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ABSTRACT 

The objective of t h i s  program is t o  develop a microwave o s c i l l a t o r  

capable of producing 200 kW of CW output power a t  60 GHz. The use of 

cyclotron resonance interacton Is being pursoed. 

The design and e a r l y  procurement and construct ion phases of t h i s  

program are discussed. 
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I. INTRODUCTION 

The c u r r e n t  o b j e c t i v e  of t h i s  program is t o  develop a microwave 

osc i l la tor  c a p a b l e  of' producing 200 kW of CW o u t p u t  power at 60 GHz. 

T u n a b i l i t y  o r  bandwidth is not cons idered  a n  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  t he  output  waveguide is not a 

requirement  for the  d e v i c e ,  b u t  t h e  c i r c u l a r  e lec t r ic  mode is c o n s i d e r e d  

desirable because  of  its low losa p r o p e r t  ies. 

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

i n t e r a c t i o n  between an  e l e c t r o n  beam and microwave f ie lds  is b e i n g  pursued. 

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

r e p o r t  of a preceding  s t u d y  program. The d e v i c e  c o n f i g u r a t i o n s  of 

p a r t i c u l a r  i n t e r e s t ,  called g y r o t r o n s ,  have been discussed i n  r e c e n t  

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

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

The optimum beam for the  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  have most of  t h e i r  energy i n  v e l o c i t i e s  p e r p e n d i c u l a r  t o  

t h e  a x i a l  magnet ic  f i e l d .  Another requirement  is t ha t  the spread  i n  t h e  

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

Electrons which have d i f f e r e n t  a x i a l  v e l o c i t  Les w i l l  n o t  i n t e r a c t  

ef f i c i e n t  l y  . 
The approach chosen t o  g e n e r a t e  t h e  beam Is a magnetron t y p e  of gun as 

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

L a b o r a t ~ r y . ~ "  With t h i s  t y p e  of gun the shaping  of the  magnetic f i e l d  i n  

t he  gun r e g i o n  becomes q u i t e  Important .  

C o n s t r u c t i o n  of t h e  first exper imenta l  60 GHz g y r o t r o n  has been 

started.  E l e c t r o n  gun p a r t s  are on order. A purchase order has been p laced  

with Magnetic Corpora t ion  of America f o r  t h e  superconduct ing  s o l e n o i d  

magnet. Assembly of the  anode and o s c l l l a t o r  c a v i t y  assembly has also been 
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s t a r t ed .  A cold t e s t  model of the CW col lec tor  has been constructed and 

most of the cold t e s t  equipment has been received, as well as the microwave 

window par t s .  A t  present,  the l imit ing item appears t o  be modification of 

the t e s t  s e t .  
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11. ELECTRON BEAM 

A computer simulation of the electron beam was done for the pulsed tube 

co l lec tor  design. 

Twenty-four t r a j e c t o r i e s  were calculated s t a r t i n g  from t h e  interact  ion 

c i r c u i t  w i t h  eight e lectrons arranged about each of three orb it centers.  

Because of program s i ze  l imi ta t  ions,  four a x i a l  co l lec tor  segments were 

required in the calculat ion t o  reach the area where intercept ion occurs. 

The calculat ions were made using the fringing f i e ld  of the 

soperconducting magnet system w i t h  no addi t lonal  c o i l s  i n  the co l lec tor  

region for f i e ld  shaping. 

Figure 1 shows the p lo ts  of the  t r a j e c t o r i e s  i n  the region 20.5 t o  50.0 

inches from the center of t he  interact ion c i r c u i t .  The f i r s t  t r a j ec to ry  

intercepted approximately 10 inches beyond the lower co l lec tor  seal .  The 

beam loading is spread over an ax ia l  length of approximately 2 feet .  

An estimate of the  peak power d e n s i t y  on the co l lec tor  walls w i l l  

require more detai led t r a j ec to ry  simulat ion r u n s .  

3 
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111. THE ELECTRON GUN 

The procurement c y c l e  for the e l e c t r o n  gun is i n  p rocess .  A l l  t h e  

p a r t s  were ordered p r i o r  t o  the  end of t h e  q u a r t e r  with t h e  m a j o r i t y  having  

a confirmed d e l i v e r y  date of no l a t e r  t h a n  J u l y  31. The d e l i v e r y  date on 

s e v e r a l  c r i t i c a l  p a r t s ,  i n c l u d i n g  t h e  ceramic heater r e t a i n e r  r i n g s  had not  

been conf i rmed;  however, c o n f i r m a t i o n  dates were b e l n g  exped i t ed  by Var ian ' s  

Product  Lon Con t ro l  Group. 

