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ABSTRACT 

The o b j e c t i v e  o f  this program i s  t h e  des ign  and development of a m i l l i m e t e r  

wave device  t o  produce 200 kW of continuous-wave power a t  60 GHz. The dev ice ,  

a gyro t ron  o s c i l l a t o r ,  w i l l  be compatible wi th  power d e l i v e r y  t o  an  e l ec t ron -  

cyc lo t ron  p lasma.  Smooth c o n t r o l  of RF power output  over a 1 7  dB range i s  

r equ i r ed ,  and t h e  device  should be capable  of ope ra t ion  i n t o  a seve re  t i m e -  

varying load  mismatch. 

During t h i s  r e p o r t  pe r iod ,  an a n a l y s i s  of tests on t h e  f i r s t  gy ro t ron ,  S /N  1, 

w a s  undertaken. I n  o r d e r  t o  understand t h e  mechanism by which a frequency 

of 3.5 GHz could be emi t ted  from t h e  gun end of t h e  tube ,  d e t a i l e d  gun tests 

were performed on S/N 1. 

gun t ester . 
These are compared t o  tests on a p rev ious ly -bu i l t  

In  a d d i t i o n  a r a t i o n a l i z a t i o n  of t h e  h igh  azimuthal  mode conten t  from S/N 1 

i s  a l s o  presented .  

Progress  cont inued on t h e  electrical  check-out of a 100 m s  p u l s e  modulator.  
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1.0 INTRODUCTION 

The o b j e c t i v e  o f  t h i s  program i s  t h e  des ign  and development of a m i l l i m e t e r -  

wave device  t o  produce 200 kW of continuous-wave power a t  60 GHz. The device ,  

a gyro t ron  o s c i l l a t o r ,  w i l l  be  compatible  wi th  power d e l i v e r y  t o  an e l ec t ron -  

cyc lo t ron  plasma.  Smooth c o n t r o l  of r f  power output  over  a 1 7  dB range is 

requ i r ed ,  and t h e  dev ice  should be capable  of o p e r a t i o n  i n t o  a seve re  t i m e -  

vary ing  r f  load mismatch. An an  i n t e r i m  goa l ,  demonstrat ion of gyro t ron  per -  

formance wi th  100 m s  p u l s e s  i s  requi red .  

The t e c h n i c a l  b a s e l i n e s  f o r  t h e  gyro t ron  and t h e  a s s o c i a t e d  power supply are 

shown i n  Table  I. Using t h e  gyro t ron  shown schemat i ca l ly  i n  F igure  1-1, a 

magnetron-inject ion e l e c t r o n  gun forms t h e  e l e c t r o n s  i n t o  a hollow beam p u t t i n g  

a cons ide rab le  amount of t h e i r  energy i n  r o t a t i o n  (F igure  1-2). A gradua l ly  

r i s i n g  magnetic f i e l d  (F igure  1-3) from a superconduct ing so lenoid  compresses 

the  beam i n  diameter  whi le  i n c r e a s i n g  t h e  o r b i t a l  energy according t o  t h e  

theory  of a d i a b a t i c  i n v a r i a n t s  u n t i l  approximately 3 / 4  of t h e  beam energy i s  

i n  r o t a t i o n ,  and t h e  r o t a t i o n a l  f requency i s  60 GHz. The magnetic f i e l d  

becomes uniform a t  t h i s  p o i n t  and t h e  beam enters a quas i -op t i ca l  open c a v i t y  

where t h e  sp inning  e l e c t r o n s  i n t e r a c t  wi th  t h e  e igen  mode of t h e  cavi ty  (F igure  

1-4). The r f  energy b u i l d s  up a t  t h e  expense of t h e  r o t a t i o n a l  energy of t h e  

dc  beam (Figure  1-5). The spen t  beam enters  t h e  reg ion  of decreas ing  magnetic 

f i e l d ,  undergoes decompression and impinges on t h e  c o l l e c t o r  (F igure  1-6). The 

la t te r  a l s o  func t ions  as t h e  output  waveguide. To handle  t h e  power i n  the  spent  

beam and t h e  power d i s s i p a t i o n  i n  t h e  window, t h e  output  waveguide t a p e r s  up 

from t h e  c a v i t y  d iameter  t o  an a p p r o p r i a t e  va lue  (F igure  1-7) .  

