
I @ varian 

I 
I 

I 

. 

JPL CONTRACT No. 951103 

APRIL, 1967 

"This work was performed for the Jet Propulsion laboratory, California Institute of Technology, 
sponsored by the National Aeronautics and Space Administration under Contract NAS7-100." 

- - .w 

ElMAC division 

san Carlos, California 

I N 6  7 - 95 69 9 (THRU) 

/ 301 industrial way 

https://ntrs.nasa.gov/search.jsp?R=19670026670 2020-03-16T16:34:47+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85246953?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


d 

?& 20-100 WA!tTAS-BAKD AIWLIFIF3 6 
* 

QUARTERLY REPORT NO. 1 

6 ERLING L. LBN 

ALm MIzuHARAq 

"This work was performed f o r  the J e t  Propuls ion  Laboratory, Ca l i fo rn ia  
I n s t i t u t e  of Technology, sponsored by the Na t iona l  Aeronautics and Space 
Adminis t ra t ion  under Cont rac t  NAS7-100. 'I 

301 INDUSTRIAL WAY 

-$3AN CAFmS, CALIFORNIA 3 
""jd 



NOTICE 

Th i s  r e p o r t  was prepared a s  an  account of Government-sponsored work. 
Ne i the r  t h e  United S t a t e s ,  nor t h e  Na t iona l  Aeronaut ics  and Space 
Adminis t ra t ion  (NASA), nor any person a c t i n g  on behalf  of NASA: 

a .  Makes warranty or r ep resen ta t ion ,  expressed o r  implied, wi th  
r e s p e c t  t o  t h e  accuracy, completeness, o r  u se fu lness  of t h e  
information contained i n  t h i s  r e p o r t ,  o r  t h a t  t h e  use  of any 
information,  appara tus ,  method, o r  process  d i sc losed  i n  t h i s  
r e p o r t  may not  i n f r i n g e  privately-owned r i g h t s ;  o r  

b. Assumes any l i a b i l i t i e s  w i th  r e s p e c t  t o  t h e  use of,  or f o r  
damages r e s u l t i n g  from t h e  use of any information,  appara tus ,  
method, o r  process  d i sc losed  i n  t h i s  r e p o r t .  

A s  used above, "person a c t i n g  on behal f  of NASA" i nc ludes  any employee 
or c o n t r a c t o r  of NASA, or  employee of such con t r ac to r ,  t o  the e x t e n t  t h a t  
such employees o r  c o n t r a c t o r  of NASA, o r  employee of such c o n t r a c t o r  
prepares ,  d i sseminates ,  o r  provides  access  to ,  any informat ion  pursuant  
t o  h i s  employment wi th  such con t r ac to r .  

Requests f o r  copies  o f  t h i s  r e p o r t  should be r e f e r r e d  t o :  

Na ti onal Aeronaut i cs  a nd Spa c e Adminis t ra t ion  
Of f i ce  of S c i e n t i f i c  and Technica l  Informat ion  
Washington 25,  D. C. 

At ten t ion :  AFSS-A 

i 



ABSTRACT 

A 20 t o  100 wat t ,  S-band, e l e c t r o s t a t i c a l l y  focused k l y s t r o n  having 

a rad ia t ion-cooled  depressed c o l l e c t o r  f o r  use i n  i n t e r - p l a n e t a r y  space- 

borne canmunication systems i s  p r e s e n t l y  under development. Although two 

k l y s t r o n s  have been b u i l t  i n  the p a s t  which s a t i s f i e d  t h e  power output  

and bandwidth (30 MHz a t  t h e  -3 db p o i n t s )  requirements ,  t h e  h i g h e s t  

e f f i c i e n c y  achieved was 38 percent  a t  the  100 w a t t  l e v e l  - lower than  t h e  

43 pe rcen t  requi red  by t h e  s p e c i f i c a t i o n s .  

achieved through t h e  use of e i g h t  ex tended- in t e rac t ion  r e s o n a t o r s  which 

were s t agge r -  tuned. 

The 30 MHz bandwidth was  

I n  o rde r  t o  achieve  t h e  45 percen t  e f f i c i e n c y  level, t h e  e x i s t i n g  

program was r e d i r e c t e d  wi th  new miles tones .  

This q u a r t e r l y  r e p o r t  desc r ibes  t h e  f i rs t  major mi l e s tone  of  t h i s  

1 4  month e f f i c i e n c y  improvement program: t h e  des ign  of a 5 - 
r e sona to r ,  narrow band k l y s t r o n ,  f a b r i c a t e d  p r i m a r i l y  t o  i n v e s t i g a t e  t h e  

v a r i o u s  e f f i c i e n c y  improvement schemes. Small- s i g n a l  g a i n  c a l c u l a t i o n s  

shared that a t o t a l  of f i v e  r e sona to r s  were r equ i r ed .  

Presented i n  g r a p h i c a l  form a r e  t h e  ope ra t ing  c h a r a c t e r i s t i c s  of t h e  

k l y s t r o n  such a s  rf e f f i c i e n c y  and beam t ransmiss ion  a s  a f u n c t i o n  of t h e  

l o a d  conductance of t h e  output  r e sona to r  normalized t o  t h e  b e a m  conductance. 
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I. PmLIMINARY DESIGN 

A .  Computer Analysis  of dc Beam 

1. Purpose 

One of t h e  design a reas  thoroughly i n v e s t i g a t e d  was the  pe r iod ic -  

e l e c t r o s t a t i c - f o c u s i n g  system used i n  the  k l y s t r o n s  developed under 

t h i s  program. The purpose of t h e  s tudy  was t o  f i n d  the  most s t a b l e  

beam geometry i n  a n  e igh t - l ens  system. 

2 .  The Computer Program 

The d i g i t a l  computer program i s  a b l e  t o  c a l c u l a t e  the  e l e c t r o n  

t r a j e c t o r i e s ,  t ak ing  space-charge fo rces  i n t o  accoiint, of a d c  beam 

through a g iven  focus ing  system. The o v e r a l l  shape of t he  a x i a l l y -  

symmetric beam i s  descr ibed by the  program i n  two-dimensional form 

by sampling s e v e r a l  e l e c t r m s  i n  the  beam and computing t h e i r  

i n d i v i d u a l  t r a j e c t o r i e s .  Normally, 8 t o  I 2  e l e c t r o n s  a r e  s u f f i c i e n t  

t o  f u l l y  descr ibe  a beam. 

a s  w e l l  a s  i n  g r a p h i c a l  form; i . e . ,  t h e  t r a j e c t o r i e s  a r e  p lo t t ed  t o  

s c a l e  on graph p p e r  having a n  r-z coordinate  system. Also p l o t t e d  

f o r  re ference  purposes a r e  t h e  l e n s  e l e c t r o d e  boundary and c e r t a i n  

e q u i p o t e n t i a l  l i n e s .  

The f i n a l  s o l u t i o n  i s  presented i n  p r i n t e d  

3. Lens Parameters 

The l e n s  model used i n  t he  a n a l y s i s  was i d e n t i c a l  t o  the  one 

used i n  the  l a s t  tube,  tube 2a .  The perveance of t he  beam was kep t  

cons tan t  tlhroughout t he  i n v e s t i g a t i o n  a t  0.72 microperveance. The 

v a r i a b l e  parameter was the  beam f i l l i n g  f a c t o r ,  def ined a s  t h e  r a t i o  

of beam-to-tunnel r a d i i .  
- 1 -  



The i n v e s t i g a t i o n  consis ted of a sys temat ic  computation of 

va r ious  diameter  beams through e i g h t  l ens  s t a g e s .  Because of the 

l imi t ed  capac i ty  of t he  computer, t he  t r a j e c t o r i e s  through only one 

l e n s  s t a g e  could be ca l cu la t ed  p e r  run. The t r a j e c t o r y  da ta  a t  t h e  

output  of each  l ens  s t a g e  was  t hen  used a s  t h e  i n p u t  da ta  f o r  the  

next  s t a g e .  This procedure was repea ted  through a l l  e i g h t  l e n s e s .  