Too l ing  for  drawn p a r t s  (e.g., heat s h i e l d s  and seal r i n g s )  and 

f i x t u r e s  for j i g g i n g  d u r i n g  gun c o n s t r u c t  ion  were des igned  and ordered 

d u r i n g  the  a u a r t e r .  Because of the  e x c e p t i o n a l l y  long  d e l i v e r y  d a t e s  quoted 

by o u t s i d e  vendors ,  t h e  order for t h e  t o o l i n g  items was submi t t ed  t o  

Var l an ' s  in-house e n g i n e e r i n g  machine shop. Under a high p r i o r i t y  

p roduc t ion  schedu le ,  t h e  t o o l i n g  and f i x t u r e s  w i l l  now meet t h e  d e l i v e r y  

da te  of J u l y  31. 
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I V .  SUPERCONDUCTING SOLENOID MAGNET 

Both on-axis  and off-axis a x i a l  and r a d i a l  components o f  f l u x  d e n s i t y  

were computed i n  a d d i t i o n  t o  t h e  v e c t o r  p o t e n t i a l  u s ing  t h e  Var ian  

m a g n e t o s t a t i c  program which computes the normal t zed  f l u x  a r r a y  f o r  an  

i r o n - f r e e  magnet system i n  a form su i tab le  for use  i n  t h e  Varian gun 

program. 

The diameter of the  bucking  c o i l  was inc reased  t o  ach ieve  be t te r  

v o l t a g e  hold  off character is t ics .  

The des ign  of t h e  soperconduct ing  so leno id  magnet c o n s i s t s  of a s p l i t  

p a i r  of co i l s  fo r  t h e  main magnet ic  f i e l d  and a bucking  c o i l  i n  t h e  gun 

r e g i o n  for shap ing  t h e  magnet ic  f i e l d  i n  t h e  v i c i n i t y  of t h e  magnetron 

i n j e c t i o n  gun. Two p a i r s  of t r a n s v e r s e  trim coils are a v a i l a b l e  f o r  beam 

s t e e r i n g .  The maln c o i l s  and bucking c o i l  w i l l  be wound on the  same bobbin 

t o  ensu re  c o n c e n t r i c i t y .  The t r a n s v e r s e  co i l s  w i l l  be o u t s i d e  the main 

c o i l s .  The e n t i r e  c o i l  assembly o p e r a t e s  i n  a L i q u i d  hel ium ba th .  The 

l i q a i d  hel ium v e s s e l  i s  surrounded by vacuum, a l i q u i d  n i t r o g e n  t empera tu re  

heat s h i e l d ,  vacuum and t h e  room tempera tu re  s h e l l .  

The room t empera tu re  s h e l l  has a f l a n g e  which mounts on an e x i s t i n g  

f l a n g e  i n  t h e  test set o i l  t ank .  The  superconduct ing  s o l e n o i d  magnet will 

have a v e r t i c a l  bore .  A socket t o  accep t  t h e  t u b e  gun w i l l  be a t t a c h e d  t o  

t h e  bot tom of t h e  dewar. Leads and s e r v i c e  ports  e x i t  t h e  room tempera tu re  

s h e l l  a t  a 45' a n g l e  on the o u t s i d e  diameter t o  l e a v e  t h e  t o p  s u r f a c e  of t h e  

dewar c lear  f o r  p o s s i b l e  room tempera tu re  c o l l e c t o r  co i l s  and t h e i r  

suppor t  ing s t r u c t u r e  

The thermal des ign  w i l l  allow a day ' s  o p e r a t i o n  a f t e r  topp ing  t h e  

l i q u i d  hel ium and l i q u i d  n i t r o g e n  l eve ls .  A f t e r  be ing  shu t  off f o r  as long 

as a weekend, t he  l i q u i d  r e s e r v o i r s  will merely  have t o  be f i l l e d ,  not  

having  warmed up t o  a t e m p e r a t u r e  r e q u i r i n g  c o o l i n g .  

A d e s i g n  rev iew w i l l  be he ld  a t  Magnetic Corpora t ion  of America on 

J u l y  18, 1980. Del ive ry  o f  t h e  f i r s t  u n l t  is expec ted  i n  November 1980. 

