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ABSTRACT 

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 CW power 

o u t p u t  a t  110 GHz t o  d e v e l o p i n g  f a m i l i e s  o f  microwave o s c i l l a t o r s  c a p a b l e  o f  

p roduc ing  200 kW o f  peak power o u t p u t  a t  60 GHz and some h i g h e r  f r equency ,  

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

The u s e  of c y c l o t r o n  resonance  i n t e r a c t i o n  is be ing  pursued.  

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



I. INTRODUCTION 

The objective of t h i s  program has been changed from developing a  . 

microwave amplif ier  or o s c i l l a t o r  capable of producing 200 kW of CU power a t  

110 GHz t o  developing famil ies  of microwave o s c i l l a t o r s  capable of producing 

200 kW of peak power output a t  60 GHz and some higher frequency, possibly 90 

GHz o r  110 CHz, with pulse durations a t  100 m s ,  30 s and CW. Tunability o r  

bandwidth is not considered an important parameter i n , t he  design, but 

ef f ic iency is. Mode pur i ty  in  the output waveguide is not a  requirement fo r  

the device, but the c i r cu l a r  e l e c t r i c  mode is considered des i rable  because 

of Its low lo s s  proper t ies ,  

With these objectives in  mind, an approach based on cyclotron resonance 

in te rac t ion  between an electron beam and microwave f i e l d s  is being pursued. 

The deta i led  arguments leading t o  t h i s  approach a re  contained in  the f i na l  

report  of a  preceding study program.' The device configurations of 

pa r t i cu la r  i n t e r e s t ,  ca l led  gyrotrons, have been discussed in  recent 

l i t e r a t u r e .  2-5 They employ a  hollow elect ron beam in te rac t ing  w i t h  

cy l indr ica l  resonators of the TEoml c l a s s .  

The optimum beam for the cyclotron resonance in te rac t ion  i s  one i n  

which the e lec t rons  have most of t h e i r  energy in  ve loc i t i e s  perpendicular t o  

the axia l  magnetic f i e l d .  Another requirement is tha t  the spread i n  the 

ax ia l  components of the e lec t ron v e loc i t i e s  be as  small a s  possible.  

Electrons which have d i f fe ren t  ax ia l  ve loc i t i e s  w i l l  not i n t e r ac t  

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

The approach chosen t o  generate the,beam is a  magnetron type of gun a s  

is used on the  28 GHz gyrotron, a l so  developed fo r  Oak Ridge National 

Laboratory. 6'7 With t h i s  type of gun the shaping of the magnetic f i e l d  i n  

the gun region becomes qui te  important. 

The 60 GHz gyrotron development is progressing on schedule. The 3 ~ / c r n ~  

gun design is nearing completion. The superconducting solenoid magnet . 

design I s  nearly complete. Techniques fo r  loading the anode d r i f t  tube are  

being invest igated.  Overcoming the pumping impedance a t  the small beam 



tunnel is being explored. Cold t e s t  models are  being fabricated and cold 

t e s t  c~mpor .~n t s  a re  on order. The microwave design of the  window is 

complete and ceramics are on order. 

The 110 GHz gyrotron development has been terminated. Prior t o  

termination the electron gun computer design was completed and mechanical 

design s t a r t ed .  A d r i f t  tube load cavity had been designed. Cold t e s t  

measurements directed a t  determining the  e f fec t ive  in te rac t ion  cavity length 

were completed. A var ie ty  of output/collector coupling schemes were 

considered. A window was designed and ceramics received. Piece par t s  for  

the waterload, power sampler and arc detector were received. 



11. 60 GHz 200 kW PEAK OSCILLATOR 

A .  GUN C v  

The 60 GHz gun design has a mean cathode radius of 0.175". The cathode 
2 loading is 3 A/cm . A plot  of nine t r a j e c t o r i e s  is .shown i n  Figure 1 .  

Figure 2 shows the transverse energy p ro f i l e  f o r  the 60 GHz gun design 

whose t r a j e c t o r i e s  were plotted i n  Figure 1. The transverse veloci ty  

va r ia t ion  of t h i s  design is d . 2 5 5 .  The design c a l l s  fo r  a curved back 

focus e lect rode.  

Additional work w i l l  be done t o  see i f  the curved back focus electrode 

can be replaced by a ' s t r a i g h t  (conical )  one. 

Since i t  is desired t o  increase t h e  bucking c o i l  radius i n  order t o  

achieve be t t e r  voltage holdoff cha r ac t e r i s t i c s ,  addit ional  runs w i l l  be made 

t o  verif'y t ha t  a s a t i s f ac to ry  transverse energy p ro f i l e  can be obtained w i t h  

t h e  l a rger  radius .  