The f i l l i n g  f a c t o r s  s tud ied ,  a long  wi th  same r e l e v a n t  da t a ,  

a r e  given below f o r  t h e  f i r s t  lens:  

'lens ( v o l t s )  'min ( v o l t s )  F i l l i n g  Fac tor  Vbeam (volts 

0.65 32 00 - 600 1320 

0.70 3200 -350 1373 
0.75 3200 - 100 14 73 
0.80 3200 +200 1569 
0.90 3200 +700 1782 

I n  a l l  cases ,  t he  beam was i n j e c t e d  i n t o  t h e  f i r s t  l e n s  s t a g e  a t  bn 

i s  the  de p o t e n t i a l  energy leve l  corresponding t o  3200 v o l t s .  

(w i th  r e spec t  t o  t h e  cathode) a t  which the  l e n s  element m i l s t  operate  

'lens 

i n  o rde r  t o  focus t h e  beam s o  i d e n t i c a l  r a d i i  e x i s t  a t  t h e  en t rance  

and e x i t  planes of t he  f i r s t  s t a g e .  This l ens  vol tage  was k e p t  

cons tan t  f o r  a 11 subsequent c a l c u l a t i o n  invo lv ing  the  g iven  f i l l i n g  

i s  the  lowest de p o t e n t i a l  which any part of t h e  beam f a c t o r .  

ach ieves .  It i s  loca ted  a t  t h e  i n t e r s e c t i o n  between t h e  t r ansve r se  

'mi n 

symmetry plane of t h e  l e n s  and t h e  maximum beam rad ius .  This 

p o t e n t i a l  i s  given w i t h  r e spec t  t o  t h e  cathode vo l t age .  

l a r g e r  (more p o s i t i v e )  va lue  i s  d e s i r a b l e  here ,  a s  it rep resen t s  a 

A numerical ly  

smql le r  level  of vo l tage  depression,  and reduces the  p o s s i b i l i t y  of 

r e f l e c t i n g  t h e  slower e l ec t rons  which necessa r i ly  e x i s t  i n  a 

modulated beam. 
- 2 -  



4 .  Resul t s  

0.65 f i l l i n g  f a c t o r  

This i s  t h e  f i l l i n g  f a c t o r  used i n  tube No. 2a .  The oi1.termost 

e l e c t r o n ,  t h e  one most subjec ted  t o  the  in f luence  of s p h e r i c a l  

a b e r r a t i o n ,  "ballooned out"  a t  l e n s  No. 6, c rossed  the  a x i s  twice,  

and c o l l i d e d  i n t o  t h e  d r i f t  t unne l  a f t e r  l e n s  No. 7. The lowest  

p o t e n t i a l  level  which t h i s  e l e c t r o n  experienced was 760 v o l t s .  

0.70 f i l l i n g  f a c t o r  

Except f o r  "ba l looning" of t h e  outermost e l e c t r o n  a t  l ens  No. 7, 

t he  beam t r ave r sed  a l l  8 l enses  wi thout  event .  The value of V f o r  

t h i s  beam was 1111 v o l t s .  

m i  n 

0.80 f i l l i n g  f a c t o r  

This beam exh ib i t ed  the l e a s t  amount of s c a l l o p i n g  a s  it t r a v e r s e d  

the  f i r s t  seven s t a g e s .  However, because of i t s  h ighe r  f i l l i n g  f a c t o r ,  

tlnere i s  less o v e r a l l  c learance t o  begin wi th  and t h e  outermost 

e l e c t r o n  d id  eventua.l ly c o l l i d e  w i t h  t h e  d r i f t  t unne l  a t  l ens  No. 8. 

A s  only seven l enses  a r e  used i n  a n  8 resonator  k l y s t r o n ,  t h e  plane 

of i n t e r c e p t i o n  corresponds t o  t h e  en t rance  plane of the c o l l e c t o r ,  

and i s  t h e r e f o r e  inconsequent ia l .  

q u i t e  favorable  , being 14 80 v o l t s .  

The Vmin f o r  t h i s  f i l l i n g  f a c t o r  i s  

0.90 f i l l i n g  f a . c to r  

After t r a v e r s i n g  th ree  l e n s  s t a g e s ,  i t  became appa ren t  t h a t  t h i s  

very l a r g e  f i l l i n g  f a c t o r  allowed no margin between beam and tunnel  

beyond l ens  No. 3. The i m p r a c t i c a l i t y  of t h i s  case  discouraged 

f u r t h e r  i n v e s t i g a t i o n .  
- 3 -  



I n  gene ra l ,  beams having 0.65 and 0.90 f i l l i n g  f a c t o r s  a r e  no t  

s a t i s f a c t o r y .  The 0.7 f i l l i n g  f a c t o r  beam e x h i b i t s  g r e a t e r  s c a l l o p -  

i n g  and p o t e n t i a l  depress ion  than  t h e  0.8 f i l l i n g  f a c t o r  beam, b u t  

has more.clearance than  the 0.8 f i l l i n g  f a c t o r  beam. 

the 0.7 and 0.8 f i l l i n g  f a c t o r  beams a r e  more s t a b l e  than  the 0.65 

or 0.9 f i l l i n g  f a c t o r  beams. A 0.75 f i l l i n g  f a c t o r  beam appears  t o  

However, bo th  

be a reasonable compromise, o f f e r i n g  s t a b i l i t y  and c learance .  

B. Computer Analyses of a Simulated rf Modulated Beam 

1. Purpose 

I n  a d d i t i o n  t o  the i n v e s t i g a t i o n  of t h e  p e r i o d i c  focus ing  

system, the conversion of a x i a l  v e l o c i t y  t o  r a d i a l  v e l o c i t y  by the 

l a s t  l e n s  was s tud ied  . 
Under modulated rf opera t ion ,  the beam emerging from t h e  

penul t imate  c a v i t y  i s  v e l o c i t y  modulated and i s  composed of e l e c t r o n s  

w i t h  a x i a l  v e l o c i t i e s  higher and lower than  t h e  dc d r i f t  v e l o c i t y .  

A s  these e l e c t r o n s  t r a v e l  on t o  t r a v e r s e  the  l a s t  l ens ,  they  exper ience  

vary ing  l e v e l s  of r a d i a l - v e l o c i t y  modulation a t  t h e  expense of a x i a l -  

v e l o c i t y  modulation. This conversion process  wa.s i n v e s t i g a t e d  us ing  

the same computer program a s  tha.t used p rev ious ly  t o  s tudy  e l e c t r o n  

t r a j e c t o r i e s .  

2 .  Beam Models 

The computer beam models s t u d i e d  have f i n i n g  f a c t o r s  of 0.65 and 

0.80. 

t h i s  meant a swing of + 1000 v o l t s  f o r  a 3200 v o l t  beam. Therefore ,  

f o r  each  of the two f i l l i n g  f a c t o r s ,  two i n i t i a l  v e l o c i t i e s  were used 

i n  t h e  s tudy  corresponding t o  the  lowest and h i g h e s t  e l e c t r o n  energy 

A s  approximately a 30 pe rcen t  depth  of modulation was assumed, 

- 
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levels  of 2200 v o l t s  and 4200 v o l t s ,  r e spec t ive ly .  Once again,  

only dc space charge was taken i n t o  account  i n  t h e  c a l c u l a t i o n s  and 

the beam a t  t h e  en t rance  plane was assumed t o  be laminar  w i t h  a 

homogeneous c u r r e n t  d i s t r i b u t i o n .  

3. Results 

The t a b l e  below summarizes the computer r e s u l t s :  

Energy l eve l  
of  e l e c t r o n s  
a t i n i  e c t  i on 0.65 f i l l im fa .c tor  

4200 Vol t s  

2200 Vol t s  

Beam l a m i n a r  and 
w e l l  focused. 

