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ABSTRACT 

The o b j e c t i v e  of t h i s  program i s  t o  deve lop  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  of producing 200 kW CW power output, a t  28 GWz. The use  of 

t h e  g y r o t r o n  or 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.  

f 

During t h i s  q u a r % e r ,  r e b u i l d i n g  of t h e  second CW o s c i l l a t o r  was accom- 

p l i s h e d .  The tube  was shipped t o  Oak Ridge, and c o n s i d e r a b l e  o p e r a t i o n  was 
r e a l i z e d  a% power l e v e l s  up t o  50 kW CW. Luded operation 

C o n s t r u c t i o n  of t h e  t h i r d  CW o s c i l l a t o r  was completed.  Design changes and 

%est r e s u l t s  are d e s c r i b e d .  The design changes d i d  not r e s u l t  in s i g n i f i c a n t l y  

improved performance.  

p 

A l t e r n a t i v e  ou tpu t  coup l ing  schemes were s t u d i e d  x i t h  emphasis on a x i s p -  

m e t r i c  coup l ing  s t r a i g h t  th rough 5" o r  2.5" beam c o l l e c t o r s .  Computer simu- 

l a t i o n  was used t o  analyze beam power d i s t r i b u t i o n  i n  t h e  c o l l e c t o r  r e g i o n s .  
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I. INTRODUCTION 

The o b j e c t i v e  o f  t h i s  program is t o  deve lop  a microwave a m p l i f i e r  o r  

o s c i l l a t o r  capable of producing 200 kW of  CW power a t  a f requency  o f  28 GHz. 

I n  a d d i t i o n ,  it is in t ended  that t h e  program w i l l  s e r v e  as  t h e  f i r s t  s t e p  

toward develcqment o f  an a m p l i f i e r  t o  produce a similar power l e v e l  st 2 f r e -  

quency o f  120 GHz. F e a s i b i l i t y  for t h e  1204Hz dev ice  w i l l  b e -demons t r a t ed  

whenever pract ical  i n  t h e  d e s i g n  o f  t h e  28-GHz a m p l i f i e r .  T u n a b i l i t y  or 

bandwidth i s  not  cons ide red  an impor tan t  parameter i n  t h e  d e s i g n ,  b u t  e f f i -  

c i e n c y  is. Mode p u r i t y  i n  the  o u t p u t  waveguide is  no t  a requi rement  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 mode is cons ide red  des i rab le  because o f  i ts  low l o s s  

p r o p e r t i e s .  

With these o b j e c t i v e s  i n  mind, t h e  d e c i s i o n  was made t o  p u r s u e  an approach 

based on a c y c l o t r o n  resonance  i n t e r a c t i o n  between an e l e c t r o n  beam and micro- 

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

t h e  f i n a l  r epor t  o f  t h e  preceding  s t u d y  program.' 

p a r t i c u l a r  i n t e r e s t ,  c a l l e d  a Gyrot ron ,  has been d i s c u s s e d  i n  r e c e n t  l i t e ra -  

t u r e . 2  

r e s o n a t o r s  o f  tQe TEOm7 class. 

l i t e r a t u r e  have a l l  been of t h e  form o f  s i n g l e - c a v i t y  o s c i l l a t o r s .  However, a 

similar device3 has  d e n o n s t r a t e d  moderate  (16  d3) g a i n  as an a m p l i f i e r .  

The d e v i c e  c o n f i g u r a t i o n  3f  

I t  employs a hol low e l e c t r o n  beam i n t e r a c t i n g  wi th  c y l i n d r i c a l  

The expe r imen ta l  Gyro t rons  d e s c r i b e d  i n  t h e  

A g o a l  o f  t h i s  development p r o g r m  is  t o  ach ieve  an a m p l i f i e r  having  

s i g n i f i c a n t l y  h i g h e r  gain (30 dB) .  

impor t an t  t e c h n i c a l  c o n s i d e r a t i o n  at, t h i s  l e v e l  o f  g a i n .  To c a p i t a l i z e  f u l l y  

on the  advantages  of t h e  c y c l o t r o n  resonance  i n t e r a c t i o n ,  large beam diameters 

are used .  Th i s  exposes t h e  d e v i c e  t o  the  e f f e c t  o f  microwave coup l ing  between 

a m p l i f i e r  stages through t h e  beam t u n n e l .  P reven t ion  o f  t h i s  coup l ing  i s  an 

impor tan t  c o n s t d e r a t i o n  i n  t h e  d e s i g n .  