During t h i s  q u a r t e r ,  p rog res s  w a s  made toward determining t h e  source of an o s c i l -  

l a t i o n  emi t ted  from the gun end of S/N 1. De ta i l ed  tests w e r e  made comparing gun 

performance of S/N 1 wi th  a p rev ious ly  cons t ruc t ed  gun tester. 

A pre l iminary  e v a l u a t i o n  of t h e  cause  of h igh  output  power i n  o t h e r  modes w a s  

also completed. 

Progress  w a s  a l s o  made on a r ev i sed  c a v i t y  des ign  and t h e  e l e c t r i c a l  check-out 

o f  a 100 m s  modulator.  
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TABLE I 

The Gyrotron 

~ 

1. 

Frequency 

Power o u t  

60 GHz 

200 kW RF 

E l e c t r o n i c  e f f i c i e n c y  ~ 35% 

Beam v o l t a g e  70-80 kV 

B e a m  c u r r e n t  7.0 A - 8.0 A 

Modulation v o l t a g e  23 kV 

Magnetic f i e l d  23 .0  kC 

Transverse  t o  l o n g i t u d i n a l  
v e l o c i t y  r a t i o  

The Power Supply 

Voltage r a t i n g  

Curren t  r a t i n g  

Anode supply  v o l t a g e  

Anode supply  c u r r e n t  

Heater supply  v o l t a g e  

Heater supply c u r r e n t  

Operating Modes: 

1.5 - 2.0 

100 kV dc 

10 A 

0-35 kV dc 

<20.0 mA 

0-15 V,  ac 

15 A 

10 us p u l s e  l e n g t h  

1 rns - 100 ms pulse  length 

30 5 t o  c w  

2 
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F i g u r e  1-1 917H S/N 1 gyrotron layout. 
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F i g u r e  1-2 Final magnetron i n j e c t i o n  gun and 
magnetic f i e l d  configurations. 
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ORNL-DWG 81-18693 FED 

G8351 

-I /-- 

COHERENT PHASE SPENT BEAM 

o i  

3o.m 30.80 3i.m 31.80 32.40 a.00 33.80 34.20 34.m 3S.m 3 
2 AXIS IN CM. (FRBM CATHODE SNOUT) 

F i g u r e  1-5 Phase bunc.hing of hollow electron beams. 
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ORNL-DWG 82-2022 F E D  

G9894 

---a- 

2 AXIS IN CM. (FROM CATHODE SNOUT) 

Figure 1-6 Graph ic  p l o t t e r  o u t p u t  of an electron 
beam RF modulated by a cavity, and 
impacting on t h e  c o l l e c t o r  walls. 
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G9895 

F i g u r e  1-7 Raised cosine r a p e r  f o r  t h e  ORNL g y r o t r o n ,  
w i t h  t h e  T E  mode s u p p r e s s e d  1 7 . 3  dB. 
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2.0 PROGRESS 

2 . 1  GENERAL 

During t h i s  r e p o r t  pe r iod  t e c h n i c a l  e f f o r t  w a s  devoted t o  f u r t h e r i n g  t h e  under- 

s tanding  of problems which occurred on S /N 1. These problems w e r e  twofold:  

0 B e a m  i n s t a b i l i t y  - high  mod-anode i n t e r c e p t i o n .  

0 Spurious modes - t hose  w i t h  h igh  azimuthal  index. 

I n  a d d i t i o n  t o  i n v e s t i g a t i o n  of t h e  above problem areas, a r ev i sed  c a v i t y  design 

f o r  S/N 1A w a s  completed. Progress  w a s  a l s o  made on t h e  100 m s  modulator.  

2 . 2  BEAM INSTABILITY 

1 
A s  i n d i c a t e d  i n  t h e  prev ious  r e p o r t  and summarized h e r e ,  anomolous behavior  

of mod-anode i n t e r c e p t i o n  w a s  no ted  dur ing  tests of S/N 1, compared t o  p r i o r  

eva lua t ion  of a gun tester. The gun tester is  a sealed-off gun assembly which 

w a s  eva lua ted  i n  a convent iona l  so lenoid .  The so lenoid  produced a 1300 gauss  

f l a t  a x i a l  f i e l d ,  which is  t h e  des ign  conf igu ra t ion  f o r  magnetic f i e l d  i n  t h e  

gun r eg ion ,  as shown i n  F igu re  1-3 f o r  2 < 0. Under t h e s e  circumstances mod- 

anode i n t e r c e p t i o n  i n  t h e  gun tester w a s  n e g l i g i b l e .  