A new Varian magnetostatic program has now become avai lable  which 

computes the normalized f lux array for  an iron-free magnet system i n  a form 

su i t ab l e  for  use in the gun program. Both on-axis and off-axis axia l  and 

r ad i a l  components of f lux density a re  computed a s  well a s  the vector 

po ten t ia l .  T h i s  new program is i n  t.he f i na l  s tage of debug~ing and w i l l  be 

used for fu ture  computations on t h i s  project .  

1.  Anode Design - Beam Tunnel 

The beam tunnel design is sketched i n  Figure 3. T h i s  assembly is 

composed of the second anode e lect rode face on one end and the load cavi ty  

on the other end. Following the adiabat ic  compression of the .electron beam, 





WEIGHTED MEAN TRANSVERSE ENERGY P = 86.n6 keV 

WERGHTED STANDARD DEVIATION OF TRANSVERSE ENERGY o = 4,265 keV (6.5%) 
TRANSVERSE VELOCITY VARIATION = + 3.25% 

FIGURE 2. 

TRAJECTORY NUMBER 

TRANSVERSE ENERGY PROFILE OF PRELIMINARY 60 GHz GUN DESIGN 
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' t he  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 i r c u i t .  I? o r d e r  to  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  d e s i g n e d  f o r  h i g h  rf l o s s .  C a r b e r l o x  l o s s  r i n g s ,  

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 a x i s y m m e t r i c  l o s s  

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

t h a n  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 l e c t r o s t a t i c  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 is c a p a b l e  o f  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 

h o l e s .  A t  c r i t i ca l  l o c a t i o n s  s u c h  as t h e  anode  f a c e  and t h e  e n t r a n c e  t o  t h e  

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

damage i n  case o f  beam i n t e r c e p t i o n .  Enc losed  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  a s sembly  w i l l  be housed i n  a w a t e r  j a c k e t .  Ceramic p a r t s  

f o r  t h e  beam t u n n e l  a r e  on o r d e r  and m e c h a n i c a l  d e s i g n  o f  t h e  a s sembly  i s  i n  

p r o g r e s s .  

2. Anode Des ign  - Gun Pumping Man i fo ld  

I n  o r d e r  t o  a v o i d  c a t h o d e  p o i s o n i n g  d u r i n g  g a s  b u r s t s  i n  t h e  t u b e ,  i t  
> 

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 / s e c )  pumping speed  a t  t h e  gun .  

U n f o r t u n a t e l y ,  b e c a u s e  o f  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  v a c l o n R  pumps 

must  be l o c a t e d  a t  t h e  c o l l e c t o r  end o f  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 

m a n i f o l d  h a s  become n e c e s s a r y  i n  h i g h  f r e q u e n c y  g y r o t r o n s  b e c a u s e ,  a s  t h e  

beam t u n n e l  d i a m e t e r  is r e d u c e d ,  t he  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  T a b l e  I .  

TABLE I 
Pumping Speed 

F r e q  . Pumping 
Dev ice  (Ghz ) Speed ( !Us)  

The gun pumping m a n i f o l d  w i l l  s u r r o u n d  t h e  beam t u n n e l  a s sembly  and 

t e r m i n a t e  n e a r  t h e  f a c e  of t h e  second anode .  A s e p a r a t e  8 L / s e c  VacIon pump 



w i l l  connect In to  the pumping manifold via  a  long pumping l i n e  which runs 

toward the co l l ec to r  end of the tube. 

Past experience has shown tha t  it is necessary t o  ba f f l e  the gun end of 

the gun pumping manifold with an r f  s ieve  in  order t o  avoid rf heating of 

the aux i l i a ry  VacIon pump. The s ieve  m u s t  a t tenuate  rf without cut t ing down 

on the pumping speed. Assuming t ha t  the sieve w i l l  contain a  large  number 

of long, c i r cu l a r  cross-section holes ,  the optimum hole s i z e  for  good 

pumping speed, combined with good r f  a t tenuat ion,  l i e s  in  a  narrow range, a s  

shown in Figure 4. With a su i t ab le  s ieve  design,  the gun pumping system 

should provide a  t o t a l  pumping speed of -2 L/sec a t  the gun. Mechanical 

design of the pumping manifold i s  proceeding. 

3. Cavity Design 

Cold t e s t  c av i t i e s  for  the 60 G H z  o s c i l l a t o r  have been fabr ica ted.  The 

TEO2 cavi ty ,  when properly loaded, has an external  Q of 520 + 50. Further 

cold t e s t s  a re  in progress on the TEO2 and TEO3 c a v i t i e s .  