S t a b i l i t y  of t h e  d e v i c e  becomes a very  

The optimum beam f o r  t h e  c y c l o t r o n  resonance  i n t e r a c t i o n  is one i n  which 

t h e  e l e c t r o n s  nave most of t h e i r  energy i n  v e l o c i k i e s  pe rpend icu la r  t o  the 

axial  magnet ic  f i e l d .  Another requi rement  i s  t h a t  t h e  small component o f  axial 

v e l o c i t y  b e  e s s e n t i a l l y  t h e  same f o r  a l l  e l e c t r o r ? s .  An e l e c t r a n  which has  a 

d i f f e r e n t ,  axial v e l o c i t y  w i l l  no t  i n t e r a c t  e f f i c i e n t l y .  Generation of a beam 

- 
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with  h igh  t r a n s v e r s e  v e l o c i t y  and small a x i a l  v e l o c i t y  sp read  is  ano the r  impor- 

t a n t  d e s i g n  problem. 

The approach chosen t o  g e n e r a t e  t h e  beam i s  a magnetron type  o f  gun as was 

used i n  t h e  d e v i c e s  d e s c r i b e d  i n  t h e  Russian l i t e r a tu re .  With t h i s  t ype  3f 

gun,  t h e  shaping  o f  t h e  magnet ic  f i e l d  i n  the gun r e g i o n  becomes q u i t e  

impor t an t .  

As a r e s u l t  o f  t h e  e x c e l l e n t  performance of t h e  pulsed  o s c i l l a t o r  pro- 

duc ing  up t o  248 kw of peak power a t  28 GHz with good e f f i c i e n c y  , t h e  emphasis 

of  t h e  program has been s h i f t e d  t o  stress the c o n s t r u c t i o n  and d e l i v e r y  of CW 

o s c i l l a t o r s .  

4 

During t h i s  q u a r t e r ,  r e b u i l d i n g  o f  t h e  second CW o s c i l l a t o r  wad accom- 

p l i s h e d .  The t u b e  was sh ipped  t o  Oak Ridge and c o n s i d e r a b l e  o p e r a t i o n  was 

r e a l i z e d  a t  p o w r  l e v e l s  up t o  50 kW CW. Th i s  inc luded  o p e r a t i o n  h e a t i n g  a 

plasma load i n  EBT. 

C o n s t r u c t i o n  of  the  t h i r d  CW o s c i l l a t o r  was completed.  This  tube  had a 

number o f  d e s i g n  changes which were in tended  t o  improve performance,  p a r t i c u -  

l a r l y  w i t h  respect t o  l o a d i n g  undes i red  r e sonances  t o  minimize mode conver s ion  

o f  t h e  ou tpu t  power. Test r e s u l t s  w i th  %his t ube  are d e s c r i b e d .  

Design work was cont inued  on a l t e r n a t i v e  o u t p u t  coup l ing  t echn iques .  

Approaches cons ide red  i n c l u d e  s p h e r i c a l  m i r r o r s ,  a 2 .5"  diameter s t r a i g h t  

through o u t p u t  g u i d e  and beam c o l l e c t o r ,  a taper t o  5" d i ame te r  c o l l e c t o r  w i t h  

5" window, and a t a p e r  t o  5" w i t h  a t a p e r  back down t o  a 2.5" window. 

2 



11. Cbj OSCILLATOR NO. 2 

T h i s  t u b e  was i n t e n d e d  f o r  o p e r a t i o n  a t  Oak Ridge a t  t h e  50 k5J CW power 

l e v e l .  Near t h e  end of  t h e  p r e v i m s  q u a r t e r ,  i t  demonst ra ted  45 kW CW a t  Oak 

Ridge, b u t  s u b s e q u e n t l y  l o s t  vacuum. The t u b e  was r e t u r n e d  t o  Var ian  f o r  

a n a l y s i s .  It, was determined that, a leak had deveioped between t h e  ca thode  stern 

o i l  channel  and %he  vacuum. 