2 

During tests of S/N 1 ,  however, w i t h  an  i d e n t i c a l  gun magnetic f i e l d  produced 

by a superconduct ing so leno id ,  and wi th  an i d e n t i c a l  gun, mod-anode i n t e r c e p t i o n  

w a s  d i s t u r b i n g l y  h igher .  Two d i s t i n c t l y  separate modes of i n t e r c e p t i o n  were 

noted : 

a. Higher mod-anode i n t e r c e p t i o n  a t  anode v o l t a g e s  above 18 kV. 

b. A t  anode v o l t a g e s  above 11 kV, sudden i n c r e a s e s  i n  mod-anode 

i n t e r c e p t i o n  w e r e  observed which corresponded wi th  an o s c i l l a t i o n  

emanating from t h e  gun a t  a frequency n e a r  t h e  cyc lo t ron  f r e -  

quency of t h e  gun reg ion  (" 3.5 GHz) .  

10 



Diagnost ic  e f f o r t  during t h e  l a t t e r  po r t ion  of t h e  l a s t  q u a r t e r  e l imina ted  t h e  

p o s s i b i l i t y  t h a t  t h e  gun-end o s c i l l a t i o n  w a s  a t t r i b u t a b l e  t o  a phys ica l  reson- 

ance i n  t h e  gun s t r u c t u r e ,  s i n c e  t h e  o s c i l l a t i o n  w a s  magnet ica l ly  tunab le  over 

more than  an oc tave  range ,  whenever a f l a t  a x i a l  f i e l d  w a s  used i n  t h e  gun 

region.  Floreoever, t h e  o s c i l l a t i o n  could be e l imina ted  by us ing  a r a p i d l y  

inc reas ing ,  tapered  magnetic f i e l d .  Therefore ,  t h e  gun-end o s c i l l a t i o n  appears  

t o  be a beam i n s t a b i l i t y  as opposed t o  a gun o s c i l l a t i o n .  

During t h i s  q u a r t e r ,  a plan w a s  devised  t o  e v a l u a t e  t h e  cause  of h igh  mod-anode 

i n t e r c e p t i o n  and t h e  beam i n s t a b i l i t y .  Tests t o  be  implemented inc lude :  

0 Evalua t ion  of t h e  gun tester i n  t h e  superconducting so lenoid .  

Cold test eva lua t ion  of t h e  l o s s y  d r i f t  s e c t i o n  between t h e  gun 

and c a v i t y .  

e Hot test of t h e  gun tester wi th  t h e  lo s sy  d r i f t  s e c t i o n  added. 

0 Continued gun eva lua t ion  of S/N 1. 

De ta i l ed  magnetic f i e l d  probing of t h e  superconduct ing so lenoid .  

In t h i s  r e p o r t ,  gun tester ope ra t ion  i n  t h e  superconduct ing so lenoid  is  com- 

pared wi th  r e s u l t s  from S/N 1. 

Evaluat ion of t h e  l o s s y  d r i f t  s e c t i o n  i s  planned i n  o r d e r  t o  determine t h e  

amount of RF leakage  from t h e  c a v i t y  back toward t h e  gun. Deta i led  magnetic 

f i e l d  measurements of t h e  so lenoid  are considered necessary  because no in  

depth  eva lua t ion  has  been made s i n c e  t h e  so lenoid  w a s  r e p a i r e d  by t h e  manu- 

f a c t u r e r  and r e tu rned  t o  Hughes. 
2 

2 .2 .1  Gun Tester Evalua t ion  

A s p e c i a l  f i x t u r e  f o r  suspending t h e  gun tester i n  t h e  superconducting so lenoid  

w a s  f a b r i c a t e d .  The gun tester was mounted i n  t h e  same p o s i t i o n  wi th in  t h e  

11 



so lenoid  as t h e  gun o f  S /N  1. 

i n  F igure  2-1,  and is  compared wi th  S/N 1. 

"design" conf igu ra t ion  shown i n  F igure  1-3, and i s  t h e  same f o r  both cases. 

The normal ope ra t ing  mod-anode v o l t a g e  i s  18 t o  24 kV. 