Severe chromatic 
abe r ra t ion .  
Co l l i s ion  wi th  
output  c a v i t y  
t u n n e l ,  

0.80 f i l l i n g  f a c t o r  

Beam laminar  and 
w e l l  focused. 

Beam h igh ly  
convergent. 
Shallow cross-  
overs .  No 
i n t e r c e p t i o n .  

For the case  involv ing  the f a s t  e l ec t rons ,  because of the e f f e c t i v e l y  

lower beam perveance a t  4200 volts, the beam remained w e l l  focused, 

laminar  and nea r ly  p a r a l l e l  even through the output  c a v i t y  tunnel .  

This was t r u e  f o r  both f i l l i n g  f a c t o r s .  For t h e  case  where t h e  

e l e c t r o n s  a r e  i n j e c t e d  a t  2200 v o l t s  -- r ep resen t ing  the slowest 

e l e c t r o n s  i n  a modulated beam -- t h e  s i t u a t i o n  i s  r a d i c a l l y  d i f f e r e n t  

a s  the t r a j e c t o r y  i s  very s t rong ly  inf luenced  by t h e  chromatic 

a b e r r a t i o n  of  t h e  l e n s .  Since t h e  f o c a l  l e n g t h  of t h e  l e n s  depends 

upon t h e  e l e c t r o n  energy -- i .e . ,  t h e  lower the energy, t h e  g r e a t e r  

t h e  change i n  f o c a l  l e n g t h  -- e l e c t r o n s  i n j e c t e d  a t  2200 v o l t s  l e a v e  

t h e  l e n s  h i g h l y  convergent. 

converges t o  a minimum f i l l i n g  f a c t o r  of 0.52 half'way down t h e  output  

cav i ty ,  before  it diverges  and enters t h e  c o l l e c t o r .  

For a f i l l ing f a c t o r  of 0.80, t h e  beam 

Crossovers of 
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t r a j e c t o r i e s  do exist, b u t  a s  t hey  occur a t  a very shal luw ang le  

wi th  r e s p e c t  t o  t h e  ax i s ,  they a r e  of l i t t l e  consequence. 

t ransmiss ion  i s  100 percent  f o r  th i s  f i l l i n g  f a c t o r .  However, f o r  a 

f i l l i n g  f a c t o r  of  0.65, t h e  a d d i t i o n  of s p h e r i c a l  a b e r r a t i o n  produces 

a h i g h l y  convergent beam w i t h  severe crossovers .  

occurred s t a r t i n g  a t  t h e  supported d r i f t  tube  and continued downstream 

a s  it r a p i d l y  diverged from i t s  minimum diameter  near t h e  en t r ance  

p l ane  of t h e  output  c a v i t y .  

The beam 

Beam i n t e r c e p t i o n  

Based on the above computer r e s u l t s ,  a n  rf modulated beam of 

0.80 f i l l i n g  f a c t o r  i s  p re fe r r ed  over t h e  smal le r  0.65 f i l l i n g  f a c t o r  

beam because it i s  more s t a b l e  and i s  less l i ke ly  t o  be i n t e r c e p t e d .  

C.  Calcu la t ion  of  rf Radial-Velocity Modulation 

1. Purpose 

The degree of r a d i a l - v e l o c i t y  modulation produced by t h e  

penul t imate  and output  r e sona to r  was ca l cu la t ed  t o  o b t a i n  a f i r s t  

o rde r  a.pproximation o f  the beam p r o f i l e  i n  t h e  v i c i n i t y  of the output  

end of  t h e  tube.  

2 .  Mathematical Desc r ip t ion  

The a x i a l  and r a d i a l  v e l o c i t i e s  r e s u l t i n g  from t h e  rf modulation 

process  a r e  expressed by the fo l lowing  terms: 

T just 
7.l = - -  v M~ (r,) e o (a .x ia l -ve loc i ty  component) 

Z v 
0 

( r a d i a l - v e l o c i t y  component) (2 )  'era jato e v = - j V Mz (ro) - r 2 
n 

0 
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where: e 
m 7 = - ( r a t i o  o f  e l e c t r o n  charge t o  mass) 

v = v e l o c i t y  of unmodulated beam 
0 

V = rf gap volta.ge ampli tude 

M z ( r o )  = complex a x i a l  beam-coupling c o e f f i c i e n t  i n  t h e  gap 

f3 = phase consta.nt corresponding t o  t h e  e l e c t r o n  v e l o c i t y  e 

r = i n i t i a l  beam ra .dius  
0 

u = 2 *  f 
0 

t = e n t r y  time a.t the c e n t e r  of  the gap 
0 

Hence, t h e  r a d i a l - v e l o c i t y  m d u l a . t i o n  i s  seen  t o  be 90' out  of  phase 

w i t h  t h e  ax ia , l -ve loc i ty  modulation. 

By d e f i n i n g  

Eqs.  1 a.nd 2 a.bove may be  w r i t t e n  a.s 

j(ut + e )  v = (vz l  e 0 
z 

Considering only t'ne r e a l  part of  t h e  above equat ions,  w e  g e t  

v Z = JvzI cos (uto + e) 

v = - 2 'e'o l v z l s i n  (ut + e) 
r 0 

Eqs.  6 and 7. a r e  shown p l o t t e d  i n  Fig.  1. 
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I n  the case  of the penultimate resonator ,  the r a d i a l - v e l o c i t y  

modulation of the c e n t e r  e l e c t r o n  of the bunch as it passes  through 

t h e  m i d d l e  of t h e  gap i s  p o s i t i v e  (defocusing) .  A t  the same i n s t a n t ,  

the a x i a l  f i e l d  i s  zero,  but p a s s i n g  frm a r e t a r d i n g  t o  a c c e l e r a t i n g  

phase. For t h i s  l a t t e r  case, the approximate i n c r e a s e  i n  beam spread 

due t o  t h e  rf r a d i a l - v e l o c i t y  modulation i s  2 degrees .  

the d e f l e c t i o n  o r i g i n a t e s  a t  the c e n t e r  of the penul t imate  cav i ty ,  

th i s  2 degree inc rease  results i n  a 17 pe rcen t  i n c r e a s e  i n  t h e  d iameter  

of  t h e  beam minimum a t  t h e  c e n t e r  of t h e  output  gap. 

If w e  assume 

For the case  of t h e  output cav i ty  a lone,  the r a d i a l - v e l o c i t y  

modulation i s  ze ro  when t h e  a x i a l - v e l o c i t y  modulation i s  a t  a maximum. 

Consequently, a t  cen te r  frequency opera t ion  t h e  r e s u l t a n t  beam spread 

beyond t h e  output  gaps i s  due t o  the space-charge f o r c e s  a lone .  

w e  assume f o r  t h i s  ca l cu la t ion ,  t h e  e f f e c t i v e  bunched beam perveance 

t o  be c l o s e  t o  3 microperveance, t he  beam spread ang le  due t o  t h e  

space charge a lone  i s  6 degrees.  

c a v i t y  r a d i a l - v e l o c i t y  modulation given above. I f  it i s  assumed t h a t  

t h e  beam spread s t a r t s  a t  the  middle of the output  cav i ty ,  t h e  beam 

diameter  a t  the middle of the  ex i t  gap of t h e  output  c a v i t y  i s  about  

0.200 inch  i n c r e a s i n g  t o  about 0.230 inch  j u s t  beyond t h e  downstream 

nozzle.  Based on the above c a l c u l a t i o n s  a lone ,  it i s  ev ident  t h a t  

the output  c a v i t y  tunne l  geometry used i n  tube  No. 2a i s  marginal  

from t h e  beam t ransmiss ion  p o i n t  of view s i n c e  the downstream nozzle  

t u n n e l  i s  0.230 inch  i n  d iameter .  Huwever, a s  the rf modulating 

process  i s  a n  extremely complex one -- even more so f o r  a n  

e l e c t r o s t a t i c a l l y  focused k l y s t r o n  -- numerous s impl i fy ing  assumptions 

If 

Added t o  th i s  must be t h e  penul t imate  
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a r e  n e c e s s a r i l y  involved. Therefore,  t h e  numerical  r e s u l t s  a r e  

usefu l  p r imar i ly  a s  a guide.  The refinement i n  t u n n e l  geometry 

des ign  must rely heav i ly  on experimental  r e s u l t s .  

