bandwidih, and its
associated detector. The noise source wae inserted directly at the TR output. The gain of the
RCA tube, with the radsr operating on 2 frequency of 2810 megacycles, was approximately
28 db.

Without the preamplifier, the noise figure of the AN/MPQ-5 radar was aicasured as
approximately 18 @b, and with the preamplifier it was measured as about 9 db. If 1s eiapha-
sized that these measurements are approximate in the sensg that an error of possibly 10 per-
cent may exist. The radar was avallabl= for only a limlited period of time; so that no elaborate
measurements comld he made, It ig poscsible {6 say on the basis vl ihe measuremants made,
that the addition of the traveling-wave tube definitely improved the noise figure of the radar
system to which it was added.

PERFORMANCE MEASUREMENTS

While the system was in operation, the improvement in periormance could be seen
immediately by observation of the system displav, Becausc of the obvious nature of these
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improvements it was decided that ihe changes in system performance could most easily be
demonstrated by means of photographs. A Land-Polaroid Camera was used to take com-
parisen ohotographs within minutes of each other. The picturcs were snapped, the
preamplifier swiiched out of the sysiem, and another piciure tzken. Bodh piciuves were
then developed.

Because of film characteristics, the improvement visible to the operatcr waiching the
display is not fully shown. The improvements shown, however, are of sufficient magnitude
to warrzant their inclusion.

In the first A-scan photographs (Figs. 2 and 3), a stationary target (A) near noise level
in amplitude was examined. The AN/MPQ-5 autcmatic gain control was turned off and the
galn was adjusted to keep approzimately the same target amplitute in both photographs. The
improvement in noise figure is readily apparent.

Fig. 2a - F‘ifty-mii_e range without Fig. 2b - Fifty-mile range with
preamplifier preamplifier (manual gain reduced)

Fig. 3a - Fiftyv-mile range without Fig. 3b - Fifty-mile range with
preamplifier (high noise ievel) preamplifier (high noise level)
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‘T'he effect of the preampiificr addition can also be shown where the noise level is kept
conctznt. With the preamplifier energized nsing the grevicus target and a distinet target
gaturiation effect is timmediately apparvent (Fig. 3).

The PPI photographs show 2 still more remarkabie improvement. Since se much infor-
mativi is available on the phoiographs, the improvement car besi be noted by examination
of the outlined blocks (Figs. <2 and 4b). A 20-mile sweep iz presented, with the range
measured from the center outward, and the increase in readable targets may be easily
noted. The land masses also appeayr wlih greater distineiness. Figs. 5a and 5b with the
same range, show sysiem operation after the gain was raised to the point where the noise
was painted on the scope. ‘These figures also show a definite increase in target density
when the preamplifier is used.

The operation of the vadar on the 50-mille sweep range (Figs. 6a and (b} presenis more
evidence as to comparative iarget readability with and without the preamplifier. The outer
arens show an increase in target density, and near the extremities there is an increase in
the range at which targets can be detected when the preamplifier 1s used. The noise level
painted on the radar scope was held approximately the same for these photographs, as shown

fom AL o~ 2, AF L. L L Rt I Ty A . -3 £ 4
by ths indicaticn of uolse at the center and <dgc of tie scan.

It was possible to obikin betier-than-normal oeration ¢ -ing this particular experiment.
The radar, located on a 100-foot cliff overlooking C hesapeak . Bay at North Beach, painted
targets on the scope beyond the 100-mile range ma "ker in the Eastern Shore Virginia area
(Figs. Ta and Tb). The outlined areas on the photographs show the increased detail of the
land masses with the addition of the preamplifier.

in the 100-mile photographs taken of the syster: cperating with the gain set so as to
operaio st a high-noise level (with corresponding obscurity of information at shorter
ranges), the improvement in target readability can still be aitained (Fige. 8a and 8b).

CONCLUSIONS

The addition of the RCA type A4395 traveling-wavetube as a preamplifier to the
AN/MPQ-5 radar produced 9 db improvement in noise figure which resulted in correspond-
ing improvement in system performance. This improvement was in two forms: increased
range and increased target readabiltly. It is expected that similar improvements can be
achlieved in other radar systems by means of this type of preamplifier.

The preamplifier had the further characieristic of retaining i¢s optimum performance.
In the teste conducted, the iruveling-wave tube required only a slight adjustment in helix
voltage from day to day, after initial warm-up, to duplicate the previous performances of
9-db noise figure.

The installation of a traveling-~wave tube as a preamplifier to an existing radar, such
as the AN/MDQ-5, {c o rather simple modification. The advantage of the modificstion could
be further enhanced by the replacement of the traveling-wave tube electromagnet by a
permanent magnet, effecting a considerable reduction in size and weight.
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ig. 4b - Twenty-mile range v ith preamplifier
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Fig. 5b - Twenty-mile range with preamplifier {(high noise level)
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Fig. 6b - Fifty-mile range with preamplifier




Fig. 7a - One-hundied-mile range withnut prearaplificr
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