Measurement of mod-anode i n t e r c e p t i o n  i s  shown 

The magnetic f i e l d  used is  t h e  

A s  can be seen from Figure  2-1, S/N 1 has  an o r d e r  of magnitude more i n t e r -  

cep t ion  than  t h e  gun tester,  f o r  t h e  same test cond i t ions .  Below 10 kV, i n t e r -  

cep t ion  i s  2 5 mA f o r  bo th  t h e  gyro t ron  and t h e  gun tester. 

however, t h e  beam i n s t a b i l i t y  i s  occurr ing  i n  t h e  gyro t ron ,  as evidenced by t h e  

r ap id  rise i n  mod-anode i n t e r c e p t i o n .  In a d d i t i o n ,  an  o s c i l l a t i o n  a t  a f r e -  

quency of approximately 3.5 G H z  can be de t ec t ed  by a sensitive receiver-antenna 

poin ted  a t  t h e  gun. The gun tester, on t h e  o t h e r  hand, does no t  mani fes t  a 

r ap id  i n t e r c e p t i o n  i n c r e a s e ,  nor  can any beam i n s t a b i l i t y  be de t ec t ed .  

A t  11 kV and above, 

From t h i s  t e s t ,  it is  concluded that t h e  beam i n s t a b i l i t y  is  no t  a t t r i b u t a b l e  

t o  t h e  gun d i r e c t l y ,  bu t  from another  p a r t  of t h e  tube .  The next  phase of t h i s  

eva lua t ion  w i l l  be  t o  add t h e  next gyro t ron  assembly t o  t h e  gun, t h e  lossy 

d r i f t  s e c t i o n ,  which is comprised of a series a l t e r n a t i n g  metall ic and l o s s y  

b e r y l l i a  r i n g s .  Th i s  test w i l l  be  completed dur ing  t h e  next  q u a r t e r .  

2.2.2 Superconducting Solenoid 

F igure  2-1 has  shown t h e  mod-anode i n t e r c e p t i o n  obta ined  wi th  t h e  gun tester 

focused by t h e  superconduct ing so leno id .  This  performance d i f f e r s  considera-  

b l y  wi th  t h a t  ob ta ined  i n  a room tempera ture  so l eno id ,  and repor ted  previous ly .  

The r e s u l t s  of t h e s e  two tests are compared i n  F igure  2-2. 

2 

In t h e  room tempera ture  so l eno id ,  no i n t e r c e p t i o n  i s  d i s c e r n i b l e  up t o  20 kV. 

This measurement is l i m i t e d  t o  about 1 mA by t h e  t o r o i d a l  c u r r e n t  t ransformers  

employed f o r  t h e s e  s h o r t  p u l s e  (15 ps) tests. The f a c t  t h a t  t h e r e  i s  worse 

i n t e r c e p t i o n  i n  t h e  superconduct ing so lenoid  l e a d s  t o  t h e  p o s s i b i l i t y  t h a t  

t h e  t r a n s v e r s e  f i e l d  of t h i s  so lenoid  may be a f f e c t i n g  gun performance. 

12  



ORNL-DWG 82-2026 F E D  

G I  0575 , 

I- 

MOD ANODE INTERCEPTION 
vs 

MOD ANODE VOLTAGE 
"DESIGN" MAGNETIC f IELD 

SUPERCONDUCTING SOLENOID 
Et( = -70 kV 
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MOD ANODE VOLTAGE (kV) 

F i g u r e  2-1 Comparison of  mod-anode i n t e r c e p t i o n  f o r  t h e  
gun tester and S/N 1 i n  t h e  superconduct ing  
s o l e n o i d .  
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I t  should  b e  noted  t h a t  t h e  p r e s e n t  t u b e  c o n f i g u r a t i o n  i s  such t h a t  o n l y  0.025" 

o f  r a d i a l  movement i s  p o s s i b l e  i n  t h e  s u p e r c o n d u c t i n g  s o l e n o i d .  The p r e s e n t  

p o s i t i o n  of t h e  gun w i t h  r e s p e c t  t o  t h e  s o l e n o i d  i s  t h a t  f o r  optimum RF per -  

formance of t h e  g y r o t r o n  SIN 1, which a t t a i n e d  112 kW of power, much less t h a n  

t h e  200 kW d e s i r e d .  

o f  t h e  t u b e  w i t h  t h e  magnet ic  a x i s .  

