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ABSTRACT 

The o b j e c t i v e  of t h i s  program has  been changed from deve lop ing  a 

microwave amplifier o r  o s c l l l a t o r  c a p a b l e  of producing  200 kW (2 power 

o u t p u t  a t  110 G H z  t o  deve lop ing  families of microwave o s c i l l a t o r s  capable of  

producing  200 kW of peak power o u t p u t  a t  60 G H z  and some h i g h e r  f r equency ,  

p o s s i b l y  90 G H z  o r  110 GHz, with p u l s e  d u r a t i o n s  a t  100 ms, 30 s and CW. 

The use of c y c l o t r o n  r e sonance  i n t e r a c t i o n  is being pursued .  

The e a r l y  d e s i g n  phases  of t h i s  program are d i s c u s s e d .  



I. INTRODUCTION 
a 

The o b j e c t i v e  of t h i s  program h a s  been changed from deve lop ing  a 

microwave a m p l i f i e r  o r  o s c i l l a t o r  c a p a b l e  o f  producing  200 kW of CW power a t  

110 GHz t o  deve lop ing  families of  microwave o s c i l l a t o r s  c a p a b l e  of producing  

200 kW of peak power o u t p u t  a t  60 GHz and some h igher  f r equency ,  p o s s i b l y  90 

GHz or 110 GHz, w i t h  p u l s e  d u r a t i o n s  a t  100 m s ,  30 s and CW. T u n a b i l i t y  o r  

bandwidth i s  no t  c o n s i d e r e d  an impor t an t  parameter  i n  t h e  d e s i g n ,  bu t  

e f f i c i e n c y  is. Mode p u r i t y  i n  t h e  o u t p u t  waveguide is n o t  a r equ i r emen t  f o r  

t h e  d e v i c e ,  b u t  t h e  c i r c u l a r  e l e c t r i c  mode i s  c o n s i d e r e d  des i r ab le  because 

of  i t s  low loss p r o p e r t i e s .  

With t h e s e  o b j e c t i v e s  i n  mind, an approach  based on c y c l o t r o n  r e sonance  

i n t e r a c t i o n  between an e l e c t r o n  beam and microwave f ie lds  is be ing  p u r s u e d .  

The d e t a i l e d  arguments  l e a d i n g  t o  t h i s  approach  are con ta ined  i n  t h e  f i n a l  

r e p o r t  o f  a p reced ing  s t u d y  program.' 

p a r t i c u l a r  i n t e r e s t ,  ca l led  g y r o t r o n s ,  have been d i s c u s s e d  i n  r e c e n t  

l i t e r a t u r e .  2-5 

c y l i n d r i c a l  r e s o n a t o r s  of t h e  TEom, c lass .  

The d e v i c e  c o n f i g u r a t i o n s  of 

They employ a hol low e l e c t r o n  beam i n t e r a c t i n g  w i t h  

The optimum beam f o r  t h e  c y c l o t r o n  r e sonance  i n t e r a c t i o n  i s  one i n  

which t h e  e l e c t r o n s  have most o f  t h e i r  energy  i n  v e l o c i t i e s  p e r p e n d i c u l a r  t o  

t h e  axial  magnet ic  f i e l d .  Another r equ i r emen t  is t h a t  t h e  s p r e a d  i n  t h e  

axial  components of t h e  e l e c t r o n  v e l o c i t i e s  be as small as p o s s i b l e .  

E l e c t r o n s  whlch have d i f f e r e n t  axial v e l o c i t i e s  w i l l  n o t  i n t e r a c t  

e f f i c i e n t l y .  

The approach  chosen t o  g e n e r a t e  the ,beam is a magnetron t y p e  of gun as 

is used on t h e  28 GHz g y r o t r o n ,  also developed  f o r  Oak Ridge N a t i o n a l  

L a b o r a t o r y .  6 9 7  

t h e  gun r e g l o n  becomes q u i t e  i m p o r t a n t .  

W i t h  t h i s  t y p e  of gun t h e  shap ing  of t h e  magnet ic  f i e l d  i n  

2 The 60 GHz g y r o t r o n  development i s  p r o g r e s s i n g  on s c h e d u l e .  The 3A/crn 

gun d e s i g n  is n e a r i n g  comple t ion .  The s u p e r c o n d u c t i n g  s o l e n o i d  magnet 

d e s i g n  is n e a r l y  comple te .  Techniques  f o r  l o a d i n g  t h e  anode d r i f t  t u b e  a r e  

belng i n v e s t i g a t e d .  Overcoming t h e  pumping impedance a t  t h e  small beam 
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t u n n e l  is  being e x p l o r e d .  Cold test  models are be ing  fabricated and c o l d  

test compor..ats are on o r d e r .  

complete and ceramics are on order.  