D. Output Cavi ty  Cold Tes t  I n v e s t i g a t i o n  

Based on the rf r a d i a l - v e l o c i t y  modulation c a l c u l a t i o n s ,  it was 

decided t o  i n c r e a s e  t h e  tunne l  diameter.  

a f ixed ,  suppor ted-dr i f t - tube-d iameter  of 0.240 inch, w i th  va r ious  upstream 

The cold t es t s  were made us ing  

nozzle  d iameters  ra.nging from 0.205 t o  0.240 inch. The downstream nozzle  

diameter  va r i ed  from 0.230 t o  0.260 inch.  

ra.nged from l9O t o  210 ohms. The gap spacings were f i x e d  a t  0.051 inch .  

The R/Q f o r  t h e s e  c a v i t i e s  

Other tes ts  i n  which the gap spacings were va r i ed  showed t h a t  t h e  change 

i n  R/Q wi th  gap spacing i s  about  1.5 ohms p e r  m i l .  It was a l s o  found 

t h a t  t h e  suppor ted-dr i f t - tube  diameter a f f e c t s  t h e  R/Q more than  t h e  

upstream o r  downstream nozzle diameters.  General ly  spea.king, t h e  sma l l e r  

t h e  suppor ted-dr i f t - tube  diameter and the l a r g e r  the gap spacings,  the 

h ighe r  the va lue  of R/Q. 

The f inal  geometry of t h e  output  c a v i t y  used f o r  t ube  3s i s  

upstream nozzle  .23O inch  diameter  

supported nozzle  .23O inch  diameter  

downstream nozzle .260 inch  diameter  

gap spacings .O7O i nch  per gap 

These d iameters  were chosen t o  a.llow t h e  modula.ted beam t o  c l e a r  the 

o u t p u t  c a v i t y  w i t h  l i t t l e  or  no i n t e r c e p t i o n .  

E. Sma.ll-Signal Gain Calcu la t ion  

The minimum number of resonators  which a k l y s t r o n  u t i l i z i n g  a. dua l  
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penul t imate  r e sona to r  system requires i s  f o u r .  The table  below gives the 

va lues  f o r  r e sona to r  order,  func t ion ,  Rsh/Q, and Q- fac to r s .  

parameters were used i n  the g a i n  c a l c u l a t i o n s .  

These 

Rsh/Q ‘0 % Resonator Funct ion  

#2 antepenul t imate  2040 314 - 

#4 ou tput  2301 1720 5 1  
#3 penul t imate  204Q 373 - 

The normalized spac ing  p R i s  7.28 r a d i a n s  between a l l  r e sona to r s .  

an tepenul t imate  and penul t imate  r e sona to r s  a r e  f u n c t i o n a l l y  used t o g e t h e r  

t o  s imula t e  a s i n g l e  penul t imate  c a v i t y  having a h ighe r  R 

fou r - r e sona to r  case, the sma l l - s igna l  g a i n  c a l c u l a t i o n s  performed by a 

computer showed the g a i n  t o  be we l l  below the requi red  30 db a s  d i c t a t e d  

The e 

/Q. For t h i s  sh 

by the rf dr ive leve l  a v a i l a b l e  from the t e s t  instrument.  Th i s  i s  because 

both  resona.tors No. 2 and 3 must b e  detuned about 1.5 pe rcen t  above band 

cen te r ,  thereby  c o n t r i b u t i n g  l i t t l e  or noth ing  t o  t h e  ga.in mechanism. A t  

l e a s t  30 db of sma l l - s igna l  g a i n  i s  necessary t o  achieve  the minimum 

s a t u r a t i o n  g a i n  of 24 db, a s  t h e  rf d r i v e r  used dil.ring h o t  t e s t  i s  no t  

a b l e  t o  gene ra t e  more t h a n  about 0.5 w a t t  of power. Therefore,  it i s  

c l e a r  t h a t  f o u r  r e sona to r s  a r e  i n s u f f i c i e n t .  

With the a d d i t i o n  o f  a f i f t h  r e s o n a t o r  between r e sona to r s  1 and 2, an 

immediate i n c r e a s e  i n  sma l l - s igna l  g a i n  t o  38 d b  or more i s  obtained. 

Th i s  a d d i t i o n a l  r e s o n a t o r  unloaded Q and Rsh/Q were 460 and 212, r e s p e c t i v e l y .  

The g a i n  for s e v e r a l  p o s s i b l e  tun ing  p a t t e r n s  t o  b e  used i n  the  t e s t i n g  of 

the tube  were c a l c u l a t e d  and the  results a r e  g iven  below. The tun ing  of  

the an tepenu l t ima te  and penultimate r e sona to r s  w i t h  r e s p e c t  t o  the 

o p e r a t i n g  frequency has  a dominate e f f e c t  on the e f f i c i e n c y .  Seve ra l  

t u n i n g  pa . t t e rns  were t h e r e f o r e  t r i e d .  
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I n  Case 1 above, a l l  c a v i t i e s  a r e  se t  t o  f except  for t he  an tepenul t imate  

and penul t imate  c a v i t i e s .  

s i g n a l  c a l c u l a t i o n  which showed t h i s  t un ing  p a t t e r n  t o  be t h e  one y i e ld ing  

t h e  h i g h e s t  e f f i c i e n c y .  The ga in  i s  42 db. I n  Case 2, c a v i t i e s  No. 3 

and No. 4 a r e  brought i n  c l o s e r  t o  t h e  ope ra t ing  frequency. Resonator No. 1 

i s  p laced  1 2  M f k  below f . This i s  imposed by t h e  tun ing  l i m i t  of  

t h e  a c t u a l  r e sona to r  f a b r i c a t e d  f o r  tube  No. 3s. The consequence of t h i s  

i s  t h a t  t'ne response curve becomes broader,  and the ga in  i s  decreased.  

Case 3 i s  wi th  c a v i t y  No. 3 tuned i n  c l o s e  t o  band c e n t e r  w i th  c a v i t y  

No. 4 l e f t  a lone  t o  s imula te  opera t ion  wi th  a s i n g l e  penul t imate  cav i ty .  

A s  a result  of b r ing ing  c a v i t y  No. 3 i n  toward band cen te r ,  t h e  ga.in i s  

43 db. 

c a v i t i e s  tuned a n  a d d i t i o n a l  16 M H z  above t h a t  of Case 1. The decrease  

i n  g a i n  i s  only  3 db. Case 5 i s  w i t h  Cavi ty  No. 3 moved ano the r  25 MEz 

t o  a t o t a l  of 67 MHz from band center .  

a s  for Case 4 ,  a s  c a v i t y  No. 3 i s  tuned s o  f a r  ou t  of t h e  band t h a t  it i s  

e s s e n t i a l l y  i n o p e r a t i v e  a s  a resonator  and for a l l  p r a c t i c a l  purposes may 

be  replaced by a d r i f t  tunnel .  

0 

These a r e  s e t  26 MHz h ighe r  based on a l a r g e  - 

0 

Case 4 i s  simply a n  extension of Case 1, wi th  both penul t imate  

The g a i n  i s  e s s e n t i a l l y  the same 
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Based on t h e  above computer c a l c u l a t i o n s ,  a t  l e a s t  5 r e sona to r s  

a r e  requi red  w i t h  the r e s u l t a n t  ga in  being about  40 db. 

a r e  i n s u f f i c i e n t .  