Tube performance may have been  l i m i t e d  by poor  a l ignment  

For t h i s  r e a s o n ,  a c c u r a t e  a x i a l  and t r a n s v e r s e  f i e l d  measurements of  t h e  super-  

conduct ing  s o l e n o i d  are  planned f o r  t h e  n e x t  q u a r t e r .  Alignment f i x t u r e s  have 

b e e n  o r d e r e d  which w i l l  p e r m i t  p r o b i n g  o f f  t h e  geometr ic  a x i s  of  t h e  w a r m  bore .  

2 . 2 . 3  Gyrot ron  S /N 1 

The beam i n s t a b i l i t y  has b e e n  observed  whenever a f l a t  (no Br component) mag- 

n e t i c  f i e l d  i s  used i n  t h e  gun r e g i o n  of t h e  g y r o t r o n ,  b u t  n o t  i n  t h e  gun 

tester.  When t h e  gun magnet ic  f i e l d  is  r a p i d l y  t a p e r e d ,  no e v i d e n c e  o f  a n  

i n s t a b i l i t y  is  n o t e d .  A l s o ,  f o r  t h e  t a p e r e d  f i e l d  case, mod-anode i n t e r c e p t i o n  

is  c o n s i d e r a b l y  reduced .  

f o r  t h e  case of a f l a t  magnet ic  f i e l d  compared w i t h  a t a p e r e d  magnet ic  f i e l d  

o v e r  t h e  gun r e g i o n .  

F i g u r e  2-3 i l l u s t r a t e s  S / N  1 mod-anode i n t e r c e p t i o n  

F i g u r e  2 - 3  shows t h e  d r a m a t i c  improvement i n  beam i n t e r c e p t i o n  o b t a i n e d  by 

u s i n g  a t a p e r e d  magnet ic  f i e l d  i n  t h e  gun. I n  t h e  mod-anode v o l t a g e  r a n g e  

from 18 t o  2 1  kV, r e a s o n a b l e  p u l s e d  RF measurements could  be made w i t h o u t  l o a d i n g  

down t h e  cathode-modulated power s u p p l y  w i t h  e x c e s s i v e  c u r r e n t  through t h e  mod- 

anode d i v i d e r  network. The t a p e r e d  magnet ic  f i e l d  i s ,  i n  f a c t ,  t h e  f i e l d  

c o n f i g u r a t i o n  used f o r  a11 t h e  RF d a t a  o b t a i n e d  t o  d a t e .  

One f u r t h e r  test  w a s  performed i n  o r d e r  t o  b e t t e r  c h a r a c t e r i z e  t h e  beam i n s t a -  

b i l i t y  and h i g h  mod-anode i n t e r c e p t i o n  problem. T h i s  test  c o n s i s t e d  of  opera- 

t i n g  S/N 1 w i t h  t h e  "design" ( f l a t )  magnet ic  f i e l d  i n  t h e  gun,  b u t  t e r m i n a t i n g  

t h e  magnet ic  f i e l d  i n  t h e  l o s s y  d r i f t  r e g i o n ,  t h e r e b y  p r e v e n t i n g  t h e  beam from 

e n t e r i n g  t h e  c a v i t y .  F i g u r e  2-4 compares mod-anode i n t e r c e p t i o n  f o r  t h i s  test 

w i t h  t h e  case where t h e  "des ign"  magnet ic  f i e l d  i s  used throughout  t h e  t u b e .  

(The magnet ic  f i e l d  i s  t e r m i n a t e d  by t u r n i n g  o f f  t h e  c a v i t y  c o i l s  and compensating 

t h e  gun c o i l s  t o  produce  a f l a t  f i e l d ,  as de termined  by computer c a l c u l a t i o n s ) .  
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Up t o  18 kV, i n t e r c e p t i o n  i s  approximately t h e  same. Over 18 k V ,  t h e  con- 

t i n u o u s  magnetic f i e l d  which a l lows  t h e  beam t o  p a s s  through t h e  c a v i t y  

r e s u l t s  i n  h igher  mod-anode i n t e r c e p t i o n .  When t h e  magnetic f i e l d  i s  termi- 

na ted  i n  t h e  d r i f t  reg ion  be fo re  t h e  c a v i t y ,  i n t e r c e p t i o n  remains r e l a t i v e l y  

cons t an t  up t o  mod-anode v o l t a g e s  of 28 kV.  One of two reasons ,  o r  poss ib ly  

both i n  combination, may account f o r  t h e  sharp  rise i n  mod-anode i n t e r c e p t i o n  

f o r  t he  case  of t h e  cont inuous magnetic f i e l d .  

