Propagation of Short Radio Pulses through Delay Line of a Cold TWT
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Abstract: A technique for the simulation of wideband
non-stationary electromagnetic fields excited in a regular
dispersive delay line by an electron beam is proposed. This
is based on a generalized wave equation numerical solving.
A particular case of the technique use is shown by the
simulation of short radio pulse advance in the delay line of
the Northrop-Grumman ““cold” traveling wave tube.
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Introduction

Due to their exceptional broadbandness, traveling wave
tubes (TWTSs) theoretically can amplify very short radio
pulses. These pulses might be used in UWB radars, digital
telecommunications with high data transfer rates [1], etc.
Simulation of such operating modes of TWTs demands
new theoretical approaches like the spectral one [2]. As the
first stage, a technique of evaluation of short radio pulse
propagation in delay line of a “cold” TWT is considered in
this paper. One allows separating distortions of the pulses
caused by the line dispersion from effects produced by
electron beam in amplifying TWT.

Simulation Technique
The continuous approximation of the regular dispersive

delay line [3] is used. The vector potential A(t,x,y,z) for

each wave mode (the line passband) can be calculated as a
series in the longitudinal wavenumber £
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where 5\g(x, y,z,3) is so-called regular mode of the line
[periodic with the line period D complex envelope of the
line eigenmode A (x,y,z,/3) in the longitudinal direction

z, 50 that A (x,Y,2,8) = A (X, y,Z,B)exp(-ifz) ]. ug(t2)
is a temporal and longitudinal dependence of the regular
mode instantaneous value. The subscript 0 implies that an
item is taken at £ = 0. A generalized wave equation for ug is
azUQ +2£ u _idzé‘eo azug + 1 d45e0 aAug -
ot ot U0 2rdpt er M dpt ot

1d*(@;), 82ug +id4(a)§)0 64ug

2
-|-(CUe )Oug - 21 dﬂz azz 41 dﬂ4 624 —
1 z+D/2 A;o(x!y!é’)T
= — dé’ dXdy ~—J(tvxlyl§)
2D z—E[/Z i |: WgO

io(A)g 1o (AP
110 W, e 210p° | W, 0622
PRI R i O Ml e
3Lop*\W, ) oz*  4ropt(W, ) ozt

where (t,X,Y,z) isthe exciting current density; @, (5) and

0, () are the eigenfrequency and the damping factor of the line
eigenmode respectively; S, is the line transverse (x,y) section.

V\79 () is the linear unit pseudoenergy of the regular mode:
W, (8) = =2 [ dz [ dxdyA, (x,y.2. )& (%, V.2, 5)..
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Assuming o, =0 and approximating the line dispersion
characteristic within the TWT operating frequency band by
a second-order polynomial ,(f)=b,+b g +b,A°, a

finite-difference equation was constructed. This uses a sec-
ond-order pattern along the time coordinate and second-
order and fourth-order ones in the longitudinal direction:
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(the orders of the polynomial and of the equation in z direc-
tion may be increased, if needs). The equation is solved
with an explicit three-layer finite-difference scheme. Expe-
diency of implicit schemes application is under considera-
tion now. The right-hand part of the wave equation is sub-
stituted with some source function s(t,z), which emulates
entering the pulse into the line by an input signal.

Numerical Results

As an example, advance of a short radio pulse excited by
the function s(t,0) (Fig. 1) having rectangular spectrum in
the frequency range f=1...7 GHz (see Fig. 2) in the North-
rop-Grumman TWT [4] delay line with by =3.1-10" m/s
was simulated. The shape of ug(t,z) function at t =6 ns for
by =0, b, =0 (no dispersion) is shown in Fig. 3. With fitted



for the line dispersive factors by = 0.5-10° rad/s, b, = 2.5:10°
m?/(rad-s), the distortion of the pulse spectrum on the line
length of 10 cm is visible, but not quite “pictorial”. There-
fore, the factors bg, b, were augmented over the actual ones.
Fig. 4 shows ug(t,z) function at t=6 ns for by = 1.5:10°
rad/s, b,=0. In Fig. 5, the same function is shown for
by = 0, b, = 5:10° m?/(rad-s). Finally, the time spectrum of a
certain “electric field function” e, (t,z) = —du,(t,z)/ot at

z=10 cm is shown in Fig. 6 for by=1.5-10° rad/s,
b, = 5-10° m%(rads). It is obviously that the dispersion,
causing “spreading” the pulse in the time and the space,
lowers the upper-frequency part of the pulse spectrum.

Conclusion

The offered technique allows estimating “cold” distortions
of pulses for regular lines. The next step is use of one for
simulation of the pulses amplification in operating TWTS.
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