The microwave d e s i g n  of t h e  window is 

The 110 GHz g y r o t r o n  development  has been t e r m i n a t e d .  P r i o r  t o  

t e r m i n a t i o n  the  e l e c t r o n  gun computer  d e s i g n  was completed and mechanica l  

d e s i g n  s tar ted.  A d r i f t  t u b e  load c a v i t y  had been d e s i g n e d .  Cold t e s t  

measurements  d i r e c t e d  a t  d e t e r m i n i n g  t h e  e f f e c t i v e  i n t e r a c t i o n  c a v i t y  l e n g t h  

were comple ted .  A v a r i e t y  of o u t p u t / c o l l e c t o r  c o u p l i n g  schemes were 

c o n s i d e r e d .  A window was d e s i g n e d  and ceramics r e c e i v e d .  P i e c e  p a r t s  f o r  

t h e  w a t e r l o a d ,  power sampler and arc detector were r e c e i v e d .  

2 



11. 60 GHz 200 kW PEAK OSCILLATOR 

A .  RON GU- 

The 60 GHz gun d e s i g n  has a mean c a t h o d e  r a d i u s  of 0.175". The c a t h o d e  

loading is 3 A/cmC.  A p l o t  of n i n e  t r a j ec to r i e s  is shown i n  F i g u r e  1 .  

F i g u r e  2 shows t h e  t r a n s v e r s e  ene rgy  p r o f i l e  for t h e  6 0  GHz gun d e s i g n  

whose t ra jec tor ies  were p l o t t e d  i n  F i g u r e  1 .  The t r a n s v e r s e  v e l o c i t y  

v a r i a t i o n  of t h i s  d e s i g n  is d . 2 5 % .  The d e s i g n  c a l l s  f o r  a curved  back 

f o c u s  e l e c t r o d e .  

A d d i t i o n a l  work w i l l  be done t o  see i f  t h e  curved  back f o c u s  e l e c t r o d e  

can  be r e p l a c e d  by a s t r a i g h t  ( c o n i c a l )  one .  - 

S i n c e  i t  is d e s i r e d  t o  i n c r e a s e  t h e  bucking  c o i l  r a d i u s  i n  o r d e r  t o  

a c h i e v e  b e t t e r  v o l t a g e  h o l d o f f  c h a r a c t e r i s t i c s ,  a d d i t i o n a l  r u n s  w i l l  be made 

t o  v e r i f y  t ha t  a s a t i s f a c t o r y  t r a n s v e r s e  ene rgy  p r o f i l e  can  be o b t a i n e d  w i t h  

t h e  l a rge r  r a d i u s .  

A new Var i an  m a g n e t o s t a t i c  program h a s  now become a v a i l a b l e  which 

computes t h e  no rma l i zed  f lux  a r r a y  for  an i r o n - f r e e  magnet sys tem i n  a form 

s u i t a b l e  for  u s e  i n  t h e  gun program. Both  on -ax i s  and o f f - a x i s  ax ia l  a n d  

r a d i a l  components of f l u x  d e n s i t y  are  computed as well as t h e  v e c t o r  

p o t e n t i a l .  T h i s  new program is in t h e  f i n a l  s t a g e  o f  debugging and w i l l  be 

used for f u t u r e  computa t ions  on t h i s  p r o j e c t .  

c -  - 
1. Anode Design  - Beam Tunnel  

The beam t u n n e l  d e s i g n  is s k e t c h e d  i n  F i g u r e  3. T h i s  assembly  i s  

composed of t h e  second anode e l e c t r o d e  face on one end and t h e  load c a v i t y  

on t h e  other end .  Following t h e  a d i a b a t i c  compress ion  of t h e  e l e c t r o n  beam, 
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WEIGHTED MEAN TRANSVERSE ENERGY I.I = 66,226 keV 
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FIGURE 2. TRANSVERSE ENERGY PROFILE OF PRELIMINARY 60 GHz GUN DESIGN 
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t h e  beam t u n n e l  c o n t r a c t s  i n  d i a m e t e r  as it r u n s  toward t h e  i n t e r a c t i o n  

c l r cu i t  I - 3 r d e r  t o  p r e v e n t  p a r a s i t i c  o s c i l l a t i o n s  i n  t h e  beam t u n n e l ,  

t h i s  r e g i o n  h a s  been des igned  for h i g h  rf loss .  C a r b e r l o x  loss rings, 