The t u b e  was r e b u i l t  u s i n g  a d i f f e r e n t  gun. A c o l l e c t o r  b r a z e  j o i n t  

opened up d u r i n g  bake o u t .  

C .  

The c o l l e c t o r  j o i n t  was r e b r a z e d .  The t u b e  was tes ted t o  82.7 kw pesk 

o u t p u t  power on a pulsed  bas i s .  The t u b e  was then  aged t o  37.1 kW, CW a t  

' J a r i an  before be ing  r e q u e s t e d  by Oak Ridge. The o p e r a t i n g  parameters  f o r  t he  

pulsed  and CW o p e r a t i o n  are shown i n  Table 1 .  S p u r i o u s  o s c i l l a t i o n s  were 

observed  under some magnet ic  f i e l d  s e t t i n g s  from 26.675 GHz t o  26.801 GHz, from 

26.930 GHz t o  26.932 GHz and from 27.010 GHz t o  27.134 GHz. 

e 

& 

I n  J u l y ,  t h e  t u b e  was 3hipped t o  Oak Ridge where f i n a l  ag ing  was completed 

up t o  50 kW CW. During August and September ,  t h e  t u b e  was o p e r a t e d  3t power 

l e v e l s  i n  t h e  range o f  30 %o 50 kW CW i n c l u d i n g  o p e r a t i n g  w i t h  plasma h e a t i n g  

i n  EBT. 

3 



TABLE 1 

Opera t ing  Parameters a t  Var ian  f o r  the F i f t h  Rebuild 
of t h e  Second CW O s c i l l a t o r  

Peak Output Power (kw) 

Frequency  (GHz) 

Beam Voltage (kV)  

Beam C u r r e n t  ( A )  

E f f i c i e n c y  ( 4 6 )  

Gun Anode Voltage (kV)  

RF P u l s e  Dura t ion  (us) 

Pulse R e p e t i t i o n  Rate ( p p s )  

RF Du ty  ( $ 1  
Average Power (kid) 

Magnet, Coi l  C u r r e n % s  ( A )  

Main 1 

2 

3 
4 

Gun 1 

2 

Flulsad 
82 - 7  
27.895 

68.1 

a A 
14.1 

17.1 

278 , 

42 1 

11.7 

9.68 

a 
37.1 
27.874 

70.3 

7 .O 

7.54  
l a  .6 

cw 
CW 

C w 
37.1 

427 444 

497 489 

500 490 

562" 568* 

8.6 10.2 

11.0 10.7 

*Main coil 4 was p a r t i a l l y  s h o r t e d .  E f f e c t i v e  c u r r e n t  was l e s s .  

4 



111. , C W  OSCILLATOR NO. 3 

A .  

Five  d e s i g n  changes were made f o r  t h e  t h i r d  CW o s c i l l a t o r .  An i n t e r n a l  

wa te r  load was added a t  t h e  bottom end o f  t h e  c a v i t y  t o  load  s p u r i o u s  o s c i l -  

l a t i o n s .  A l e n g t h  change between t h e  c a v i t y  and t h e  f i r s t  miter bend was aade 

t o  d e c r e a s e  %he e f f e c t  o f  r o t a t i o n  o f  t h e  m i t e r  bend on %he shape of t h e  

resonance  cu rve .  The s i n g l e  d i s k  b e r y l l i a  ou tpu t  window was rep laced  w i t h  a 

double  d i s k  FC-75 face-cooled  window. 

of t h e  c o l l e c t o r ,  where its body was at= c o l l e c t o r  p o t e n t i a l ,  t o  t h e  ou tpu t  

waveguide s e c t i o n  assembly,  where i ts  body is a% earth ground p o t e n t i a l .  The 

t o p  o f  t h e  c o l l e c t o r  was loaded by' a 2 .5 "  d i a n e t e r  waveguide,  miter bend and 

s i n g l e  d i s k  b e r y l l i a  window t o  which an e x t e r n a l  water load could  be  a t t a c h e d .  

