September 1969

NASA TECH BRIEF

Brief 69-10407

NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program,
to encourage their commercial application. Copies are available to the public at 15 cents each
from the Clearinghouse for Federal Scientific and Technical Information, Springfield, Virginia 22151.

A Positive Taper Traveling-Wave Tube

The problem:

In a traveling-wave tube used in space communica-
tion systems having a uniform slow-wave circuit
throughout its length, the phase velocity of the
fundamental component of rf beam current at the
output increases relative to the phase velocity of the
wave carried by the slow-wave circuit. Conse-
quently, there is a loss of synchronism between the
circuit electromagnetic wave and the rf beam cur-
rent wave. This results in a loss of linearity and reduc-
tion of beam conversion efficiency.

The solution:

Synchronism can be maintained between the rf
beam current and the circuit electromagnetic waves
over substantially the entire length of the tube by
increasing the pitch of the last portion of the helical
wave structure.

How it’s done:

A space-type S-band traveling-wave tube (the
WJ-274) was constructed with a helical wave struc-
ture 7.03 inches long. The downstream end of the
helical wave structure was 4.27 inches long with a
pitch of 61.3 turns per inch; the last 0.61 inch had an
increased pitch with 56 turns per inch.

For this tube configuration, the difference in small
signal gain and saturation gain was only 3 dB. Satura-
tion gains of 30 to 35 dB were obtainable with min-
imum degradation of tube efficiency. The overall
efficiency of the tube was 42 percent at an output
power level of 25 watts.
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56 Turns per Inch

61.3 Turns per Inch

Positive Taper Helix
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