a l t e r n a t e d  w i t h  metal beam s h a v i n g  r i n g s ,  p r o v i d e  an axisymroetric loss 

s t r u c t u r e .  The c a r b e r l o x  rings are recessed, w i t h  a l a r g e r  i n n e r  d i a m e t e r  

than t h e  beam s h a v i n g  r i n g s  t o  p r e v e n t  e lec t ros ta t ic  c h a r g i n g  by s t r a y  

e l e c t r o n s .  To a v o i d  any c y l i n d r i c a l  s t r u c t u r e  which i s  c a p a b l e  of e x c i t i n g  

o s c i l l a t i o n s ,  t h e  i n d i v i d u a l  metal beam s h a v e r s  have  c o n i c a l l y  t a p e r e d  beam 

holes.  A t  c r i t i c a l  l o c a t i o n s  such  as t h e  anode face and t h e  e n t r a n c e  t o  t h e  

load c a v i t y ,  t h e  s h a v e r s  w i l l  be made of molybdenum t o  reduce s p u t t e r i n g  

damage i n  case of beam i n t e r c e p t i o n .  Enclosed  i n  a coppe r  s l e e v e ,  t h e  

e n t i r e  beam t u n n e l  assembly  w i l l  be housed i n  a w a t e r  j acke t .  Ceramic p a r t s  

for t h e  beam t u n n e l  are on o r d e r  and mechan ica l  d e s i g n  of t h e  assembly  is  i n  

progress .  

2. Anode Des ign  - Gun Pumping Mani fo ld  

I n  o r d e r  t o  avo id  cathode po i son ing  d u r i n g  gas b u r s t s  i n  t h e  t u b e ,  it 
> is n e c e s s a r y  t o  p r o v i d e  s u f f i c i e n t  (- 1 L/sec) pumping speed  a t  t h e  gun.  

U n f o r t u n a t e l y ,  because  of s p a c e  r e s t r i c t i o n s  , t h e  g y r o t r o n  VacIonR pumps 

must be l o c a t e d  a t  t h e  co l lec tor  end of t h e  t u b e  and t h e  beam t u n n e l  i s  t h e n  

used as t h e  pumping p a t h  t o  t h e  gun. The a d d i t i o n  of a s e p a r a t e  gun pumping 

man i fo ld  h a s  become n e c e s s a r y  i n  high f requency  g y r o t r o n s  because ,  as t h e  

beam t u n n e l  diameter is r e d u c e d ,  t h e  pumping speed of t h e  beam t u n n e l  

pumping p a t h  d r o p s  s h a r p l y  as shown i n  Tab le  I .  

TABLE I 
Pumping Speed 

F r e q .  Pumping 
Device (Ghz 1 Speed (11/s) 

VG A-8000 26 3.0 

VGE-8060 60 0.4 

VGT-80 10 110 0.05 

The gun pumping man i fo ld  will su r round  t h e  beam t u n n e l  assembly  and 

t e r m i n a t e  n e a r  t h e  face of t h e  second anode .  A separate 8 L/sec VacIon pump 

7 



w i l l  connec t  i n t o  t h e  pumping man i fo ld  v i a  a long pumping l i n e  which r u n s  

toward t h e  col lector  end of t h e  t u b e .  
0 

P a s t  e x p e r i e n c e  h a s  shown t h a t  I t  is n e c e s s a r y  t o  baffle t h e  gun end of 

t h e  gun pumping mani fo ld  w i t h  an rf s i e v e  in o r d e r  to  avo id  rf h e a t i n g  of 

t h e  a u x i l i a r y  VacIon pump. The s i e v e  must a t t e n u a t e  rf w i t h o u t  c u t t i n g  down 

on t h e  pumping speed .  Assuming t h a t  t h e  s i e v e  w i l l  c o n t a i n  a large number 

of long,  c i r c u l a r  c r o s s - s e c t i o n  h o l e s ,  t h e  optimum hole  s i z e  for good 

pumping s p e e d ,  combined w i t h  good rf a t t e n u a t i o n ,  l i e s  i n  a narrow r a n g e ,  a s  

shown i n  F i g u r e  4. With a s u i t a b l e  s i e v e  d e s i g n ,  t h e  gun pumping sys tem 

s h o u l d  p r o v i d e  a , t o t a l  pumping speed  of -2 L/sec a t  t h e  gun.  Mechanical  

d e s i g n  of t h e  pumping man i fo ld  is p r o c e e d i n g .  