The f i r s t  p o s s i b i l i t y  i s  t h a t  beam r e v e r s a l  i s  occurr ing  because too  much ro t a -  

t i o n  i s  being imparted t o  t h e  beam. Computer p r e d i c t i o n  of beam reversal f o r  

t h i s  gun occurs  when mod-anode v o l t a g e  exceeds 2 3  kV, whi le  F igure  2-4 i nd i -  

c a t e s  r e v e r s a l  may be occur r ing  a t  18 kV and above. B e a m  r e v e r s a l  may mani fes t  

i t s e l f  as high mod-anode i n t e r c e p t i o n  by u p s e t t i n g  t h e  balanced space charge 

f o r c e s  i n  t h e  gun reg ion  as t h e  reversed  e l e c t r o n s  r e t u r n  toward t h e  cathode. 

This  i s  analogous t o  h igh  c i r c u i t  i n t e r c e p t i o n  i n  a TWT as too  much c o l l e c t o r  

depress ion  i s  app l i ed .  This  phenomenon in t roduces  a f i n i t e  t i m e  de l ay  i n  t h e  

gyro t ron  f o r  e l e c t r o n s  t o  accelerate a x i a l l y ,  then  d e c e l e r a t e  t o  ze ro  v e l o c i t y  

and then  reverse course.  The c a l c u l a t e d  round t r i p  t r a n s i t  t i m e  between t h e  

cathode and c a v i t y  i s  10 ns wi th  70 kV app l i ed .  However, t h i s  de lay  is  con- 

s i d e r a b l y  s h o r t e r  t han  t h e  observed t i m e  d e l a y s  as long as 10 u s  p rev ious ly  

repor ted .  Therefore ,  beam r e v e r s a l  because of magnetic mi r ro r ing  does no t  

i n  i t s e l f  exp la in  t h e  high mod-anode i n t e r c e p t i o n .  

1 

The second p o s s i b l e  reason  f o r  h igh  mod-anode i n t e r c e p t i o n  i s  RF defocusing due 

t o  a slow plasma wave t r a v e l i n g  w i t h i n  t h e  beam. Such phenomena of beam waves 

have been widely repor ted  i n  t h e  l i t e r a t u r e ,  and one compilat ion is  given i n  

t h e  r e fe rences .  Without i d e n t i f y i n g  any one s p e c i f i c  beam mode, t h e  fol lowing 

conclus ions  may be drawn t o  d a t e :  

t h e  frequency of t h e  beam mode i s  r e l a t e d  t o  t h e  cyc lo t ron  frequency 

i n  t h e  gun where t h e  magnetic f i e l d  is  homogenous; 

e t h e  magnetic t u n a b i l i t y  of t h e  beam wave i s  g r e a t e r  than  an oc tave ;  

18 



no geometr ic  resonance i s  apparent  in t h e  gun reg ion  which would 

account f o r  t h i s  wide tun ing  range;  

a t h e  gun tes ter ,  which used an i d e n t i c a l  gun as S f N  1 ,  d id  not  e x h i b i t  

unusual  mod-anode i n t e r c e p t i o n ,  nor  Rf: emanations; 

t h e  beam wave must t h e r e f o r e  be generated .in ano the r  p a r t  of t h i s  

t ube ,  i . e .  t h e  l o s s y  d r i f t  s e c t i o n ;  

t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  l o s s y  d r i f t  s e c t i o n  are such t h a t  

t h e  lowest o r d e r  mode t h a t  could poss ib ly  be generated o r  propagated 

by t h e  w a l l s  i s  a t  9 G H z ,  whereas f r equenc ie s  from 2.5 t o  5 GHz have 

been observed. 

These conclus ions  suppor t  t h e  concept of a beam space charge i n s t a b i l i t y , p r o -  

pagat ing along t h e  beam i n  t h e  d r i f t  s e c t i o n ,  emanating outward from t h e  gun 

and s p o i l i n g  t h e  equ i l ib r ium of t h e  beam, causing h igh  mod-anode i n t e r c e p t i o n .  

Remaining tests are expected t o  lend  f u r t h e r  credence t o  t h i s  hypothes is :  

co ld  and hot  tests of t h e  l o s s y  d r i f t  s e c t i o n .  These tests are expected t o  be 

completed i n  t h e  nex t  q u a r t e r .  