6 



The o u t l i n e  drawing of the c o i l  and dewar assembly is shown in 

Figure 2, 
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V. INTERACTION CIRCUIT 

A n a l y t i c a l  work on the  i n t e r a c t i o n  c i r c u i t  Is c o n t i n u i n g .  We have 

chosen a c a v i t y  geometry which is s u f f i c i e n t l y  a r b i t r a r y  t h a t  any reasonable  

comb i n a t  ion of e x t e r n a l  Q ,  resonant  f requency ,  and a x i a l  electric f i e l d  

p r o f i l e  may be o b t a i n e d  by v a r y i n g  t h e  geometr ic  parameters .  The mathe- 

mat ical  s o l u t i o n  far  t h e  vacuum e l e c t r o m a g n e t i c  f i e l d s  i n  t h e  c a v i t y  

geometry is o b t a i n e d  i n  t h e  fo l lowing  manner. 

An " i n i t i a l  value" s o l u t i o n  for the  vacuum f i e l d s ,  E and B,  is d e r i v e d  

for  modes TEmnl from a Debye p o t e n t i a l  af a form such t h a t  

+ 
where Sz is t h e  u n i t  v e c t o r  in t h e  d i r e c t i o n  of propagation ( a l o n g  t h e  z 

a x i s ) ,  c is the  speed of light, and 7~ is t h e  Debye p o t e n t i a l  which s a t i s f i e s  

t h e  wave e q u a t i o n ,  

am = 0. 

The boundary c o n d i t i o n s  on t h e  components of t h e  e l e c t r o m a g n e t i c  f i e l d s  are: 

-P 
( A )  6 * eZ = 0 at  conduct ing  b o u n d a r i e s ,  

while t he  I n t e g r a t e d  Poynt ing  f l u x  is also matched a t  b o u n d a r i e s  1 G z :  

(D) t h e  r a d i a t i v e  boundary c o n d i t i o n  is a p p l i e d  f o r  z + + OD. 

9 



Our i n t e r a c t i o n  c i r c u i t  computer code, which is set i n  t h i s  a n a l y t i c a l  

framework, can now p r e d i c t  t h e  c a v i t y  e lec t r ic  f i e l d  p r o f i l e  f o r  c i r c u l a r  

e l e c t r i c  c a v i t y  modes. F i g u r e  3 shows a p l o t  of t h e  c a l c u l a t e d  e lec t r ic  

f i e l d  p r o f i l e  at  t h e  first radial  maximum of t h e  e lec t r ic  f i e l d  v e r s u s  a x i a l  

p o s i t  i o n  for t h e  TEO2, c a v i t y  mode. 

been encountered  i n  ex tend ing  t h i s  work t o  n o n c i r c u l a r  e lec t r ic  c a v l t y  

modes. Work on improving t h e  computer code t o  overcome these problems is  

con t inu ing .  Cold t e s t i n g  of t he  i n t e r a c t i o n  c i r cu i t  des igns  is c o n t i n u i n g  

wi th  borrowed equipment 

Some computat i o n a l  d i f f i c u l t  ies have 

We have modified a p rev ious  c a l c u l a t i o n  (see r e f e r e n c e  1 ,  s e c t i o n  

6 .2)  of ohmic losses i n  t h e  g y r o t r o n  r e s o n a t o r  c a v i t y  t o  e x p l i c i t l y  show t h e  

dependence o f  c a v i t y  power d i s s i p a t i o n  i n  the e x t e r n a l  c a v i t y  Q.  We have 

made s e v e r a l  s imp1 i f y i n g  assumpt ions  g e n e r a l l y  v a l i d  i n  gy ro t ron  

eng inee r ing :  

( a >  t h e  e x t e r n a l  c a v i t y  Q ,  QEXT, is independent  o f  t h e  ohmic losses i n  

the c a v i t y  and is t h e r e f o r e  equa l  t o  t h e  loaded Q of t h e  c a v i t y ,  

Q, ; 

(b) t h e  e lec t r ic  f i e l d  p r o f i l e  i n  t he  c a v i t y  has an a x i a l  dependence 

of - s i n  nz/L where z is t h e  a x i a l  p o s i t i o n  and L is  t he  c a v i t y  

l e n g t h  ; 

( c )  t he  c a v i t y  l e n g t h  is large compared t o  its r a d i u s ,  a. 