3. C a v i t y  Des ign  

Cold t e s t  c a v i t i e s  f o r  the  60 GHz o s c i l l a t o r  have been f a b r i c a t e d .  The 

TEO2 c a v i t y ,  when p r o p e r l y  l o a d e d ,  h a s  an e x t e r n a l  Q o f  520 2 50. 

cold tests are i n  p r o g r e s s  on t h e  TEO2 and TEO3 c a v i t i e s .  

F u r t h e r  

Exper i ence  w i t h  t h e  28 GHz o s c i l l a t o r  i n d i c a t e s  t h a t  modes o the r  t h a n  

t h e  d e s i r e d  c a v i t y  mode may compete for  i n t e r a c t i o n  w i t h  t h e  e l e c t r o n  beaa. 

P a r t i c u l a r l y  troublesome are modes w i t h  t h e  same r a d i a l  mode number and 

r o u g h l y  t h e  same f requency  as t h e  d e s i r e d  mode. The competing mode 

d e n s i t i e s  of a 60 GHz TEO, and a 60 CHz TEO2 o s c i l l a t o r  are compared i n  

F i g u r e  5 .  

g r e a t e r  t h a n  u n i t y ,  and a l l  o ther  modes w l t h  a x i a l  mode numbers greater  tha r ,  

s i x ,  have  been o m i t t e d  for  c l a r i t y .  The TE f ami ly  of modes have  proven 

t o  be t roub le some  i n  t h e  28 CHz d e v i c e s  which o p e r a t e  i n  t h e  TEO2, c a v i t y  

mode. 

c o m p e t i t i o n  i n  these d e v i c e s ,  b u t  are t o o  far removed from t h e  TEO2,  i n  

f r e q u e n c y  t o  cause s f g n i f i c a n t  problems.  

S i s te r  modes of t h e  T E O , ,  and TEO2, w i t h  axial mode numbers 

22P 

The TEsZp f a m i l y  of modes may also have been observed  i n  mode 

As shown i n  F i g u r e  5 ,  a TE,,,, o s c i l l a t o r  would be s u b j e c t  t o  a f a r  

lower competing mode d e n s i t y  t h a n  a TEO2, d e v i c e ,  a l t h o u g h  t h e  TE2,6 and t h e  

TE3,, may give d i f f i c u l t i e s .  

p o s s i b i l i t y  of u s i n g  the  TEO,, c a v i t y  mode for t h e  60 G H z  o s c i l l a t o r .  

For t h i s  r e a s o n ,  w e  are e x p l o r i n g  t h e  

A 
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FIGURE 4. NORMALIZED PUMPING SPEED vs NORMALIZED CHANNEL DIAMETER 
AT FIXED R.F. ISOLATION 
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TEO1 60 GHz cold test  c a v i t y  has been made and cold testing is proceed ing .  

Other means of s u p p r e s s i n g  mode c o m p e t i t i o n  are under i n v e s t i g a t i o n .  

During t h e  r e p o r t  p e r i o d  t h e  e lectr ical  d e s i g n  of t h e  o u t p u t  window was 

comple ted .  For CU o p e r a t i o n ,  a double  d i s c  window w i t h  face c o o l i n g  (FC75) 
was des igned  w i t h  a .050" FC75 gap us ing  both  AL-995 and Be0 (99.5%) 
ce ramics .  A computer program wa3 w r i t t e n  and used t o  de t e rmine  t h e  ce ramic  

t h i c k n e s s e s  needed for a match a t  60 GHz. These v a l u e s  are .524 Xg for 

AL-995 and .529 Xg fo r  Be0 (99.5%). I n  terms of a c t u a l  d imens ions ,  these  

t r a n s l a t e  t o  .0413" and .0338", r e s p e c t i v e l y .  To i n s u r e  t h a t  t h e  ceramic  

can  w i t h s t a n d  stress due t o  heating and pressuri . , ,  Be0 ceramics w i t h  

t h i c k n e s s e s  of 1.529 Xg (0.120") and 2.529 Xg (0.198") and AL-995 ce ramics  

w i t h  t h i c k n e s s e s  of .524 Xg (0.099") and 2.524 Ag (0.163") were o r d e r e d .  

D e l i v e r y  is expec ted  by March 1, 1980. 

A s i n g l e  d i s c  Be0 window was des igned  f o r  t h e  expe r imen ta l  p u l s e d  

o s c i l l a t o r s .  To i n s u r e  mechanica l  i n t e g r i t y ,  t h e  window t h i c k n e s s  was 

chosen as 1.5 Xg o r  0.117". Ceramics were ordered and d e l i v e r y  i s  expec ted  

by March 1 ,  1980. 

Mechanical  d e s i g n  is s t a r t e d  and w i l l  be completed d u r i n g  t h e  nex t  

q u a r t e r .  