The VacIon 8 pump irlas moved from t h e  t o p  

The t u b e  was t e s % e d  on a pulsed  basis to  a power ou tpu t  l e v e l  of 71.2 kw 

peak. The o p e r a t i n g  parameters a r e  shown i n  Tab le  2 .  A t  %he  above power l e v e l  

26 .9  kw peak was a l s o  be ing  absorbed i n  the i n t e r n a l  water l o a d .  Tne t o t a l  

inicrowave power removed from t h e  beam is a t  l e a s t  equa l  t o  t h e  sum o f  t h e s e  two 

v a l u e s .  Such a l a r g e  amount, of power d e l i v e r e d  t o  the  i n t e r n a l  load i s  con- 

s i d e r e d  unaccep tab le .  

- 
The i n t r o d u c t i o n  of  t h e  i n t e r n a l  load  and t h e  change i n  gu ide  l e n g t h  

between the  cav i%y and miter bend a p p a r e n t l y  changed the  c a v i t y  Q r e s u l t i n g  i n  

t h e  low e f f i c i e n c y  measured on t h i s  t u b e .  

Because of t h e  low e f f i c i e n c y ,  i t  was not  p o s s i b l e  t o  e v a l u a t e  any 

improvemen% i n  the  FC-75 face-cooled window s i n c e  %he s i n g l e  d i s k  v e r s i o n  d i d  

not f a i l  u n t i l  105 kW, CW. 

The new p o s i t i o n  of t h e  VacLon pump e l i m i n a t e d  t h e  need t o  i s o l a t e  t h e  

e l e c t r i c a l  connec t ions  t o  t h e  p w p .  

Some heating of %he m i t e r  bend a% the  top  o f  t h e  c o l l e c t o r  wzs found %o b e  
6 

caused by e l e c t r o n  bombardment, An e x t e r n a l  water-cooled p l a t e  was .added t o  

t h e  miter p l a t e  t o  remove that, hea t .  

5 



TABLE 2 

Pulsed Opera t ing  Parameters  f o r  t h e  Thi rd  CW Oscillator 

Peak Output Power (kw) 

Frequency (GHz) 

Beam VQltage (kV) 

Bean C u r r e n t  ( A )  

E f f i c i e n c y  ( % )  

G u n  Anode Voltage ( IcV)  

RF P u l s e  Dura t ion  (ps) 

P u l s e  R e p e t i t i o n  Rate ( p p s )  

RF D u t y  ( $ 1  
Average Power (kW) 

Magnet Coil  C u r r e n t s  ( A )  

Main 1 

2 

3 

4 

Gun 1 

2 

71 .2 

28 -006 

78 -7 
5 -5  

9.52 

22.7 

27 5 
120 

3.3 

2.35 

492 

46 3 

500 

478 
, 11.8 

10.2 

6 



Spur ious  o s c i l l a t i o n s  were observed  a t  26.828 GHz, 26.860 GHz, and 

26.870 G H z .  

B .  

The %ube was r e b u i l t  wi thout  t h e  i n t e r n a l  c a v i t y  load  and s r ' t e r  cold 

t e s t i n g  %he c a v i t y  Q .  

The h i g h e s t  peak ou tpu t  power observed during pulsed  t e s t i n g  was 171 kw. 

A t  t h i s  l e v e l ,  17.5 kn o f  peak power was a lso  d i s s i p a t e d  i n  t h e  top  water l o a d .  

The h i g h e s t  average  power ob ta ined  under pulsed  c o n d i t i o n s  was 18.5 kW. CW 

t e s t i n g  was cut, s h o r t  by the f a i l u r e  o f  one o f  t h e  main c o i l  power s u p p l y  

t r a n s f o r m e r s .  HoweTier, CW start o s c i l l a t i o n  c o n d i t i o n s  were measured. The 

o p e r a t i n g  parameters  a t  Varian f o r  t h e  f i r s t  r e b u i l d  of  %he t h i r d  CW o s c i l l a t o r  

are shown i n  Table  3 .  

c 
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TABLE 3 
P u l s e d  Operating Parame%ers for the Rebuild of the Thi rd  CW Oscillator 

Peak Output Power (kw) 

Frequency (GHz) 
Eeam Voltage (kV) 