2 . 3  RF CAVITY 

The c a v i t y  used i n  S / N  1 w a s  s e l e c t e d  on t h e  b a s i s  of ease of o s c i l l a t i o n  and 

mode sepa ra t ion .  A c a v i t y  Q of approximately 700 w a s  used so  t h a t  t h e  t h r e s -  

hold f o r  s tart  o s c i l l a t i o n  would be conse rva t ive ly  low f o r  t h e  f i r s t  o s c i l l a t o r .  

A t  t h e  same t i m e ,  a c a v i t y  of normall ized l e n g t h  equal  t o  7 . 5  w a s  chosen t o  

widely s e p a r a t e  t h e  p o s s i b l e  i n t e r f e r i n g  modes. A consequence of t h i s  choice  

is t h a t  t ube  e f f i c i e n c y  i s  compromised, which w a s  an accep tab le  t r adeof f  f o r  

t h e  f i r s t  tube.  Output power i n  t h e  TE02 mode w a s  r e l a t i v e l y  s t a b l e  and t u b e  

o s c i l l a t i o n s  w e r e  sus t a ined  a t  beam c u r r e n t s  as low as 1 .0  Amp. 
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Del ibe ra t e  detuning of  t h e  magnetic f i e l d  w a s  implemented i n  o rde r  t o  sea rch  

o u t  o t h e r  modes. These r e s u l t s  w e r e  p rev ious ly  r epor t ed  and are r a t i o n a l i z e d  

he re in .  Modes wi th  high l o n g i t u d i n a l  index w e r e  found, and t h e s e  are a t t r i -  

1 

bu tab le  t o  t h e  unusual ly  long c a v i t y  chosen. The ampli tudes of t h e  non- 

symmetric modes, however, were unexpectedly high i n  comparison t o  TE02 ou tpu t .  

The high e f f i c i e n c y  of modes wi th  l a r g e  azimuthal  index l e a d s  t o  t h e  b e l i e f  

t h a t  t h e  beam may have been o f f  center,  lending  f u r t h e r  credence t o  t h e  t u b e ' s  

poor magnetic alignment.  The d i sp laced  beam may have been more optimum f o r  

non-symmetric modes than  f o r  t h e  TE02. 

t h e  so lenoid  should v e r i f y  t h i s  conclusion.  

Planned magnetic f i e l d  measurements of 

A c a v i t y  des ign  which w i l l  p rovide  more optimum performance has  been considered.  

Severa l  des igns  wi th  t h e o r e t i c a l  Q's of 280 t o  400 have been evolved. F ig -  

u r e  2-5 i s  a sca l ed  computer p l o t  of t h e  gene r i c  cavi t ies  f o r  t h e  next  tube  

i n t e r a t i o n .  Three v e r s i o n s  of t h i s  type  of c a v i t y  have been ordered.  Cold 

tests w i l l  determine a f i n a l  choice  f o r  u se  i n  t h e  next  gyrotron.  

2.4 MEDIUM PULSE POWER SUPPLY 

Test ing  t o  d a t e  has  been conducted wi th  a s h o r t  p u l s e  power supply having a 

20 us p u l s e  width c a p a b i l i t y .  Th i s  supply has  been adequate  f o r  d i a g n o s t i c  

r e s u l t s  of t u b e  performance. A supply w i t h  100 m s  p u l s e  c a p a b i l i t y  has  

r e c e n t l y  been assembled and i s  p r e s e n t l y  being e l e c t r i c a l l y  eva lua ted .  This  

supply has  reached a 75 kV, 10A power level, opera ted  i n t o  a w e t  load .  The 

v o l t a g e  of t h e  modulator swi tch  tube  i s  s l i g h t l y  g r e a t e r  than  t h i s  app l i ed  

vo l t age ,  and some breakdown t o  ground has  been noted.  This  problem must be 

reso lved  i n  o r d e r  t o  apply v o l t a g e s  as h igh  as 80 kV t o  t h e  gyro t ron .  

E f f o r t  i s  cont inuing  on t h e  modulator check-out. 
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3.0 SCHEDULE 

3.1 PROGRAM SCHEDULE 

The program schedule as  proposed for FY-82 and 83 is shown on the attached 

milestone charts. 
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