With these approximat ions  we f i n d  the  r e s u l t  fo r  t h e  average  power 

d i s s i p a t i o n  i n  watts/cm2 i n  t h e  c a v i t y  walls f o r  a TEOnl c a v i t y :  

L 

w i t h  QEXT QL'  (%) << 1, 

10 



GYROTRON OUTPUT CAVITY 

AZIMUTHAL FIELD 

-5 -4 -3 -2 -1 0 1 2 
Zla 

FIGURE 3. AZIMUTHAL ELECTRIC FIELD SQUARED FOR THE T E Q ~ ~  OSCILLATOR 
CAVITY IN ARBITRARY UNITS vs NORMALIZED AXIAL POSITION, Z/a, AT 
THE FIXED RADIUS CORRESPONDING TO THE FIRST RADIAL MAXIMUM 
OF THE ELECTRIC FIELD 
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where Po is the  c a v i t y  output  power in watts, f I s  the  c a v i t y  resonant  

f requency i n  h e r t z ,  c is t h e  speed of l i g h t  i n  cm/sec, L is t h e  c a v i t y  

l e n g t h  i n  u n i t s  of X = c/f ,  xln is t h e  nth p o s i t i v e  r o o t  of t h e  e q u a t i o n  

J , ( x )  = 0, and a is t h e  rf c o n d u c t i v i t y  of t h e  c a v i t y  walls i n  cgs u n i t s .  

For  a copper  c a v i t y  we f i n d :  

P (kW) E (GHz)*/~ 
dP 2 QEXT o - (kW/cm dA 2 = 4.87 x lo-* ( l b )  

Equat ions  la and lb e x p l i c i t l y  i n c l u d e  t h e  dependence of d i s s i p a t i o n  on QEXT 

and Po. The s t r o n g  frequency dependence of t h e  d i s s i p a t i o n  - f5’2 is 

c l e a r l y  e v i d e n t  as is t h e  advantage of u s i n g  h igher  o r d e r  TEon c a v i t y  modes. 

Far t h e  60 G H z ,  200 kW, TEQ2 c a v i t y  mode o s c i l l a t o r ,  Equat ion lb g i v e s  

dP/dA = 440 wattdcin , when we u s e  L/A = 5 and QEXT = 400. 2 

Most of t h e  p a r t s  r e q u i r e d  FOP the i n t e r a c t i o n  c i rcui t  s e c t i o n  of t h e  

t u b e  have been r e c e i v e d .  Test b r a z i n g  assemblies have been designed f o r  

i n v e s t i g a t i n g  b r a z i n g  t e c h n i q u e s  and e n s u r i n g  tha t  t h e  b r a z i n g  j i g s  have 

been p r o p e r l y  designed.  T r i a l  f a b r i c a t i o n  of t h e  ceramic assembltes i n  t h e  

anode and t h e  load  c a v i t y  had a l r e a d y  begun at  t h e  end of t h e  q u a r t e r .  



V I .  OUTPUT/COLLECTOR 

ff 
U t a R e  T r  -Wa ve Rat i o  Meas- 

A t e c h n i q u e  f o r  measuring the  mode c o n t e n t  of t h e  poi s r  fl i n  a 

multimode t r a n s m i s s i o n  l i n e  has been developed. I n  t h i s  s e c t i o n  we s k e t c h  

t h e  a n a l y s i s  behind t h e  measurement technique '  and p o i n t  o u t  some a d d i t i o n a l  

e x p e r i m e n t a l  c o n s i d e r a t i o n s .  

A.  

The r a t i o  of t he  maximum and minimum v a l u e s  of t h e  b e a t i n g  wave 

e lec t r ic  f i e l d s  of any two modes propagat ing  i n  a multimode guide  may, by 

ana logy  t o  t h e  well es tab l i shed  v e r n a c u l a r  of the  s i n g l e  mode waveguide, be  

denoted the v o l t a g e  t r a v e l i n g  wave r a t i o  (VTWR) for t h e  two modes i n  

q u e s t i o n .  I n  g e n e r a l ,  t h e  VTWR's will be a f u n c t i o n  o f  p o s i t i o n  i n  t h e  

p lane  normal t o  t h e  d i r e c t i o n  of propagatLon In t h e  g u i d e .  

t h e  VTWR's can be e a s i l y  related t o  t h e  fractions o f  t o t a l  power propagat ing  

i n  each waveguide mode. T h i s  in format ion  may be used to:  

Measurements of 

( 1 )  c h a r a c t e r i z e  t h e  o p e r a t i n g  mode output  of a h igh  power source  with 

multimode o u t p u t  such as a g y r o t  rm , 

( 2 )  a n a l y z e  the  mode convers ion  p r o p e r t i e s  of overmoded waveguide 

components , 

( 3 )  determine  t h e  optimum l o c a t i o n s  a l o n g  t h e  l i n e  for l o s s y  

o b s t r u c t  i o n s ,  

( 4 )  allow t r a n s d u c t a n c e  matching ( induced d e s t r u c t i v e  i n t e r f e r e n c e  of 
10 one or more unwanted modes) . 