Experience w i t h  the 28 G H z  o s c i l l a t o r  ind ica tes  t h a t  modes other than 

the desired oavity mode may compete fo r  in te rac t ion  w i t h  the e lec t ron beam. 

Par t i cu la r ly  troublesome a re  modes w i t h  the same r ad i a l  mode number and 

roughly the same frequency as  the desired mode. The competing mode 

dens i t i e s  of a  60 G H z  TEO1 and a  60 G H z  TEO2 oscil lat .or  a re  compared i n  

Figure 5. S i s t e r  modes of the TEO1, and TE021 w i t h  ax ia l  mode numbers 

g rea te r  than uni ty ,  and a l l  other modes w i t h  ax i a l  mode numbers g rea te r  than 

s i x ,  have been uulLLed fo r  c l a r i t y .  The TE22p family of modes heve proven 

t o  be troublesome i n  the 28 CHz devices which operate i n  the TEO2, cavi ty  

mode. The TE32p family of modes may a l so  have been observed in mode 

competition in these devices,  but a re  too f a r  removed from the TEO2 i n  

frequency t o  cause s ign i f i can t  problems. 

As showi i n  Figure 5 ,  a T E O l l  o s c i l l a t o r  would be subject  t o  a  f a r  

lower competing mode density than a  TE021 device,  although the TEZl6 and the 

TE311 may give d i f f i c u l t i e s .  For t h i s  reason, we a r e  exploring the  

pos s ib i l i t y  of using the T E O l l  cavity mode fo r  the 60 G H z  o s c i l l a t o r .  A 



FIGURE 4. NORMALIZED PUMPING SPEED vs NORMALIZED CHANNEL DIAMETER 
AT FIXED R.F. ISOLATION 
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TEOl 60 GHz c o l d  test c a v i t y  h a s  been made and c o l d  t e s t i n g  is proceed ing .  

Other  means @f s u p p r e s s i n g  mode c o m p e t i t i o n  a r e  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 l e c t r i c a l  d e s i g n  .of t h e  o u t p u t  window was 

completed.  For  CW o p e r a t i o n ,  a double  d i s c  window w i t h  f a c e  c o o l i n g  (FC75) 

was des igned  wi th  a  .050n 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  d e t e r m i n e  t h e  ce ramic  

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

AL-995 and .529 Xg f o r  Be0 (99 .5%) .  I n  t e r m s  o f  a c t u a l  d imens ions ,  t h e s e  

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  s t r e s s  due t o  h e a t i n g  and p r e s s u r e ,  Be0 ce ramics  w i t h  

t h i c k n e s s e s  o f  1.529 Xg (0.120") and 2.529 Ag (0.198") and AL-995 c e r a m i c s  

w i t h  t h i c k n e s s e s  o f  1.524 Ag (0.099") and 2.524 Xg (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  e x p e r i m e n t a 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  mechanical  i n t e g r i t y ,  t h e  window t h i c k n e s s  was 

chosen a s  1.5 Xg o r  0.117". Ceramics were o r d e r e d  and d e l i v e r y  is e x p e c t e d  

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  n e x t  

q u a r t e r .  



111. 110 GHz 200 kW CW OSCILLATOR 

2 Since 3 A / c m  cathode loading could only be achieved a t  a 0.168" mean 

cathode radius by using a compound curvature of the .cathode surface ra the r  

than a conical surface ,  it was, fo r  ease of construction,  decided to  use a 
2 loading of 4 A/cm fo r  the  110 GHz gun design. 

0 Various designs using a 25 cathode angle instead of 23' were t r i e d  on 

the computer with good r e s u l t s .  The transverse energy p ro f i l e  for  the  best 

25' design is shown in Figure 6. The transverse veloci ty  va r ia t ion  a t  the 

in te rac t ion  c i r c u i t  fo r  t h i s  case i s  2 . 4 5 % .  Nine t r a j e c t o r i e s  were used i n  

the computer simulation. Figure 7 i s  the plot  of these t r a j e c t o r i e s  as 

computed by the XGUN program. 

A number of computer runs were made using t h i s  design in  order t o  

determine the s ens i t i v i t y  of the transverse energy p ro f i l e  t o  various 

parameter va r ia t ions .  

The f i r s t  anode voltage fo r  t h i s  design is 15,800 vo l t s .  Two 

addi t ional  computer runs were made--one a t  15,500 vo l t s  and one a t  16,100 

vo l t s .  The resu l t ing  transverse energy p ro f i l e s  a re  shown in Figure 8 .  