Four r e sona to r s  
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11, SHORT TUBE DESIGN 

A .  Design Changes 

Tine p re l imina ry  des ign  information given above was used a s  t h e  b a s i s  

f o r  s e v e r a l  des ign  changes i n  tube No. 3s. The t a b l e  below shows t h e s e  

cha.nges i n  term of tubes  No. 2a. a.nd 3s. 

Beam f i l l ing  f a c t o r  

Beam diameter  

Cathode d iameter  

Buncher tunne l  diameter  

No. of r e sona to r s  

No. of l e n s e s  

Lens between gun and r e sona to r  No. 1 

Modula t i n g  a nod e 

Lens, method o f  support  

Lens feed insu la . tor  pa.th l e n g t h  

Lens d iameter  

Tube No. 2a 

0.65 
0.130 i n .  

0.333 i n .  
0.200 i n .  

8 
8 

Yes 

Ye s 

Mechanica.lly 
clamped 

.l25 i n .  

A l l  l e n s e s  

0.357 i n .  

Tube No. 7s 

0.75 
0.150 i n .  

0.385 i n .  
0.200 i n .  

5 
4 

No 

No 

Brazed 

.25O i n .  

Lens Nos. 1 t o  3 
0.357 in .  

Lens No. 4 
0.384 in .  

B. Gun S c a l i n g  

The beam f i l l i n g  f a c t o r  wa.s increased  from 0.65 t o  0.75 by i n c r e a s i n g  

t h e  beam diameter  t o  0.150 inch  whi le  keeping t h e  tunne l  d iameter  unchanged 

a t  0.200 inch. To gene ra t e  t h i s  l a r g e r  beam diameter  wi thout  changing 

t h e  perveance, a l l  l i n e a r  gun dimensions were sca led  by t h e  f a c t o r  

o*75 = 1.153. (When operated a t  3 KV, t h e  cathode c u r r e n t  was 0.127 amp.; 

the corresponding pervea.nce i s  0.74 microperveance) . 
0.65 
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C. Lens Sca l ing  

With regard t o  t h e  lens vol tage ,  t h e  computer ana lyses  of  t h e  dc 

beam showed t h e  optimum lens v o l t a g e  f o r  a l e n s  system having a beam 

f i l l i n g  fa .c tor  of 0.75 a.nd a l e n s  d iameter  of 0.357 inch t o  be -100 v o l t s  

w i th  r e s p e c t  t o  t h e  cathode potentia.1.  S ince  it i s  p r e f e m b l e ,  when 

us ing  s e p a r a t e  l e n s  power suppl ies ,  t o  ha.ve t h e  l e n s e s  s l i g h t l y  nega t ive  

w i t h  r e s p e c t  t o  cathode t o  prevent  e l e c t r o n  i n t e r c e p t i o n ,  t h e  l e n s  

dia.meters for t h e  f i r s t  t h r e e  l enses  were l e f t  t h e  same a s  t h a t  used 

p rev ious ly  i n  tube 2a. The except ion  t o  t h i s  i s  l e n s  No. 4 -- l oca t ed  

between t h e  penul t imate  c a v i t y  and t h e  output  c a v i t y  -- which operated 

more p o s i t i v e  than  t h e  o the r  l enses  by 400 v o l t s  i n  tube No. 2a. To be 

a b l e  t o  o p e r a t e  t h i s  l e n s  i n  t h e  nega t ive  region, it was necessary t o  

e n l a r g e  t h e  i n t e r n a l  diameter  from 0.357 inch  t o  0.384 inch. The des ign  

v o l t a g e  f o r  each of t h e  l e n s e s  i s  compared t o  t h e  a c t u a l  ope ra t ing  v o l t a g e  

i n  t h e  ta .ble  below for t ube  No. 3s. 

Design Ac tua l  

1 -100 v -200 v 
2 -100 v -200 v 
3 -100 v -400 V 
4 -100 v -200 v 

Lens No.  Voltage* Voltage" 

* With r e spec t  t o  a cathode v o l t a g e  of -3 kv. 

These measured va lues  do not co inc ide  e x a c t l y  wi th  t h e  des ign  va lues  s i n c e  

t h e  l a t t e r  va lues  were based on a dc unmodulated beam. &cause of t h e  

compensating adjustment  made t o  the diameter  of l e n s  4 ,  i t s  ope ra t ing  

v o l t a g e  i s  i d e n t i c a l  t o  t3na.t of l e n s e s  1 and 2. It appea.rs a s  i f  a 

s t r o n g e r  focus ing  a c t i o n  i s  requi red  on l e n s  3 t o  opt imize t h e  beam shape 

f u r t h e r  down stream. 
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D. Inpu t  Resonator 

The i n p u t  r e sona to r  loaded Q i n  tube  2a was 13 i n  order  t o  p r e s e n t  

a low VSWR a c r o s s  t h e  30 MHz band. S ince  bandwidth was not  a r e q u i s i t e  

condi t ion  f o r  t h e  s h o r t  tube,  whereas g a i n  was, the s h o r t  tube  was designed 

w i t h  a \ equal  t o  190. 

w i t h  a probe coupled t o  t h e  r a d i a l  f i e l d  of the h e l i c a l  resonator .  

Coupling was achieved a s  be fo re  ( i n  tube  2 a )  

E. OutDut Resona.tor 

The output  r e sona to r  des ign  was based on t h e  b e s t  a v a i l a b l e  da t a  

from t h e  pre l iminary  des ign  phase covered e a r l i e r  i n  th i s  r e p o r t .  A 

compromise tunne l  conf igu ra t ion  was a r r i v e d  a t  which was sma l l  enough t o  

y i e l d  a h igh  va lue  of Rsh/Q and y e t  l a r g e  enough t o  provide adequate  

c l ea rance  between t u n n e l  and beam. The v a r i o u s  parameters  a r e  shown 

below compared t o  t'nose f o r  tube  2a.: 

Output Resonator 

Number of gaps 

Upstream gap spac ing  

Downstream gap spac ing  

Upstream nozz le  diameter  

Supported tunne l  diameter  

Downstream nozzle  diameter  

Rsh/Q 

&r; 

Tube 2a. 

.058 

.062 

.205 

.215 

.230 

25 4 

47.5 

Tube 3s 
2 

.065 inch  

.O7O inch  

.23O i nch  

.23O inch  

.260 inch  

230 ohms 

51 

A 10 pe rcen t  r educ t ion  i n  Rsh/Q r e s u l t e d  from en la rg ing  the d r i f t  

t u b e  tunnel ,  d e s p i t e  tine inc rease  i n  gap spa.cings t o  o f f s e t  t h e  reduct ion .  

Except f o r  the d i f f e r e n c e s  noted above, t h e  output  ca .vi ty  was cons t ruc ted  

i n  t h e  same manner a s  t h a t  for tube No. 2a.  
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F. Test Results 

1. I n t r o d u c t i o n  

A s  explained i n  t h e  previous s e c t i o n s  of th i s  r e p o r t ,  t h e  

purpose of  making the  s h o r t ,  f ive-ca.vi ty  tube  was t o  e s t a b l i s h  t h e  

maximum e f f i c i e n c y  obtainable .  The ba.sic s e t  of tes ts  performed on 

the tube  were t h e r e f o r e  the mea.surement of t h e  conversion e f f i c i e n c y  

and t h e  o v e r a l l  e f f i c i e n c y  under depressed c o l l e c t o r  opemt ion .  