OF I= COP-: T h i s  s e c t i o n  c o n t a i n s  e x c e r p t s  from a 
manuscript  which has been a c c e p t e d  for p u b l i c a t i o n  I n  t h e  IEEE T r a n s a c t i o n s  
on Microwave Theory and Techniques and is therefore s u b j e c t  to the standard 
IEEE c o p y r i g h t  agreement.  T h i s  n o t  ice is r e q u i r e d  by t-hat agreement.  
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The m t a a e  tr- wa ve r3$&2 (VTWR) is d e f i n e d  i n  t h e  fo l lowing  

manner. 

a m p l i t u d e s  An and Am t r a v e l i n g  i n  a multimode guide i n  t he  p o s i t i v e  z 

d i r e c t i o n .  

Consider  the s u p e r p o s i t i o n  of  t h e  two p l a n e  waves with complex 

The r e s u l t a n t  wave ampl i tude  may be w r i t t e n  as, 

Re <A n t m  
where 9 

and k Cases where such a 
r e s u l t a n t  wave, or beat p a t t e r n ,  t s  measured by a d e t e c t o r  sensitive t o  the 

qclant l t y  , 

are the  propagat ion  c o n s t a n t s  or wave numbers. n,m 

(3) 

are of i n t e r e s t .  The beat wave number is d e f i n e d  as knm 5 kn-k, /2. The 

beat wavelength is Anm Z 2.rr/Kn,. 

by su i tab le  choice o f  o r i g i n  i n  z .  

minLmum v a l u e s  of C(z)  

The beat phase ,  (+n-$m) , may be e l i m i n a t e d  

S o l v i n g  for t h e  r a t i o  of t he  maximum and 

w e  d e f i n e  t h e  v o l t a g e  t r a v e l i n g  wave r a t io ,  

where the  v a l u e  of t h e  VTWR can range from u n i t y  t o  i n f i n i t y .  

can be solved for t h e  r a t i o  
Thls  e q u a t i o n  

Equat ion  (5) relates a measurable q u a n t i t y ,  the  VTWR far modes n and m, t o ?  

t h e  r a t i o  of t r a v e l i n g  p lane  wave ampl i tudes .  

14 



B. 

c 

The  f r a c t i o n s  lanl of t h e  t o t a l  t r a n s m i s s i o n  l i n e  power con ta ined  i n  

each waveguide mode can be  deduced from t h e  measured bea t  wave p a t t e r n  

I C ( i , z ) 1 2 .  

propaga t ion  b u t  nay have any a r b i t r a r y  cross s e c t i o n .  

r e s u l t a n t  beat wave p a t t e r n  ar ises  from t h e  s u p e r p o s i t i o n  o f  many modes 

t r a v e l i n g  i n  t h e  p o s i t i v e  z d i r e c t i o n .  

of modes t r a v z l i n g  in  a waveguide of a r b i t r a r y  c r o s s  s e c t i o n )  has been 

ana lyzed  and t h e  exac t  t r ea tmen t  by which 1 C(l.',z,I 

t h e  c o n s t i t u e n t  normal modes of t h e  waveguide can be p r e s c r i b e d .  

The mdtirnode t r a n s m i s s i o n  line is uniform i n  t h e  d i r e c t l o n  o f  

The measured 

T h i s  g e n e r a l  case ( a r b i t r a r y  number 

may b e  decomposed i n t o  
1 1  

For the  s p e c i a l  case o f  two c i r c u l a r  e l ec t r i c  m d e s  p ropaga t ing  i n  

c y l i n d r i c a l  waveguide t h e  g e n e r a l  r e s a l t  may be s i m p l i f i e d .  Using t h e  

d e f i n i t i o n  (Eq. 41, t h e  gj.~.!& aower r a t i o  can be determined:  

where t h e  i s  d e f i n e d  acco rd ing  t o :  