11 



111. 110 GHz 200 kW CW OSCILLATOR 

2 S i n c e  3 A/m ca thode  l o a d i n g  could  only be achieved  a t  a 0.168'O mean 

ca thode  r a d i u s  by us ing  a compound c u r v a t u r e  o f  t h e  ca thode  s u r f a c e  r a t h e r  

t h a n  a c o n i c a l  s u r f a c e ,  it was,  for ease of  c o n s t r u c t i o n ,  dec ided  t o  use a 

l o a d i n g  of  4 A/cmL f o r  t h e  110 GHz gun d e s i g n .  

Var ious  d e s i g n s  u s i n g  a 25' ca thode  a n g l e  i n s t e a d  of 23' were t r i ed  on 

t h e  computer w i t h  good results. The t r a n s v e r s e  energy p r o f i l e  f o r  t h e  b e s t  

25' d e s i g n  is shown i n  F i g u r e  6. 

i n t e r a c t l o n  c i r c u i t  f o r  t h i s  c a s e  is k2.455. Nine t r a j e c t o r i e s  were used  i n  

t h e  computer s i m u l a t i o n .  F igu re  7 is t h e  p l o t  of  t h e s e  t r a j e c t o r i e s  as 

computed by the XGUN program. 

The t r a n s v e r s e  v e l o c i t y  v a r i a t i o n  a t  t h e  

A number of computer r u n s  were made us ing  t h i s  des ign  in o r d e r  t o  

d e t e m l n e  the  s e n s i t i v i t y  of t h e  t r a n s v e r s e  energy p r o f i l e  t o  v a r i o u s  

parameter  v a r i a t i o n s .  

The f i r s t  anode v o l t a g e  f o r  t h i s  d e s i g n  1s 15,800 v o l t s .  Two 

a d d i t i o n a l  computer runs were made--one a t  15,500 v o l t s  and one a t  16,100 

v o l t s ,  The r e s u l t i n g  t r a n s v e r s e  energy  p r o f i l e s  a r e  shown f n  F igu re  8. 

To de te rmine  t h e  e f f e c t  o f  changing t h e  a n g l e  of t h e  first anode,  f i v e  

computer r u n s  were made w i t h  t h e  f o l l o w i n g  a n g l e s :  

1. 25.590' 

2. 26.362' 

3. 27.604' 

4. 28.724' 

5. 29.930' 

The results of  t h e  runs  a r e  p l o t t e d  i n  F igu re  9 .  I n  t h i s  c a s e  e igh t  

t r a j e c t o r i e s  were used  and t h e  graph shows t h e  t r a n s v e r s e  energy a t  t h e  

i n t e r a c t i o n  c i r c u l t  f o r  each t r a j e c t o r y  and each first anode a n g l e .  

12 



WEIGHTED MEAN TRANSVERSE ENERGY p = 65820 keV 

WEIGHTED STANOARO DEVIATION IN TRANSVERSE ENERGY u = 3879 keV t5.9%) 
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FIGURE 6. TRANSVERSE ENERGY PROFILE FOR THE BEST So CATHOOE DESIGN 
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S i n c e  the  c u r r e n t  in t h e  bucking  c o i l  a t  t h e  c a t h o d e  w i l l  p robably  be 

a d j u s t e d  for t r imming p u r p o s e s ,  i t  seemed d e s i r a b l e  t o  d e t e r m i n e  t h e  

s e n s i t i v i t y  of t h e  gun performance t o  nominal  changes  i n  t h i s  c u r r e n t .  Two 

additional runs were made by recomputing t h e  i n p u t  magnet ic  f i e l d  p r o f i l e s  

for changes  i n  t h e  bucking  c o i l  c u r r e n t  of -10% and -20%. 

t h e s e  changes  on t h e  t r a n s v e r s e  ene rgy  p r o f i l e  a r e  seen  i n  F i g u r e  10. 

Raising t h e  c u r r e n t  i n  t h e  bucking  c o i l  is t an tamount  t o  lowering t h e  f i e l d  

a t  t h e  c a t h o d e .  T h i s  has t h e  same effect  as r a i s i n g  the v o l t a g e  a t  t h e  

first anode.  

The e f f e c t s  of  

From t h e s e  same r u n s  it was p o s s i b l e  t o  de t e rmine  t h e  beam r a d i i  a t  the  

i n t e r a c t i o n  c i r c u i t  for each  o f  t h e  t h r e e  cases, assuming adiaba t ic  

compress ion .  A graph  o f  t h e s e  r e s u l t s  can be seen  i n  F i g u r e  11 .  