Beam C u r r e n t  ( A )  
Efficiency ( 5 )  

Gun Anode Vol%age (kV)  

RF Pulse Duration (us) 

Pulse Repeti%ion Rate ( pps) 

RF Duty ( % >  

Average Power (kW) 

Magnet Coil C u r r e n t s  ( A )  

Main 1 

2 

3 

4 

Gun 1 

2 

147 

27.975 

79.9 

8 .8  

20.9 

2 4 . 4  

300 

420 

12.6 

18.5 

502 

48 1 

482 

496 

11.5 

4.5 

x 
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I V .  A L T E R N A T I V E  O U T P U T  C O U P L I N G  SYSTEMS 

A.  M I R R O R  SYSTEM 

A c a r e f u l  e v a l u a t i o n  of t h e  spherical  m i r r o r  sys tem,  while carried ou t  

p r i m a r i l y  on t h e  T E O l  mode, po in t ed  o u t  t h e  c r i t i c a l  mode s u p p r e s s i o n ,  s p a c i n g ,  

and a l i g n i n g  r equ i r emen t s  of t h e  m i r r o r s .  While these r equ i r emen t s  cou ld  b e  

met i n  c o l d - t e s t  l a b o r a t o r y  expe r imen t s ,  t h e  problems a s s o c i a t e d  wi th  b u i l d i n g  

a bakeable tube i n  which one of t h e  n i r r o r s  ( t h e  second)  would r e c e i v e  the 
L 

e x i s t i n g  de  beam wi th  power d e n s i t i e s  i n  excess  o f  1 kW/cm a t  i t s  p e r i p h e r y  

l e d  u s  t o  examine Some o t h e r  approaches  which were mechanica l ly  s i m p l e r  and 

which avoided t h e  i n e v i t a b l e  t r apped  r e f l e c t i o n s  o f  t h e  m i r r o r  system. 

B. S T R A I G H T - T H R O U G H  C O L L E C T O R  APPR OACHES 

The v a r i o u s  s t r a i g h t - t h r o u g h  ( a x i s y m e t r i c  o u t p u t  approaches  t h a t  have 

been cons ide red  i n  some d e t a i l  are: 

1 .  5" diameter c o l l e c t o r ,  5 I t  diameter window, and 5" diameter o u t p u t  

gu ide  

2.  2.5" diameter c o l l e c t o r ,  2.5" diameter  window, and 2.5" d iame te r  

o u t p u t  gu ide  

3. 5" diameter c o l l e c t o r ,  taper t o  2.5" d i ame te r  window and 2 . 5 "  

diameter o u t p u t  g u i d e  

A paper  des ign  f o r  t h i s  t ype  o f  c o l l e c t o r / o u t p u t  was completed and i s  

T h i s  c o n s i s t e d  of an 8 0 shown s c h e m a t i c a l l y  i n  F i g u r e  1 .  taper from t h e  TEOz1 

c a v i t y  t o  t h e  5" diameter  c o l l e c t o r .  Beam t r a j e c t o r y  c a l c u l a t i o n s  showed t h a t  

a s h o r t  a d d i t i o n a l  magnet co i l  could  br ing t h e  maximum of  t h e  beam power 

d e n s i t y  t o  t h e  region of  t h e  t r a n s i t i o n  from t h e  t a p e r  t o  t h e  c y l i n d e r .  The 

beam was t h u s  spread over  a l a r g e r  a r e a  r educ ing  t h e  actual power d e n s i t y  a t  

t h e  wall by as much as a f a c t o r  of two zlose t o  t he  t r a n s i t i o n .  A t r a n s v e r s e  

magnet p rov id ing  a f i e l d  of g r e a t e r  t han  300 gauss i s o l a t e d  t h e  window from 

secondary e l e c t r o n s .  The l e n g t h  of t h e  ou tpu t  s e c t i o n  from t h e  top  o f  t h e  

5- 
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e x i s t i n g  p o l e p i e c e  t o  t h e  window jlas 40". 