When VTWR measurements are performed on systems in which t h e  

t r a n s d u c t a n c e  mismatches are not s e v e r e ,  t h e  g e n e r a l  a n a l y s i s '  ' may be 

s i m p l i f i e d .  One such s i m p l i f i c a t i o n  which is u s e f u l  i n  g y r o t r o n  

e n g i n e e r i n g  is t ha t  one need on ly  c o n s i d e r  t r a n s d u c t i o n  of a pu re  TEon mode 

i n t o  t h e  .wde bunch  (TEo n-l, TEon, TEo n + l ) .  

o f t e n  v a l i d  because  mode conve r s ion  occur s  p r e f e r e n t  i a l l y  i n t o  n e a r e s t  

ne ighbor  modes . (The excep t ion  t o  t h i s  occur s  when a resonant  s t r u c t u r e  

T h i s  approximate t r ea tmen t  is 

12 
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is encountered ,  such as a waveguide segment c l o s e  t o  a mode c u t o f f . )  

pure TEon c i r c u l a r  e lec t r ic  mode w i l l  t e n d  t o  d i f f u s e  under  an  envelope Ln 

k-apace t o  form a bunch of  modes c e n t e r e d  a t  k = kn w i t h  the  wings of t he  

k-space envelope t r a i l i n g  t o  z e r o  for other modes m f n. For  example, i n  

c y l i n d r i c a l  waveguides t h e  TEon mode bunches are c o n t a i n e d  under t h e  

envelope  : 

Thus a 

2 2 
'k 'ln 9m 

(7) 

where X l n  is the  nth p o s i t i v e  root o f  J, (X)  = 0. For n - 1, It can be s e e n  

from (7 )  that  s i n c e  Pk - m-6 t h e  mode bunch is  e f f e c t i v e l y  l i m i t e d  t o  the 

three modes m = n-1, n ,  and n+l .  

The two-mode g u i d e  f a c t o r ,  Gnm, d e f i n e d  i n  ( 6 )  has been computed for 

t h e  mode bunches p r e s e n t l y  of i n t e r e s t  i n  g y r o t r o n  research (Table I) .  The 

two mode VTWR e q u a t i o n  ( 6 )  can be used when c o n s i d e r i n g  bunches of three 

modes b y  performing t h e  VTWR measurements a t  a radial p o s i t i o n  for which one 

o f  t h e  three modes is i d e n t i c a l l y  zero. For  example, t o  f i n d  t h e  mode power 

f r a c t i o n s  for t h e  mode bunch (TEo,,  TEO2, TE 1, t he  mode power ra t los ,  03 la21y1 a,I2 a n d l a 3 1 7 /  a,I2 must be measured. [The ra t io la3 /Yla2l2  i n  t h i s  

unique example Is not  measured because t h e  TEOl has no n o n - t r i v i a l  n u l l a . ]  

T h i s  r e q u i r e s  the  computat ion of G There are o f t e n  more t h a n  one 

radlal  n u l l  t o  choose from as shown in Table I. I n  t h i s  case, t h e  v a l u e s  of 

G (X a/X2) = 1,091, G,2  (Xla/X3) = 0.7961, and G12 ( X 2  a/X3) = 1.256 are 

r e q u i r e d  

and G,2. 13 

13 1 

The VTWR measurements must be  performed o v e r  a l o n g i t u d i n a l  I n t e r v a l  

which is greater t h a n  or e q u a l  t o  one-half  of t he  largest beat wavelength,  

Xnm, of i n t e r e s t  i n  t he  system. 

wavelengths  for pairs  of c i r c u l a r  electric mode through the TEO5 f o r  t he  

s t a n d a r d  2 1/2" dlameter multimode g u i d e  a t  s e v e r a l  f r e q u e n c l e s .  Table  I11 

lists the minimum VTWR measurement i n t e r v a l s  for the first three c i r c u l a r  

electric mode bunches.  These I n t e r v a l s  are on the  order of' 10" - 20" and 

Table  I1 lists a l l  t h e  h a l f  beat 
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"TABLE' I 

GUIDE FACTOR FOR CIRCULAR ELECTRIC MODE BUNCHES 

1 I MODE BUNCHES 
I 1 TEO1, , TE02, TE02, TE03 RADIAL 

RADIAL NULL POINTS 

(da )  DIAM. GUIDE) FACTOR FACTOR 
NULL POINTS (inches, in 2.5" GUIDE GUIDE 

1.091 1 G34 I G13 1 0.5462 I 0.683 -E? 