Measurements necessary f o r  a d e t a i l e d  understanding of the fa .c tors  

l i m i t i n g  the rf e f f i c i e n c y  and t h e  r a d i a t i o n  cool ing  e f f i c i e n c y  were 

a l s o  performed. These t e s t s  were performed w i t h  the v o l t a g e  of  l e n s  

No. 4 ( l a . s t  l e n s )  ad jus t ed  f i rs t  for optimum bea.m tra.nsmission t o  t h e  

c o l l e c t o r  and l a t e r  f o r  optimum output  power. No measurement was 

done o f  t h e  gain-bandwidth response of  t h e  tube .  However, the rf 

e f f i c i e n c y  wa.s measured a s  a f’unction of  t h e  load  conductance of t h e  

output  resona.tor.  This result  can be  used i n  t h e  p r e d i c t i o n  of 

p o s s i b l e  t r a d e - o f f s  between output  ca.vity ba.ndwidth a.nd rf e f f i c i e n c y .  

A f i x e d  frequency- tun ing  p a t t e r n  of the four-buncher r e sona to r s  

w i t h  r e s p e c t  t o  t h e  opera.ting frequency wa.s used throughout  t h e  tests.  

The f requencies  s e l e c t e d  f o r  r e s o m t o r s  No. 3 a.nd No. 4 (which have 

the main e f f e c t  on e f f i c i ency) ,  wa.s ba.sed upon a. compromise between 

p o s s i b l e  penul t imate  resonator  frequency d r i f t  a t  t h e  100 wa.tt power 

leve l  and optimum rf beam cur ren t  a. t  t h e  output  r e sona to r .  The b e s t  

cumpromise wa.s obtained wi th  r e sona to r s  No. 3 a.nd No. 4 tuned t o  tine 

same frequency of 37 MHz above t h e  ope ra t ing  frequency. The optimum 

e f f i c i e n c y  a t  a n  ope ra t ing  vo l t age  of 3 kv was obtained w i t h  30 M H z  

detuning.  Th i s  i s  i n  good agreement wi th  t h e  optimum detuning  of 26 

MHz p r e d i c t e d  by t h e  l a r g e - s i g n a l  ana lyses  a t  t h e  s t a r t  of t h i s  

development program. - 17 - 



2. Ana.lvses of T e s t  Da.ta. 

The measured conversion e f f i c i e n c i e s  and beam t ransmiss ions  a r e  

shown a s  a func t ion  of the norma.lized load conductance G / G  

beam vo l t ages  of 3 kv  and 2 k v  i n  F igures  2 and 3, r e s p e c t i v e l y .  

f o r  L 0’ 

The t h e o r e t i c a , U y  predic ted  e f f i c i e n c i e s  a . t  t h e  two opera. t ing 

vo l t ages  a r e  included for comparison. 

(Rsh/Q) = 230 ohms f o r  t h e  output  r e sona to r  was used i n  t h e  c a l c u l a t i o n  

of t h e  t h e o r e t i c a l  curves.  

-3 db bandwidths of  20 M H z  and 30 MHz for a 1.2:l load v a r i a t i o n  i n  

the output  cavi ty ,  correspond t o  loaded Q- fac to r s  of % = 96 and 

An i n t e r a c t i o n  impedance 

The loading  r equ i r ed  t o  o b t a i n  minimum 

= 64, r e spec t ive ly .  These p o i n t s  a r e  noted on the absc i s sa  i n  

F igures  2 t o  5 .  

It i s  seen  from Fig.  2 t h a t  t h e  p red ic t ed  e f f i c i e n c y  i s  very 

c l o s e  t o  the  observed e f f i c i e n c y  f o r  heavy 1oa.ding of  t h e  output  

r e s o n a t o r  when t h e  v o l t a g e  of t h e  l a s t  l e n s  i s  optimized f o r  outpEt 

power. The measured e f f i c i ency  becomes p rogres s ive ly  lower than  t h e  

expected va lue  f o r  l i g h t e r  loads. This  can be explained by t h e  

increased  beam i n t e r c e p t i o n  a s soc ia t ed  wi th  the increased  rf output  

ga.p vol ta .ges  f o r  t h e  l i g h t e r  1oa.ds. 

The conversion e f f i c i e n c y  f o r  % = 64 i s  approximately 30 percent .  

This would be s u f f i c i e n t  f o r  ob ta in ing  an  o v e r a l l  e f f i c i e n c y  of 45 

p e r c e n t  i f  f u l l  beam t ransmiss ion  c o i l d  be maintained under depressed 

c o l l e c t o r  ope ra t ion  ( t h e  c o l l e c t o r  can be depressed t o  about  2/3 of 

the beam volta.ge).  This, however, cannot be hoped f o r .  Adjus t ing  

t h e  l e n s  volta.ge f o r  optimum output  p a r e r  r e s u l t s  i n  a beam which i s  

very  c l o s e  t o  t h e  d r i f t - t u b e  w a l l s .  This  i n h e r e n t l y  results i n  beam 

i n t e r c e p t i o n .  The adjustment f o r  optimum output  power i s  a c t u a l l y  a 

- 18 - 
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compromise between beam coupling t o  t h e  r e sona to r  ( r e q u i r i n g  a l a r g e  

beam diameter)  and beam i n t e r c e p t i o n .  

can t h e r e f o r e  only be obtained w i t h  some compromise i n  t h e  conversion 

e f f i c i e n c y  . 

An optimum beam t r ansmiss ion  

The measured output  power f o r  = 64 i s  108 wa t t s .  Since t h e  &r, 
i n p u t  d e  power i s  cons tan t ,  t h e  output  power f o r  t h e  o the r  loads  

v a r i e s  accord ing  t o  t h e  conversion e f f i c i e n c y .  

i n c r e a s e  i n  conversion e f f i c i e n c y  can be obtained w i t h  some s a c r i f i c e  

i n  bandwidth ( l i g h t e r  l oad ) ,  

It i s  seen t h a t  a n  

The measured beam t ransmiss ion  i s  100 pe rcen t  under dc  opera t ion .  

Beam i n t e r c e p t i o n  i s  induced under rf opera t ion ,  being p a r t l y  produced 

by t h e  r a d i a l  modulation of  the beam i n  t h e  l a s t  buncher r e sona to r  

and p a r t l y  produced by the r a d i a l  rf f i e lds  i n  t h e  output  resonator .  

The r e l a t i v e  c o n t r i b u t i o n  of the two f a c t o r s  i s  eva lua ted  by comparing 

t h e  beam i n t e r c e p t i o n  when the output  r e s o n a t o r  i s  h e a v i l y  overloaded 

(small rf f ie lds  i n  the output )  w i t h  t h a t  when it i s  normally loaded. 

A s  shown i n  Fig.  2, f o r  a beam v o l t a g e  of 3 kv and a heav i ly  

overloaded resonator ,  t h e  beam t ransmiss ion  under rf condi t ions  i s  

86 pe rcen t  when t h e  l a s t  lens i s  ad jus t ed  f o r  optimum output  power; 

and, approximately 90 percent  when the las t  l e n s  vo l t age  i s  ad jus t ed  

for optimum transmission.  For a loaded Q- fac to r  

resonator ,  the t ransmiss ion  drops  t o  74 and 87 percent for the two 

aforementioned opera t ing  condi t ions  of  t h e  l e n s .  Thermal measurements 

of t h e  c o l l e c t o r  h e a t  show t h a t  when t h e  c o l l e c t o r  i s  no t  depressed,  

t h e  dominant i n t e rcep ted  e l e c t r o n s  a r e  primary e l e c t r o n s  having  a n  

average energy r e s u l t i n g  from t h e  dc  energy minus t h e  rf e x t r a c t e d  

energy. The beam i n t e r c e p t i o n  w i l l ,  t he re fo re ,  degrade the o v e r a l l  

r a d i a t i o n  cool ing  e f f i c i ency  and should be minimized. 

- 21 - 
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For a beam volta.ge of 2 kv (Fig.  3) t h e  measured conversion 

e f f i c i e n c y  i s  s i g n i f i c a n t l y  sma l l e r  tha.n t h e  p red ic t ed  va lue  ( f o r  

optimized buncher). This i s  p a r t l y  due t o  t h e  f a c t  tha. t  t h e  frequency 

of t h e  penul t imate  resonators  a r e  no t  optimized f o r  t h i s  power level. 