F i g u r e  12 shows t h e  r e s u l t s  o f  small p e r t u r b a t i o n s  i n  t h e  d i s t a n c e  from 

t h e  c e n t e r  of  t he  ca thode  t o  t h e  t i p  of t h e  f irst  anode .  

The nominal beam c u r r e n t  i s  8 amperes .  S i n c e  t h e r e  mag be o c c a s i o n s  

when d i f f e r e n t  beam c u r r e n t s  may be u s e d ,  t h e  effect  of changing  t h e  beam 

c u r r e n t  on t h e  t r a n s v e r s e  energy  p r o f i l e  was i n v e s t i g a t e d .  Three  r u n s  were 

made on a n o t h e r  similar d e s i g n  a t  5 A/cm2 l o a d i n g .  

F i g u r e  13. 

The e f f e c t s  are  shown i n  

3. 

1. Load Cav i ty  Design 

We have measured t h e  t r a n s m i s s i o n  l o s s  of TE1,  r a d i a t i o n  launched  a t  

t h e  o s c i l l a t o r  c a v i t y  d r i f t  t u b e ,  t h rough  t h e  l o a d  c a v i t y  des igned  f o r  t h e  

110 GHz o s c i l l a t o r .  The loss e lement  i n  t h e  l o a d  c a v i t y  i s  a water -cooled  

lossy ceramic rather t h a n  a water-backed ceramic  window as has  been used i n  

t h e  28 GHz d e s i g n s ,  The advan tage  of  t h i s  approach  is t h a t  it makes t h e  

load c a v i t y  more broadband.  The load c a v i t y  t r a n s m i s s i o n  f r a c t i o n  is 

p l o t t e d  versus f’requency f o r  v a r i o u s  load  c a v i t y  d r i f t  t u b e  gap  s izes  i n  

F i g u r e  14 .  A t  larger g a p  s izes  t h e  loss becomes less  s e n s i t i v e  t o  

.. 
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f r equency .  A 1.27 X g a p  p r o v i d e s  abou t  7 dB of loss a t  110 GHz. These 

r e s u l t s  are encourag ing ,  and mechan ica l  d e s l g n  o f  a scaled v e r s i o n  o f  t h i s  

load c a v i t y  is underway for t h e  60 GHz tube .  

2. E f f e c t i v e  I n t e r a c t i o n  Cav i ty  Length 

We have used t h e  r e a c t i v e  l o a d i n g  p r o p e r t i e s  of a d i e l e c t r i c  bead 

t o  I n v e s t i g a t e  t h e  rf f i e l d  s t r u c t u r e  i n  t h e  i n t e r a c t i o n  c i r c u i t .  The 

d i e l e c t r i c  bead affects  t h e  overmoded c a v i t y  t r a n s m i s s i o n  r e sonance  s i g n a l  

in two ways. There  is t h e  f a m i l i a r  d i e l e c t r i c  d e t u n i n g  of t h e  r e sonance  

f r equency  fo by some frequency s h i f t  A f  - Eo2 (Z). 
dominates  when t h e  bead is large ( i . e . ,  when (bead s i z e )  f ( c a v i t y  s i z e )  

<< 1 is not s a t i s f i e d ) .  I n  t h i s  case t h e  bead imposes boundary c o n d i t i o n s  

which coup le  t h e  c a v i t y  f i e l d s  t o  p r o p a g a t i n g  (non-evanescen t )  waveguide 

modes. 

measured when t h e  bead is a b s e n t .  

f u n c t i o n  of t h e  a x i a l  bead p o s i t i o n  2. By a s imple  a rgument ,  one can show 

t h a t  t h e  f r a c t i o n a l  change i n  Q is  r e l a t e d  t o  t h e  c a v i t y  f f e l d  a m p l i t u d e  

a c c o r d i n g  t o :  

2 u < L is s a t i s f i e d .  

o u t p u t  s i g n a l .  I n  t h i s  region, while t h e  d a t a  p r o v i d e  no e x a c t  i n f o r m a t i o n  

on e l e c t r i c  f i e l d  a m p l i t u d e s ,  l o c a l  maxima i n  QEXT(z) are observed  a t  a x i a l  

p o s i t i o n s  where t h e  e l ec t r i c  f i e l d  is a t  a n u l l .  

A second e f fec t  

T h i s  d i m i n i s h e s  t h e  e x t e r n a l  Q of t h e  c a v i t y  from t h e  v a l u e s ,  QL,  

The r e s u l t i n g  reduced  c a v i t y  QExT Is a 

EX3 ( l -QExT(z) /QL - Eo ( Z ) .  