1 GUIDE 1 
FACTOR 

0.81 00 I 1.024 

0.01832 

2.175 



TABLE II 

- ~ _ _ _  

FREQUENCY 
(GHt) 

ONE-HALF BEAT WAVELENGTHS (INCHES) 

FREQ. (GHz) 28 35 60 90 110 
FREE SPACE 

WAVELENGTH (in.) 
0.422 0.337 0.197 0.131 0.107 

I 

FREE 
SPACE 

WAVELENGTH 
(inches) 

M 

28 

35 

60 

90 

110 

TE02 

TE03 

TE04 

0.422 

0.337 

0.197 

0.131 

0.107 

10.3 
3.9 
2.0 
l " 2  
6.3 
2.5 
1.4 
4.3 
1.8 
3.0 

17.9 
6.9 
3.7 
2.3 

11.3 
4.7 
2.7 
8.1 
3.5 
6.2 

27.1 
10.5 
5.7 
3.6 

17.2 
7.2 
4.1 

12.5 
5.5 
9.7 

TABLE 111 

VNVR MEASUREMENT INTERVALS (inches) 

33.3 
12.9 
7.0 
4.4 

21.1 
8.9 
5.1 

15.4 
6.8 

12.0 

MODE BUNCH 

8.1 

10.3 

17.9 

27.1 

33.3 

4.8 

6.3 

11.3 

17.2 

21.1 

3.0 

4.3 

8.1 

12.5 

15.4 



are not t o o  large f o r  per formlng  prac t ica l  VTWR measurements. Although t h e  

p r e s e n t  t r e n d  i n  gy ro t ron  d e s i g n  is toward higher f requency  (downward i n  

Table 111) t h i s  is accompanied by a t r e n d  i n  o p e r a t i n g  mode toward h igher  

radial  mode number ( t o  the r i g h t  i n  Table  111). Thus f o r  p r e s e n t  c i r c u l a r  

e l e c t r i c  mode d e v i c e s ,  o r  t h o s e  under c o n s i d e r a t i o n ,  t h e  r e l e v a n t  VTWR 
measurement i n t e r v a l s  w i l l  remain i n  t h e  p r a c t i c a l  range  of 10" - 20". 
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V I I .  WINDOW 

The mechanical  d e s i g n  of a s i n g l e  d i s c  b e r y l l i a  window 1.5 X long  was 

completed t h i s  q u a r t e r .  

A l l  window p a r t s  have been r e c e i v e d  with t h e  e x c e p t i o n  o f  some ceramic  

backing r i n g s ,  which are due J u l y  18 and the  ou tpu t  waveguide f l a n g e ,  be ing  

due J u l y  25. Any change i n  f l a n g e  d e s i g n ,  of c o u r s e ,  w i l l  a f f e c t  t h i s  date. 

Assembly o f  the  first window is not expec ted  t o  be a g a t i n g  item. 

The computed VSWR f o r  a 1.5 t h i c k  b e r y l l i a  window is shown by  t h e  

dashed cu rve  i n  F i g u r e  4. It is recognized  t h a t  the  l i m i t e d  bandwidth o f  

t h e  window may prove t o  be a problem i n  r a i s i n g  the  Q of a d j a c e n t  t u b e  

resonances .  E f f o r t s  are be ing  made t o  broaden t h e  bandwidth of t h e  window 

u s i n g  s o p h i s t i c a t e d  t e c h n i q u e s .  The computed VSWR f o r  a s imula t ed  improved 

window is shown by t h e  s o l i d  cu rve  i n  F i g u r e  4. 

The computed VSWR f o r  an FC-75 face-cooled  alumina double  disc  window 

is shown i n  F i g u r e  5. By comparison,  the  computed VSWR f o r  an  FC-75 

face-cooled b e r y l l i a  double-disc window is  shown by t h e  dashed curve  in 

F i g u r e  6. The lower d ie lec t r ic  c o n s t a n t  of t h e  b e r y l l i a  results i n  a wider 

bandwidth compared t o  alumina.  

face-cooled b e r y l l i a  double-d isc  is shown by the s o l i d  cu rve  i n  F i g u r e  6 .  