To determine the e f f ec t  of changing the angle of the  f i r s t  anode, f i ve  

computer runs were made w i t h  the following angles: 

The r e s u l t s  of the runs are  plotted in  Figure 9 .  In t h i s  case eight  

t r a  j ec to r les  were used and the  graph shows the transverse energy a t  the  

Interact ion c i r c u i t  for  each t ra jec to ry  and each f i r s t  anode angle. 



WEIGHTED MEAN TRANSVERSE ENERGY ~c = 66820 keV 

WEIGHTED STANDARD OEVlATlON IN TRANSVERSE ENERGY a = 3879 keV (5.9%) 
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FIGURE 6. TRANSVERSE ENERGY PROFILE FOR THE BEST 25' CATHODE DESIGN 



FIGURE 7. 110 GHz GUN TRAJECTORY PLOT 



TRAJECTORY NUMBER 

FIGURE 8. TRANSVERSE ENERGY PROFILE AS A FUNCTION OF 1ST ANODE VOLTAGE 



FIGURE 9. VARIATION OF TRANSVERSE ENERGY PROFILE WITH 

IST ANODE ANGLE (CURVED BACK FOCUS ELECTRODE) 
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S i n c e  t he  c u r r e n t  i n  t h e  b u c k i n g  c o i l  a t  t h e  c a t h o d e  w i l l  p r o b a b l y  be  

a d j u s t e d  f o r  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  o f  t h e  gun pe r fo rmance  t o  nominal  c h a n g e s  i n  t h i s  c u r r e n t .  Two 

a d d i t i o n a l  runs were made by r ecomput ing  t h e  i n p u t  m a g n e t i c  f i e l d  p r o f i l e s  

f o r  c h a n g e s  i n  t h e  b u c k i n g  c o i l  c u r r e n t  o f  -10% and -20%. The e f f e c t s  o f  

t h e s e  c h a n g e s  on t h e  t r a n s v e r s e  e n e r g y  p r o f i l e  are s e e n  i n  F i g u r e  10. 

R a i s i n g  t h e  c u r r e n t  i n  t h e  buck ing  c o i l  is t an tamoun t  t o  l o w e r i n g  t h e  f i e l d  

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

first anode .  

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

i n t e r a c t i o n  c i r c u i t  f o r  e a c h  o f  t h e  t h r e e  c a s e s ,  assuming a d i a b a t i c  

compress ion .  A g r a p h  o f  t h e s e  r e s u l t s  c a n  be s e e n  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  s m a l l  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  o f  t h e  c a t h o d e  t o  t h e  t i p  o f  t h e  first 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  may 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  e f f e c t  o f  chang ing  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  e n e r g y  p r o f i l e  was i n v e s t i g a t e d .  T h r e e  r u n s  were  

made on a n o t h e r  similar d e s i g n  a t  5 l/cm2 l o a d i n g .  The e f f e c t s  a r e  shown i n  

F i g u r e  13 .  

1 .  Load C a v i t y  Des ign  

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  l aunched  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 r o u g h  t h e  l o a d  c a v i t y  d e s i g n e d  f o r  t h e  

110 G H z  o s c i l l a t o r .  The l o s s  e l e m e n t  i n  t h e  l o a d  c a v i t y  is a  wa te r - coo led  

l o s s y  c e r a m i c  r a t h e r  t h a n  a water -backed c e r a m i c  window as h a s  been used  i n  

t h e  28 G H z  d e s i g n s .  The a d v a n t a g e  o f  t h i s  app roach  is t h a t  it makes t h e  

l o a d  c a v i t y  more broadband.  The l o a d  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  v e r s u s  f r e q u e n c y  f o r  v a r i o u s  l o a d  c a v i t y  d r i f t  t u b e  g a p  s i z e s  i n  

F i g u r e  14.  A t  l a r g e r  g a p  s i z e s  t h e  l o s s  becomes less s e n s i t i v e  t o  
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FIGURE 10. TRANSVERSE ENERGY PROFILE AS A FUNCTION OF BUCKING COIL AMPERE-TURNS 
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FIGURE 11. BEAM RADIUS AT CIRCUIT AS A FUNCTION OF 
CHANGE IN BUCKING COlL AMPERE-TURNS 
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FIGURE 12. TRANSVERSE ENERGY PROFILE AS A FUNCTION OF DISTANCE 

FROM CENTER OF CATHODE TO TIP OF FIRST ANODE 
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FIGURE 13. VARIATION OF TRANSVERSE ENERGY PROFILE WITH BEAM CURRENT 
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FIGURE 14. TRANSMISSION OF TEll MODE THROUGH ANODE LOAD 

vs LOAD GAP & FREQUENCY 



f requency.  A 1.27 X gap p r o v i d e s  abou t  7 dB o f  l o s s  a t  110 GHz. These 

r e s u l t s  are &courag ing ,  and mechanical  d e s i g n  o f  a s c a l e d  v e r s i o n  o f  t h i s  

l o a d  c a v i t y  is underway for t h e  60 GHz t u b e .  

