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A neural netork model has been used to characterize the input/out- 
put behavior of the Sinus-6 electron beam accelerator-driven high 
power backward-wave oscillator (BWO) at the University of New 
Mexico [I]. Since this microwave source uses a 10 ns duration elec- 
tron beam that is pulsed from one shot to the next, and since the 
sampling interval in the experimental data is not fixed, a static, 
continuous neural network model was used to fit the data. Simula- 
tion results showed that such a simple nonlinear model is suflicient 
to accurately describe the input/output behavior of the Sinus-6- 
driven BWO and that the fitted output waveforms are essentially 
noiseless [2]. 

The model used in [2] to describe the Sinus-6-driven BWO consists 
of one input and two outputs. A computer-generated trigger pulse 
initiates the closing of a pressurized spark gap switch which leads 
to a high voltage pulse V propagating down a transmission line 
leading to the microwave system. The system S consists of an 
electron gun (also referred to as the anode-cathode ( A  - K) gap) 
and a microwave tube. The electron gun generates an electron beam 
current I for a given accelerator voltage V and A - K gap setting. 
This current propagates through the microwave gun which consists 
of a slow wave structure immersed in a strong axial magnetic field. 
The two outputs from system S are the radiated microwave power 
(yl) (or beam-to-peak envelope power conversion efficiency ( z l ) )  
and the radiated frequency (yz). 

Our recent work has focused on enhancing our simple model by in- 
troducing both the accelerator voltage and beam current (or, more 
accurately, the spark gap switch pressure and A -  K gap setting) as 
physical inputs to our system S. This more realistic mathematical 
model will facilitate the design of a controller to maximize both the 
microwave conversion efficiency and power. Updated results on this 
new model and schemes for its actual hardware implementation will 
be presented. 
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Northrop Grumman’s ongoing development of 
microwave power modules (MPM) provides microwave 
power at various power levels, frequencies, and bandwidths 
for a variety of applications including radar, 
communications, and ECM. Present day requirements for 
the vacuum power booster traveling wave tubes of the 
microwave power module are becoming increasingly more 
demanding, necessitating the need for further enhancement 
of tube performance. The MPM development program at 
Northrop Grumman is designed specifically to meet this 
need by construction and test of a series of new tubes aimed 
at verifying computation and reaching high efficiency 
design goals. Tubes under test incorporate several different 
helix designs, as well as varying electron gun and magnetic 
confinement configurations. Current efforts also include 
further development of state-of-the-art TWT modeling and 
computational methods at Northrop Grumman incorporating 
new, more accurate models into existing design tools and 
developing new tools to be used in all aspects of traveling 
wave tube design. These tools include small signal 
modeling of TWTs in the linear gain regime, large signal 
particle interaction modeling, bedc i rcu i t  coupling 
impedance determination, and electron optics computation 
for optimal gun and collector design. Many of the tools 
under consideration are tools incorporated into the 
Microwavehiillimeter-wave Advanced Computational 
Environment (MMACE) framework. Current status of the 
Northrop Grumman MPM TWT development program will 
be presented. 

‘Work supported in part under Raytheon MMACE 
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A review of t he  perturbation theory t o  calculate t he  
wave propagation constant for a waveguide containing a 
plasma cylinder of small radius on its axis is presented. 
This wave propagation constant is important t o  implement 
s o m e  diagnostic techniques. In the present paper this con- 
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