For  Z 2 L ,  t h e  bead p a r t i a l l y  r e f l ec t s  t h e  c a v i t y  

T h i s  e x p r e s s i o n  is v a l i d  o n l y  when 

An exper iment  was performed t o ' d e t e r m i n e  t h e  rf f i e l d  s t r u c t u r e  w i t h i n  

t h e  i n t e r a c t i o n  c a v i t y  and the  nea rby  o u t p u t  waveguide s t r u c t u r e .  A small 

(0 .13 Qn x 0.13 cm) c y l i n d r i c a l  d i e l e c t r i c  bead was drawn th rough  t h e  

110 GHz TEo2 c a v i t y  ( c a v i t y  r a d i u s  = 0.31 cm) on a nylon  thread  a long  a l i n e  

p a r a l l e l  t o  t h e  axis o f  symmetry w i t h  a r ad ia l  d i sp lacemen t  co r re spond ing  t o  

t h e  p o s i t i o n  o f  t h e  first e l e c t r i c  f i e l d  m a x i m u m  i n  t h e  c a v i t y .  The c a v i t y  

w a a  e x c i t e d  I n  t h e  TEO2 mode and t h e  peak h e i g h t  of t h e  t r a n s m i s s i o n  

r e sonance  s i g n a l ,  which is rough ly  p r o p o r t i o n a l  t o  t h e  c a v i t y  Q 

observed as a f u n c t i o n  of bead p o s i t i o n .  A t y p i c a l  se t  of d a t a  are shown i n  

F l g u r e  15. The c a v i t y  contains a one -ha l f  wavelength e lec t r ic  f f e l d  

v a r i a t i o n  which e x t e n d s  s l i g h t l y  beyond t h e  c a v i t y  s t ruc ture  toward t h e  

o u t p u t  Waveguide. From there  on toward t h e  c o l l e c t o r ,  t h e  g u i d e  wavelength 

was EXT ' 
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of t h e  rf f i e l d  decreases, as s e e n  by t h e  decreaslng s e p a r a t i o n  between t h e  

local maxirn:,!n t h e  data.  

better d e f i n i t i o n ,  is t h e r e f o r e  t h e  d i s t a n c e  between t h e  f i r s t  two l o c a l  

maxima: i n  t h i s  case 1.8 cm o r  about  6 .6  A .  

The e f f e c t i v e  l e n g t h  of t h e  c a v i t y ,  for l a c k  of a 

The microwave d e s i g n s  for  f l u o r o c a r b o n  l i q u i d  face cooled  double d i s c  

alumina and b e r y l l i a  windows were completed.  The long l e a d  time alumina and 

b e r y l l i a  d i s c s  have been r e c e i v e d .  Hechanica l  d e s i g n  of t h e  remain ing  p a r t s  

was t e rmina ted  w i t h  t h e  r e d i r e c t i o n  t o  60 GHz. 

25 



. IV. UATERLOADS, POWER SAMPLERS AND ARC DETECTORS 

Piece parts for the waterload have been received. Cons truc t ion  w i l l  be  

completed i n  time for the first tube t e s t .  

Piece p a r t s  for the 110 GHz power sampler and arc detector have been 

recelved . Assembly has been postponed.  

2 6  



V. PROGRAM SCHEDULE AND PLANS 

A schedule for the 60 GHz gyrotron development program Is shown In 

Figure 16. 

During the next quarter the electron gun, superconducting solenoid 

magnet, output/collector and output window designs w i l l  be completed. 

Because of the redirection in frequency, borrowed equipment will be used f o r  

cold test measurements u n t i l  the arrival of our own. 

27 
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VINTERMEDIATE OR DECISION POINT 0 PROPOSED SCItEOULED DEVIATION 
FOR A MAJOR MILESTONE MILESTONE CHART AND STATUS REPORT 