f o r  a double  FC-75 face-cooled  5" diameter window. To w i t h s t a n d  t h e  atmo- 

spher ic  and c o o l a n t  combined p r e s s u r e ,  t he  t h i c k n e s s  of each of t h e  5" d i ame te r  

windows must be i n c r e a s e d  t o  a t  least  o m  g u i d e  wavelength per window. The 

i n c r e a s e d  window thickness would r e s u l t  i n  p r o p o r t i o n a l l y  l a r g e r  microwave 

power loss. Fron t h e  p o i n t  o f  view of  thermal c o n d u c t i v i t y  t o  t h e  f a z e  o f  t h e  

window, t h e  diameter is not  i m p o r t a n t ,  because t h e  l a r g e r  power loss and the 

i n c r e a s e d  t h i c k n e s s  are o f f s e t  by t h e  i n c r e a s e d  area a v a i l a b l e  f o r  f a c e  

c o o l i n g .  Wi th  respect t o  the  i n t e r f a c e  between the  window and the  c o o l a n t ,  t h e  

l a r g e r  window has some advantage  s i n c e  t h e  power per u n i t  area is  reduced.  

A paper  des ign  was a l s o  completed 

The obvious  advantage  of t h i s  approach is t h e  i n c r e a s e d  c o l l e c t o r  

d i ame te r  which makes beam sp read ing  less c r i t i c a l .  The window has i n c r e a s e d  

power l o s s  bu t  reduced i n t e r f a c e  coo l ing  d e n s i t y .  The 5" ou tpu t  gu ide  could be 

used ,  but  there are c l e a r l y  practical  inconveniences  and d i f f i c u l t i e s  due t o  

t h e  large s i z e .  O v e r a l l ,  t he  approach does not  appear t o  be optinurn. 

2. Des.ian of a 2.5" Diameter C-/ Output 

The design o f  a 2.5" I D  c o l l e c t o r  is c r i t i c a l l y  dependent upon the  

c o n t r o l  of t h e  e l e c t r o n  beam, p a r t i c u l a r l y  t h e  de  beam, i n  the c o l l e c t o r .  From 

a knowledge of t h e  magnet ic  f l u x  t h r e a d i n g  t h e  ca thode  and t h e  maqnetic f i e l d  

and e l e c t r o n  v e l o c i t y  components i n  t h e  i n t e r a c t i o n  r e g i o n ,  it can be shown 

t h a t  when t h e  beam is a t  t h e  c o l l e c t o r  r a d i u s ,  adequate magnet ic  f l u x  f o r  i t s  

c o n t r o l  is s t i l l  provided .  The beam is expanded a d i a b a t i c a l l y  i n t o  t h e  

c o l l e c t o r .  Th i s  w i l l  occur  i f  there  is a s u f f i c i e n t l y  g r a d u a l  r e d u c t i o n  i n  

magnet ic  f i e l d  i n  t h e  c o l l e c t o r .  I n  t h e  i n t e r a c t i o n  r e g i o n ,  t h e  maximum 

space-charge  f o r c e  a s s o c i a t e d  w i t h  t h e  de beam is l e s s  t han  0.4% of t h e  

magnet ic  f o r c e .  A t  t h e  c o l l e c t o r  w a l l ,  t h e  space-charge f o r c e  on t h e  o u t e r  

e l e c t r o n s  i n c r e a s e s  t o  about  10% of  t h e  radial  magnet ic  f o r c e .  Th i s  means t h a t  

for a real  beam, o u t e r  e l e c t r o n s  w i l l  be i n t e r c e p t e d  by the  c o l l e c t o r  e a r l i e r  

t han  would be t h e  case f o r  z e r o  space charge .  I n n e r  e l e c t r o n s  would a r r i v e  a t  

t h e  c o l l e c t o r  a t  p o i n t s  c l o s e r  t o  space-charge- f ree  c a l c u l a t i o n .  Thus ,  t h e  

e f f e c t  of space  charge is  t o  g i v e  a modest r e d u c t i o n  i n  t h e  power d e n s i t y  a t  

P 

t h e  c o l l e c t o r  wall. C a l c u l a t i o n s  based on space-charge- f ree  c o n d i t i o n s  w i l l  

t h u s  be c o n s e r v a t i v e .  
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T r a j e c t o r y  c a l c u l a t i o n s  were c a r r i e d  ou t  i n  a n a l y t i c  magnet ic  f i e l d s  

t h a t  could be s y n t h e s i z e d  by long  low-power s o l e n o i d s .  The f i e l d s  had t h e  form 