The mea.sured conversion e f f i c i e n c y  f o r  % = 64 (30 M H z ,  -3 db  ba.nd- 

width opera.t ion) w i th  t h e  l a s t  l e n s  optimized f o r  ou tput  p a r e r  i s  

17 percen t  and corresponds t o  a n  ou tpu t  p a r e r  of 23.7 wa.tts. When 

optimized f o r  beam t ransmiss ion ,  t h e  e f f i c i e n c y  a.nd power output  a r e  

13 pe rcen t  a.nd 17.9 wa.tts, r e s p e c t i v e l y .  

A s  shown i n  Fig.  2, t h e  measured conversion e f f i c i e n c y  when t h e  

l a . s t  focus ing  l e n s  i s  a.djusted f o r  optimum beam t ransmiss ion  i s  

s i g n i f i c a n t l y  smal le r  t han  the  conversion e f f i c i e n c y  obtained when 

t h e  l e n s  vo l t age  i s  ad jus t ed  for optimum output  parer. I n  order  t o  

achieve  t h e  h i g h e s t  poss ib l e  combination of  beam t r ansmiss ion  and 

conversion e f f i c i e n c y  i n  f u t u r e  tube  des ign ,  it i s  necessary t o  

understa.nd i n  d e t a i l  t h e  e f f i c i ency- reduc ing  mechanism involved.  

There a r e  s e v e r a l  f a c t o r s  which may c o n t r i b u t e  t o  t h e  observed 

behavior .  For one, t h e  average beam diameter  i n  t h e  ou tpu t  c a v i t y  

i s  most l i k e l y  l a r g e r  when t h e  l a s t  l e n s  volta.ge i s  a.djusted for 

maximum ou tpu t  power tha.n when it i s  ad jus t ed  for optimum beam 

t ransmiss ion .  This  l a r g e r  diameter  beam y i e l d s  maximum coupl ing t o  

t h e  rf f i e l d  of t h e  i n t e r a c t i o n  gaps. Consequently, both t h e  induced 

c u r r e n t s  i n  t h e  r e sona to r  ga.ps and t h e  output  power w i l l  be l a r g e s t  

i n  t h i s  ca.se. 

Another, more specu la t ive  mechanism which might p l ay  a n  

important  r o l e ,  i s  ou t l ined  below. The computer ana lyses  of a 

s imulated rf modulated beam be ing  focused, showed t h a t  a l a r g e  

- 22 - 
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chromatic lens  a b e r r a t i o n  i s  in t roduced  when t h e  p o t e n t i a l  dep res s ion  

i n  the l e n s  reg ion  i s  l a r g e .  The lowest  v e l o c i t y  e l e c t r o n s  a r e  given 

a l a r g e  d e f l e c t i o n  and may b e  i n t e r c e p t e d  i n  t h e  beam en t r ance  p o r t i o n  

of  t h e  r e s o n a t o r  f o r  l o w  l e n s  vo l t ages .  

ad jus t ed  f o r  optimum output  p a r e r ,  t h e  beam i n t e r c e p t i o n  i s  pre-  

dominantly i n  t h e  e x i t  reg ion  of t h e  resonator .  The i n t e r c e p t e d  

c u r r e n t  i s  composed of both o r i g i n a l l y  high- and low-veloci ty  e l e c t r o n s .  

A s  t h e  l e n s  vo l t age  i s  decreased, t h e  i n t e r c e p t i o n  r eg ion  of the low- 

v e l o c i t y  e l e c t r o n s  a r e  gradual ly  s h i f t e d  toward t h e  en t rance  of t h e  

resonator ,  whi le  t h e  t ransmiss ion  of t h e  o r i g i n a l l y  h ighe r -ve loc i ty  

e l e c t r o n s  a r e  improved. The o v e r a l l  beam t ransmiss ion  i s  inc reased ,  

bu t  t h e  rf beam cur ren t  and o, i tput  power a r e  reduced. The r educ t ion  

of  t h e  output  p a r e r  t ends  t o  preserve  t h e  beam t ransmiss ion  by v i r t u e  

of  t h e  reduced r a d i a l  r f -veloci ty-modulat ion.  

When t h e  l e n s  vo l t age  i s  

It i s  expected t h a t  a deeper  i n s i g h t  i n t o  t h e  problem w i l l  be 

gained through t e s t i n g  of the  e l e c t r o n  beam under rf condi t ions  i n  

t h e  e l e c t r o n  beam analyzer,, If t h e  predominant cause of t h e  r educ t ion  

i n  conversion e f f i c i e n c y  f o r  optimum beam t ransmiss ion  i s  t h e  decreased 

rf coupl ing c o e f f i c i e n t ,  the  e f f i c i e n c y  may be p a r t l y  r e s t o r e d  by 

reducing t h e  beam tunne l  diameter.  

The measured e f f i c i e n c y  and beam t ransmiss ion  under t h e  depressed 

c o l l e c t o r  ope ra t ion  is  shown as a f 'unction of  t h e  normalized load 

conductance G / G  

Fig.  3 ,  r e s p e c t i v e l y .  To determine t h e  p r a c t i c a l  limit f o r  c o l l e c t o r  

depress ion ,  t h e  c o l l e c t o r  p o t e n t i a l  was reduced t o  the lowest va lue  

before  t r a c e s  of regenera t ion  e f f e c t s  could be observed, and then  

backed o f f  t o  a l low a margin of s a f e t y .  The percentage depress ion  of  

f o r  3 kv and 2 kv beam vo l t ages  i n  Fig.  4 and L O  

- 23 - 
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t h e  c o l l e c t o r  vo l t ages  below t h e  beam vo l t age  a r e  ind ica t ed  i n  the 

f i g u r e s .  

because i t s  des ign  i s  s t i l l  experimental .  

The h e a t e r  p a r e r  i s  not  included i n  t h e  e f f i c i e n c y  va lues  

A t  a beam vo l t age  of  3kv ,  and wi th  t h e  load ad jus t ed  for 30 MHz 

bandwidth, ( \  = 64) t h e  depressed c o l l e c t o r  e f f i c i e n c y  i s  38 pe rcen t  

when t h e  l a s t  l e n s  vo l t age  is  optimized f o r  ou tput  power; and 32 

pe rcen t  when t h e  l e n s  vol tage  i s  optimized for beam t ransmiss ion  

(F ig .  4 ) .  

33 percent ,  r e spec t ive ly .  

The corresponding va lues  f o r  a 20 MHz bandwidth i s  41 and 

The beam t ransmiss ion  i s  lower when ope ra t ing  wi th  t h e  c o l l e c t o r  

depressed.  The a d d i t i o n a l  body c u r r e n t  has  been i d e n t i f i e d  a s  

c o n s i s t i n g  mainly of low-velocity secondary e l e c t r o n s  r e l eased  from 

the c o l l e c t o r .  Because of  t he  increased  beam diameter  and output  

c a v i t y  tunne l  d iameter  used i n  t h i s  tube,  t h e  beam i s  undoubtedly 

c o l l i d i n g  w i t h  t h e  c o l l e c t o r  near  t h e  opening, and gene ra t ing  

secondary e l e c t r o n s .  

t h e  suppressor  l e n s  des ign  was no longe r  optimized f o r  suppress ing  

secondary e l e c t r o n s .  It i s  expected t h a t  improvement of  t h e  c o l l e c t o r  

and suppressor  l e n s  des ign  w i l l  e l imina te  t h e  secondary e l e c t r o n  

problem. 