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  r f  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 a f f e c t s  t h e  overmoded c a v i t y  t r a n s m i s s i o n  resonance  s i g n a l  

i n  two ways. There  is t h e  familiar d i e l e c t r i c  d e t u n i n g  o f  t h e  resonance  

f requency  f o  by some f requency  s h i f t  A f  - (Z) .  A second e f f e c t  

dominates  when t h e  bead is l a r g e  ( i  .e., when (bead s i z e )  + ( c a v i t y  s i z e )  

<< 1 i s  n o t  s a t i s f i e d ) .  I n  t h i s  c a s e  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-evanescent)  waveguide 

modes. 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 o f  t h e  c a v i t y  from t h e  v a l u e s ,  QL,  

measured when t h e  bead is a b s e n t .  The r e s u l t i n g  reduced c a v i t y  QEXT is a  

f u n c t i o n  o f  t h e  a x i a l  bead p o s i t i o n  z .  By a  s imple  argument ,  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 i e l d  a m p l i t u d e  
EX$ a c c o r d i n g  t o :  (1-QExT(z)/QL - Ee ( Z ) .  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 

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

o u t p u t  s i g n a l .  I n  t h i s  r e g i o n ,  whi le  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) a r e  observed a t  a x i a l  

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

An exper iment  was performed t o ' d e t e 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 t h e  nearby o u t p u t  waveguide s t r u c t u r e .  A s m a l l  

(0 .13 an 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 t h r e a d  a l o n g  a  l i n e  

p a r a l l e l  t o  t h e  a x i s  o f  symmetry w i t h  a  r a d i a l  d i s p l a c e m e n t  c o r r e s p o n d i n g  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  maximum i n  t h e  c a v i t y .  The c a v i t y  

was 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  o f  t h e  t r a n s m i s s i o n  

r e s o n a n c e  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  QEXT, was.  

observed as a  f u n c t i o n  o f  bead p o s i t i o n .  A t y p i c a l  s e t  o f  d a t a  a r e  shorn i n  

F i g u r e  15. The c a v i t y  c o n t a i n s  a  one-hal f  wavelength  e l e c t r i c  f i 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 r u c t u r e  toward t h e  

o u t p u t  waveguide. From t h e r e  on toward t h e  c o l l e c t o r ,  t h e  g u i d e  wavelength  
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of the r f  f i e l d  decreases, a s  seen by the decreasing separation between the 

loca l  m a x i m ~ i n  the data.  The e f f ec t i ve  length of the cav i ty ,  f o r  lack of a 

be t t e r  de f i n i t i on ,  is therefore the  dis tance  between the f i r s t  two l oca l  

maxima: in t h i s  case 1.8 cm or about 6.6 A .  

The microwave designs fo r  fluorocarbon l iquid  face cooled double d isc  

alumina and bery l l i a  windows were completed. The long lead time alumina and 

be ry l l i a  d i scs  have been received. Mechanical design of the remaining par t s  

was terminated w i t h  the redi rect ion t o  60 GHz. 



\ . IV. UATERLOADS, POWER SAMPLERS AND ARC DETECTORS 
4 

Piece parts for the waterload have been received. Construction will be 

completed in time for the f i r s t  tube t e s t .  

Piece parts for the 110 GHz power simpler and arc detector have been 

received. Assembly has been postponed. 



V. PROGRAM SCHEDULE AND PLANS 

A schedule for the 60 GHz gyrotron development program i s  shown i n  

Figure 16 .  

During the next quarter the electron. gun, superconducting solenoid 

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

Because of the redirection in frequency, borrowed equipment will  be used for 

cold test  measurements until the arrival of our own. 
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1.0 Oscillator Cavity 

Assembly Drawing 
1.1 Output/Collector 

Assembly Drawing 
1.2 Final Assembly Drawing 
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2.1 Assemble 
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G. GYROTRON 30 s 2 
1.0 Make Parh 
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1.1 Assemble 
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1. 60 GHz COMPONENTS 
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2.0 Build Deliverhle 
Pulse Load 
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