Bz = a / ( b  + Z )  where a and b are c o n s t a n t s .  

f i e l d  t o  be reduced by a f a c t o r  3 i n  a d i s t a n c e  IC, computed on t h e  bas i s  o f  

B Z 1 ,  a t  axial  p o s i t i o n  Z,. 

s a t i s f a c t o r i l y  adiabatic f o r  v a l u e s  of g ( g  = AB/E) as high  as  0.5 ( i . e . ,  t h e  

magnet ic  f i e l d  falls t o  h a l f  i ts i n i t i a l  va lue  i n  a d i s t a n c e  cor responding  t o  

t h e  c y c l o t r o n  wavelength based upon t h e  magnet ic  f i s l d  a t  t h e  i n i t i a l  pos i -  

t i o n ) .  A t  f i e l d s  below 1000 gauss the  ax ia l  v e l o c i t y  remains c o n s t a n t  t o  4%, 
and t h u s  g was e s s e n t i a l l y  c o n s t a n t  i n  t h i s  impor t an t  r e g i o n .  

T h i s  Form of  f i e l d  enabled  t h e  

C a l c u l a t i o n s  showed that the beam expans ion  was 

F i g u r e  2 shows t h e  i n t e r c e p t i o n  of i n n e r  t r a j e c t o r i e s  a t  t h e  co l -  

l e c t o r  wall. Nine e l e c t r o n s  were in t roduced  equispaced  around a c i r c u l a r  c r o s s  

s e c t i o n  of a c y c l o i d a l  o r b i t .  The i r  t r a n s v e r s e  and a x i a l  e n e r g i e s  corresponded 

t o  t h e  magnet ic  f i e l d  a t  t h e  p l a n e  of i n t r o d u c t i o n .  Siffi i lar  t r a j e c t o r i e s  f c r  

o u t e r  e l e c t r o n s  are  i n t e r c e p t e d  i n  a s h o r t e r  d i s t a n c e  t r a n s l a t e d  by about  Sx1 

towards t h e  c a v i t y .  From t h e  summation o f  such sets of  t r a j e c t o r i e s ,  t h e  

c u r r e n t  d e n s i t y  a t  the c o l l e c t o r  can be de te rmined .  Th i s  takes the  form shown 

i n  F i g u r e  3. The magnet ic  f i e l d  f o r  t h i s  c a s e  i s  shown i n  F i g u r e  4. Note t h a t  

t h e  maximum power d e n s i t y  (under  de  c o n d i t i o n s )  i n t o  t h e  c o l l e c t o r  would be 
2 - 1 kW/cm . CoLlector  power d e n s i t y  d i s t r i b u t i o n s  were e s t i m a t e d  f o r  a v a r i e t y  

of modes of o p e r a t i o n .  I n  a l l  c a s e s ,  t h e  maximum power d e n s i t y  Mas l e s s  t han  

1.25 kW/cm . To p reven t  e x c e s s i v e  movement of  t h e  beam i n  t h e  c o l l e c t o r  as t h e  

gun c o i l  c u r r e n t s  are a d j u s t e d ,  it was planned t o  program t h e  c o l l e c t o r  nagnet  

such t h a t  t h e  c o l l e c t o r  magnet c u r r e n t  IC = 9 + IG, where IC, i s  t h e  c u r r e n t  o f  

gun c o i l  Number 1 .  

2 

The complete  c o l l e c t o r  is shown i n  F i g u r e  5. A 3.5' taper ex tends  

from the  c a v i t y  t o  t h e  2.5" diameter. Th i s  is fo l lowed by an  i n s u l a t e d  gap 

which e n a b l e s  body c u r r e n t  t o  be measured and a l so  acts  as a mode suppres so r  

f o r  non-TE modes. The c o l l e c t o r  is cooled by 3 6 ,  0.187" diameter c y l i n d r i c a l  
on 