I n  add i t ion ,  because of t h e  l a r g e r  beam diameter ,  

For 2 kv beam v o l t a g e  and &r, = 64, (F ig .  5 )  t h e  depressed  

c o l l e c t o r  e f f i c i e n c y  i s  26 pe rcen t  f o r  optimized output  parer and 

24 pe rcen t  f o r  optimized t ransmiss ion .  

As i nd ica t ed  e a r l i e r  i n  this  sec t ion ,  t r a d e - o f f s  can be made 

between o v e r a l l  e f f i c i ency ,  beam t ransmiss ion  and r a d i a t i o n  cool ing  

e f f i c i e n c y .  The dominant design parameter a f f e c t i n g  t h e  u l t i m a t e  

compromise des ign  i s  t h e  f o c a l  l e n g t h  of t h e  l a s t  focus ing  l e n s  

- 26 - 



( l e n s  No. 4 ) .  

exper imenta l ly  optimized by changing i t s  vo l t age .  

v o l t a g e  may be subsequent ly  t r a n s l a t e d  i n t o  an  equ iva len t  change i n  

l e n s  geometry. 

The f o c a l  l e n g t h  of t h i s  l e n s  can be v a r i e d  and thus  

This change i n  l e n s  

I n  order  t o  g e t  a mapping of  t h e  p o s s i b l e  t r a d e - o f f s ,  t h e  

o v e r a l l  e f f i c i ency ,  t h e  beam t r ansmiss ion  and the c o l l e c t o r  thermal  

power d i s s i p a t i o n  were measured a s  a func t ion  of t h e  l a s t  l e n s  vo l t age  

( l e n s  No. 4 ) .  

tube .  

rf e f f i c i e n c y ,  t h e  c o l l e c t o r  c u r r e n t  I 

and the thermal  power of t he  c o l l e c t o r  W c  t o  t o t a l  thermal  power i n  

This  was done for s e v e r a l  ope ra t ing  condi t ions  of the 

The most p e r t i n e n t  r e s u l t s  a r e  shown i n  F igs .  5 and 6. The 

t o  cathode c u r r e n t  Io r a t i o ,  
C 

t h e  t u b e  W r a t i o  a r e  p l o t t e d  a s  a func t ion  of t h e  l e n s  No. 4 v o l t a g e  

VL4. 

i n t o  t h e  tube  (power supply power) minus t h e  rf output  pa re r .  

percentage of t h e  h e a t  which can be expected t o  be disposed of by 

r a d i a t i o n  from t h e  c o l l e c t o r  i s  found by mul t ip ly ing  Wc/WT by t h e  

r a d i a t i o n  cool ing  e f f i c i e n c y  of t he  c o l l e c t o r  which i s  approximately 

0.8. 

T 

The t o t a l  thermal  pa re r  W i s  de f ined  a s  t h e  dc i n p u t  p a r e r  T 

The 

A beam vo l t age  of  3 kv was used f o r  t h e s e  tests. The loaded 

&- fac to r  of  the output  r e sona to r  i s  Q,,., = 96 i n  Fig.  6 and \ = 64 

i n  Fig.  7. The tube  was operated both w i t h  optimum c o l l e c t o r  

depression,Figs .  6b and 7b and w i t h  no c o l l e c t o r  depression,  F igs .  

6a and "a. The ind ica t ed  rf e f f i c i e n c i e s  (excluding h e a t e r  power) 

a r e  t h e  o v e r a l l  e f f i c i e n c y  f o r  depressed c o l l e c t o r  ope ra t ion  and t h e  

conversion e f f i c i e n c y  for no c o l l e c t o r  depress ion .  It i s  seen  from 

F igs .  6 and 7 t h a t  t h e  rf e f f i c i e n c y  i s  a r e l a t i v e l y  slowly vary ing  

f u n c t i o n  of t h e  l e n s  vol tage  around t h e  optimum e f f i c i e n c y  po in t .  

- 27 - 
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The p o i n t  of optimum o v e r a l l  e f f i c i e n c y  under depressed c o l l e c t o r  

ope ra t ion  i s  s l i g h t l y  d isp laced  toward t h e  h ighe r  l e n s  vo l t ages  

compared t o  the vo l t age  f o r  optimum conversion e f f i c i e n c y .  The 

rea.son f o r  th is  i s  t h e  improved beam t ransmiss ion  r e s u l t i n g  from 

t h e  h ighe r  l ens  vol tages .  

seems t o  be independent of  t he  load ing  of  t h e  output  resonator .  

The optimum l e n s  volta.ge f o r  rf e f f i c i e n c y  

A s i g n i f i c a n t  improvement i n  I /I and W /W can be  obtained 
c o  c T  

w i t h  a r e l a t i v e l y  small s a c r i f i c e  of the rf e f f i c i e n c y .  

o f  W /W 

d e s i r e d  va lue  of 75 percen t  needed f o r  60 pe rcen t  c o l l e c t o r  r a d i a t i o n  

cool ing  e f f i c i e n c y .  can be achieved 

( a s  w e l l  a s  i n  t h e  o v e r a l l  rf e f f i c i e n c y )  by e l i m i n a t i o n  of t h e  

The va lue  

under depressed c o l l e c t o r  ope ra t ion  i s  sma l l e r  tham t h e  c T  

However, an  improvement i n  W /W c T  

p rev ious ly  descr ibed  problem w i t h  the r e l e a s e  of seconda.ry e l e c t r o n s  

from t h e  c o l l e c t o r .  
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111. BEAM ANALYZER EXPERIMENT 

The purpose of t h i s  phase of t h e  program i s  t o  i n v e s t i g a t e  t h e  

beam wi th  a p i n  h o l e  t a r g e t  a t  the  en t r ance  t o  t h e  output  c a v i t y .  

beam analyzer  i t s e l f  i s  a l a r g e ,  v e r t i c a l ,  c y l i n d r i c a l  vacuum chamber 

connected t o  t h r e e  vac- ion pumps. 

gun end up. The tube  going i n t o  t h e  chamber w i l l  c o n s i s t  o f  only t h e  

gun and buncher c a v i t i e s .  The output cav i ty ,  c o l l e c t o r  and appendage 

pump a r e  removed from t h e  k l y s t r o n ,  A s p e c i a l l y  designed end p l a t e  w i th  

t h e  same conf igu ra t ion  a s  t h e  upstream w a l l  of t h e  output  c a v i t y  i s  used 

t o  r e p l a c e  t h e  output  cav i ty .  This serves t o  p re se rve  t h e  l e n s  configura-  

t i o n  of l e n s  No. 4. The k l y s t r o n  w i l l  be t e s t e d  i n  t h e  beam ana lyze r  w i th  

dc on t h e  l e n s e s  and wi th  t h e  cathode pulsed. A s  it w i l l  be p o s s i b l e  t o  

apply  rf i npu t  power t o  t h i s  tube,  t h e  beam c h a r a c t e r i s t i c s  w i l l  be t e s t e d  

w i t h  and wi thout  rf modulation. The p i n  h o l e  t a r g e t  used t o  scan  t h e  beam 

i s  a l s o  mounted v e r t i c a l l y .  By means of e lec t ro-mechanica l  l i nkages ,  t h e  

t a r g e t  has  freedom of movement v e r t i c a l l y  ( z - a x i s )  a s  w e l l  a s  h o r i z o n t a l l y  

(x-y a x i s ) .  

p o s s i b l e  t o  o b t a i n  a beam p r o f i l e  scan  a long  a n y  given t r a n s v e r s e  plane.  

I n  t h i s  manner, it w i l l  be poss ib l e  t o  recognize  beam i n s t a b i l i t y  and 

breakup a s  a f u n c t i o n  of rf d r ive .  

The 

The k l y s t r o n  i s  mounted v e r t i c a l l y ,  

BY means of an  automatic  scanning-recording system, it i s  

The tube  i s  be ing  prepared for t h e  beam ana lyze r  a t  t h e  t i m e  t h i s  

r e p o r t  i s  be ing  w r i t t e n .  
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