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3. PRF: 200 - 2000 pps
4. Frequency: 8400 - 9600 Mc

Bea ower
5. — 2 POTT < 9.5 x 102 watts/meter?
(Min range)2

Beam power

6. a@;:‘:;;g;;} > 1 watt/meter?

To determine the basic repeater system parameters, these requirements were used as
a guide,

REPEATER-JAMMER SYSTEM REQUIREMENTS

RF Considerations

A fundamental rf requirement for the repeater is rapid response. In order that the
repeater be effective, it is necessary that its reply arrive at the radar and fall within
its range gate. Since the shortest anticipated pulse width is 0.1 usec, it follows that the
shortest gate to be encountered may not be more than several times longer than this
value., In addition, techniques of leading-edge discrimination could conceivably be applied
against a sufficiently late pulse.

Three possible contributions to the repeater delay exist. The first, transmission-
line delay from the antenna locations to the repeater installation point, can be significant.
The velocity of propagation of a guided wave is given by
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where

u = velocity of propagation
¢ = velocity of light

A = free-space wavelength
Ac = guide cutoff wavelength

A_ = guide wavelength

€ = dielectric constant (-1 for free space).

This indicates that the group velocity can decrease considerably as the frequency
approaches the guide cutoff (2). However, over the usually accepted bandwidth of the
guide, u > 0.64c. Then the delay time is d/u, or less than d/0.64c, where d is the
length of the transmission line. This implies that good installation practice prohibits
long receiving and transmitting lines,
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It is desirable that the repeater not respond to searchlighting search radar, An
attempt to inhibit the repeater response under this condition was based on the fact that
usually search radar does not scan conically. Only signals which were scan modu-
lated were operated upon by the repeater. This was successful, at the expense of
a somewhat lower demodulation sensitivity; i.e., the demodulation sensitivity was set at
a level which might, in the case of extremely tight tracking, be mistaken by the repeater
for a searchlighting search radar. Another technique utilized was to delay response for
a time equivalent to the time a sweeping radar is on target.

An analysis of the various video functions reveals that the most serious problem,
as far as the video functions are involved, is the delay time. The multiple-signal prob-
lem can be solved by assigning a priority on the basis of signal strength, or by replying
to all the signals with the false scan of the strongest signal present on all signals, Again,
components of the scan frequency of all signals present can be placed on the output pulse
train by various means,

The video delay problem can be approached in a number of ways. The obvious solu-
tion is good video amplifier design. Experience with the design of conventional video
amplifiers indicates that the rise time and delay time, which are not one and the same,
are, however, functions of the same design parameters. Within limits, improvement of
one yields an improvement of the other. Wideband design and compensation techniques
should be employed. Another soluation is the use of novel video amplifier techniques,
such as secondary-emission electron multiplier tubes. Transit times for a decade
amplifier can be as short as 20 millimicroseconds (4).

Yet another solution involves a different approach. The traveling-wave amplifier
output tube can be operated in the "on'" condition instead of being gated, as is presently
done. It appears that the delays involved utilizing this technique can be made a minimum
(the delay would be the rf delay of the traveling-wave tubes); however, the beam power
required would be significantlyincreased. Traveling-wave tubes which would satisfy this
system requirement are only now becoming available at lower power outputs.

DESCRIPTION OF TRAVELING-WAVE AMPLIFIER TUBES
AVAILABLE FOR SYSTEM USE

In the last section, it was shown that a power output of about 1 kw is required for the
most severe tactical consideration. Early in this development, an amplifier meeting this
requirement was obtained from Federal Telecommunications Laboratories, Inc., for
system evaluation. Designated the X-210, it was a classified (Confidential) tube developed
under Air Force contract. It was reported to have a gain of about 30 db and a power
output greater than 1 kw over the band 8500 to 9600 Mc. A photograph of this tube is
shown in Fig. 5. The tube requires about 2000 gauss over the active region (about
6-1/2 in.). This field is provided by a liquid-cooled electromagnet of aluminum foil con-
struction. The magnet requires about 1 kw of dc power, but it weighs less than 15 pounds.
NRL tests have revealed a low-level oscillation in the tested sample, but otherwise fairly
satisfactory performance was obtained. The beam voltage is 8 to 9 kv at a current of
about 1 ampere. Since the tube was not constructed for grid pulsing, cathode pulsing was
necessary. This caused a severe system problem in obtaining the required rise time of
the voltage pulse. Table 2 gives the pertinent operating characteristics.

Because the gain of this tube fell somewhat short of the anticipated 30 db, it was felt
necessary to utilize a nominal 10-watt driver tube in order to obtain the maximum
power output and the required system gain. For this purpose, the Federal X-243G tube
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