$:;:us - ACTIVITY SCHEOULEO - ACTlVl fY COMPLETED 

OCRAM 1 JOB NO S I A T U ' J  R t W R I  D A T E  

EBT-P 60 CHY DEVELOPMENT I 31 DECEMBER 1979 

I #  FY 1980 I FY 1981 

A. CYROTRON X-1 
1 .o 
1.1 
1.2 
1.3 
1.4 

2.0 
2.1 
2.2 
2.3 

3.0 
3.1 
3.2 

3.3 
3.4 

4.0 
4.1 
4.2 

4.3 
4.4 
4.5 

5.0 

5.1 
5.2 

5.3 

Elemon Gun 
Computer Design 
Gun Assembly Drawing 
Make Parts 
Assemble 

Solenoid Megnet 
Computer Design 
Spec. & Negotiate 
Purchase 

lntsnction Circuit 
Microwave Design 
Pulsed Oscillator Cavity 

Assembly Drawing 
Make Pulsed Parts 
Cdd Test 

Outpu tlCollector 
Microwave Design 
Pulsed Oscillator 

Outpu t/Colleetor 
Assembly Orawing 

Makc Pulsed Parts 
CaM Test 
Anemble 

Output Window 
Microwave Design 
Output Window 

Make Parts 
Assembly Drawing 

FY 1982 

FIGURE 16. MILESTONE CHART 
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S l A l U I ,  RLPURT D A T E  I J O M N O  4OGHAM 

EBT-P 60 GHz DEVELOPMENT I 31 DECEMBER 1979 I 
J 

FY  1981 FY 1982 FY 1980 
DESCRIPTION 

A. GYROTRON X-1 (Cont.) 
6.0 Find Assembly Drawing 

7.0 Assemble 
7.1 Pulse Test 
7.2 Modify & Reassemble t 
7.3 Retest 1 
7.4 Modify & Reassemble 11 
7 5  Retest I1 

B. GYROTRON 100 ms 1 
1.0 Ollcillotor Cavity 

1.1 Output/Collector 

1.2 Final Assembly Drawing 

2.0 Make Pare 
2.1 Assemble 
2.2 Test 
2.3 Malib & Reassemble I 
2.4 Rstast f 
2.5 Modify & Reassemble II 
2.6 R e m  I1 

Assembly Drawing 

Assembly Drawing 

C. DELIVERABLE SOLENOID 
MAGNET 
1.0 BuiM 

D. 60 GHz COMPONENTS 
1.0 Buitd Pulsed Waterload 
2.0 Power Sampler and 

Arc Detector 
2.1 Assembly Drawing 
2.2 Build 
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PHOPOSED SCHEOUL€O D t V l A T l O N  
FOR A MAJOR MILESTONE v INTEHMEDIATE OH DECISION POINT 0 MILESTONE CHART AND STATUS REPORT - ACTIV ITY SCHEDULED - ACTIV ITY COMPLETED 

S r A I u S  R t W t R T  D A T E  I Job NO I O C R A M  

EBT-P w) GHz DEVELOPMENT I 31 DECEMBER 1979 
FY 1982 FY 1981 FY 1980 

DESCRIPTION 

GYROTRON 100 m 2 
1.0 Mnke Parts 
1.1 Assemble 
1.2 Test 
1.3 Modify & Reassemble I 
1.4 Retest I 
1.5 Modify & Reslmble ll 
1.6 Retest I I  

GYROTROM 30 1 1 
1.0 Oscillator Cavity 

1.1 OutputlCoIlector 

1,2 Final Assembly Drawing 

2.0 Make Parts 
2.1 Assemble 
2.2 Test 
2.3 Modify & Remsemble I 
2.4 Retest I 
2.5 Modify & Reassemble If 
2.6 Retest II 

Assembly Drawing 

Assembly Drawing 

E. 

F. 
w 
0 
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~ M A J O H  MILESTONE O O R l G l N A L  S T A R T  0 REVISED START 
PROPOSED SCHEDULE 0 DEVI A T  ION 
FOR A MAJOR MILESTONE tNTEHMEOIATE OR DECISION POINT 0 MILESTONE CHART AND STATUS REPORT 

.(t::$zus - ACTIVITY SCHEDULED - ACTIVITY COMPLETED 

ROGRAM 

EBT-P 60 GHz DEVELOPMENT 
JOtt NO. I I 31 DECEMBER 1979 

~~ 

DLSCA l PTl ON 

G. 

H, 

1. 

GVROTRON 30 s 2 
1.0 Make Parts 
1.1 Assemble 
1.2 Test 
1.3 Modify 81 Reassemble I 
1.4 Retest I 
1.5 Modify 81 Reassemble I1 
1.6 Retest I1 

GYROYRON CW 1 
1.0 Make Parts 
1.1 Assemble 
1.2 Test 
1.3 Modify 81 Remsemble I 

1.4 Retest I 
1.5 Modify & Remsemble 11 
1.6 Retest 11 

60 GHr COMPONENTS 
1.0 Build CW Load 

2.0 Build 5efiveraQle 
Pulse Load 

3.0 BuHd Deliverable 
Power Sampler 
Atc Detector 

4.0 Build Deliverable CW Load 

1 1 

FY  1981 
O N  D J 

C. I 
0 

0 

1iU 

FY 198 

i ii 

---i 1983 
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