. channe l s  w i t h  a water  f low of 200 gpm r e q u i r i n g  a p r e s s u r e  head of 180 p s i .  A 

t r a n s v e r s e  magnet ic  f i e l d  of g r e a t e r  t han  600 gauss p rov ides  a barrier f o r  h igh  

energy  secondary  e l e c t r o n s .  The window would be mounted i n  l i n e  s o  t h a t  

e x t e r n a l  mode s u p p r e s s i o n  ( e x t e r n a l  t o  t h e  vacuum t u b e )  could  be provided  

between t h e  window and the first miter bend of  t h e  ou tpu t  gu ide .  Mode con- 
c 
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v e r s i o n  from the TEO2 t o  o t h e r  c i r c u l a r - e l e c t r i c  modes would be l e a s  t h a n  5 %  

(power bas i s ) .  

Estimates were made of t h e  r e q u i r e d  t o l e r a n c e s  on t h e  c o l l e c t o r  

a l ignment  w i t h  respect t o  t h e  beam c o n t a i n i n g  f lux  t u b e s .  These were prac- 

t i c a l .  However, t h e  r e c e n t  examinat ion  of minor beam damage i n  a 10" diameter  

c o l l e c t o r  i n d i c a t e s  c o n s i d e r a b l e  lack of ax i a l  symmetry i n  t he  g u i d i n g  f l u x  

t u b e s  through t h e  main magnet a t  ORML. While d e t a i l e d  c a l c u l s t i o n s  have no t  

Seen made of such an asymmetry on t h e  2.51r diameter c o l l e c t o r ,  such asymmetry 

is clearly u n d e s i r a b l e ,  o u t s i d e  acceptable t o l e r a n c e s ,  and must be reduced t o  

make t h i s  approach p r a c t i c a l .  

3. er C o l l w  w i t h  T a D e r  Down t o  2 .5"  

This system should  have more t o l e r a n c e  w i t h  r e s p e c t  t o  beam p o s i t i o n  

than  the  2.5" d i ame te r  c o l l e c t o r .  It is planned t h a t  e l e c t r o n  t r a j e c t o r y  

c a l c u l a t i o n s  w i l l  be made t o  s t u d y  t h i s  p o s s i b i l i t y .  

answered is whether t a p e r i n g  the ou tpu t  gu ide  Sack down t o  2.5" diameter  can be 

accomplished wi thout  e x c e s s i v e  mode convers ion .  Co ld - t e s t  hardware has  been 

des igned  and is be ing  c o n s t r u c t e d  t o  test  t h e  effects  of t h e  taper. 

The o t h e r  q u e s t i o n  t o  be  

x 
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V. PROGRAM SCHEDULE AND PLANS 

The  updated m i l e s t o n e  c h a r t  i s  shown i n  Figure 6 .  The i n i t i a l  cons t ruc -  

t i o n  of tube No. 3 was completed i n  accordance  w i t h  t h e  p rev ious  schedu le ;  

however, t h e  performance of t h e  t u b e  n e c e s s i t a t e d  a r e b u i l d .  The r e b u i l d i n g  

and r e t e s t i n g  per iod  is i n d i c a t e d  on t h e  chart , .  T h i s  led t o  an i n i t i a l  s h i p -  

ping d a t e  a t  t h e  end of September.  

During J u l y ,  an unscheduled r e b u i l d  of  t u b e  No. 2 was a l s o  accomplished.  

T h i s  was added t o  t h e  m i l e s t o n e  c h a r t .  

The performance o f  t u b e  No. 3 was no t  s u f f i c i e n t l y  good t o  warrafit com- 

p l e t i o n  o f  t ube  No. 4 u s ing  the same d e s i g n .  T h e r e f o r e ,  t,he planned comple t ion  

o f  No. 4 h a s  been rescheduled  t o  Oc tobe r .  T h i s  will allow f u r t h e r  

c o n s i d e r a t i o n  of  a l t e r n a t i v e  c o n f i g u r a t i o n s  for coup l ing  o u t  raicrowave power. 

I t  i s  expected t h a t  i n v e s t i g a t i o n  of' a l t e r n a t i v e  ou tpu t  sys%ens w i l l  be  

cont inued  through t h e  next  q u a r t e r ,  even beyond t h e  comple t ion  of t u b e  No. 4. 
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