The computed VSWR o f  an improved FC-75 
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FIGURE 4. COMPUTED V W R  FOR A SINGLE-DISC BERYLLIA WINDOW 
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FIGURE 5. COMPUTED VSWR FOR AN FC-75 FACE-CQOLED 
A L U M I N A  DOUBLE-DISC WINDOW 

22 



10 

CONVENTIONAL 9 

a 

7 

s e  
% 
w 

; 5  
E 
3 
E 
8 4  
0 

e 

3 

2 
# - - -  

1 

0 

59 60 61 62 63 64 65 55 56 57 58 

FREQUENCY, GHr 

FIGURE 6. COMPUTED VSVVR FOR AN-FC-75 FACE-COOLED 
BERYLLIA  DOUBLE-DISC WINDOW 

23 



VIII. KECXANICAL DESIGN 

The 

1 .  

2 .  

3. 
4.  

5 .  

6. 
7. 
0 .  

9 .  

expe r imen ta l  g y r o t r o n  c o n s i s t s  of s e v e r a l  major subassembl ies :  

S i n g l e - d i s c  window assemb l y  

C o l l e c t o r  e x t e n s i o n  assembly 

Two c o l l e c t o r  ceramic assemblies 

Tubu la t  ion assembly 

C o l l e c t o r  assembly 

VacIon pump assembly 

Output Tapes Assembly 

Three Elbow Assemblies 

Body Cy l inde r  Assembly 

10. Beam Shaver  and Output Assembly 

1 1.  Anode ShFoud Assembly 

12. K-8060 F i n a l  Cathode Assembly 

These major subassembl i e s  are j o i n e d  t o  one a n o t h e r  w i t h  t u n g s t e n  I n e r t  

gas welded j o i n t s .  T h i s  modular c o n s t r u c t i o n  a l l o w s  ease o f  m o d i f i c a t i o n  

and r e b u i l d i n g .  This t y p e  o f  c o n s t r u c t i o n  is a l s o  n e c e s s a r y  t o  reduce  t h e  

number of b r a z e  c y c l e s  and t o  accommodate C o n s t r u c t i o n  o f  assemblies t o o  

large t o  f i t  i n  t h e  hydrogen b r a z e  fu rnaces .  

The K-8060 f i n a l  ca thode  assembly is composed of two assemblies, t h e  

f i n a l  ca thode  stem assembly and t h e  h igh  v o l t a g e  seal assembly, which are 

jo ined  a t  t h e  base of t h e  t u b e  by t u n g s t e n  i n e r t  gas weld. Radial a l ignment  

is accomplished by mating c y l i n d e r s  at  t h e  base. Ax ia l  a l ignment  is a s s u r e d  

by a machined s t e p .  

The anode shroud assembly compr ises  s e v e r a l  s t a l n l e s s  s tee l  body 

sh rouds  and a weld r i n g .  It forms t h e  lower p o r t i o n  of t h e  vacuum envelope  

su r round ing  t h e  anode and p r o v i d e s  s t r u c t u r a l  suppor t  between t h e  K-8060 

f i n a l  ca thode  assembly and the  body c y l i n d e r  assembly. 

The beam shave r  and ou tpu t  assembly, which I s  housed w i t h i n  t h e  anode 

shroud assembly and t h e  body c y l i n d e r  assembly i n c l u d e s  a hydrogen fu rnace  
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brazed  c o l l e c t i o n  of rf load  r ing assemblies, t h e  output  c a v i t y ,  t h e  anode 

assembly and water c o o l i n g  t u b i n g .  

The body c y l i n d e r  assembly is a welded s t a i n l e s s  s teel  p l a t e  and s h e l l  

assembly which forms t h e  vacuum envelope sur rounding  t h e  upper p o r t i o n  of 

t h e  beam shaver  and output  assembly and t h e  lower p o r t i o n  of t h e  output  

t a p e r  assembly. It a l s o  p r o v i d e s  s t r u c t u r a l  suppor t  between t h e  anode 

shroud assembly and t h e  output  t a p e r  assembly. 

Three elbow a s s e m b l i e s  c o n s i s t i n g  of a c o o l a n t  t u b e  brazed t o  weld 

a d a p t e r s  provide  c o o l i n g  water t o  t h e  beam shaver  and output  assembly and t o  

t h e  lower end of t h e  output  t a p e r  assembly, a l l  of which are i n s i d e  t h e  body 

c y l i n d e r  assembly. 

The output  t a p e r  assembly is composed of a copper  t a p e r e d  waveguide. 

It is surrounded by a s t a i n l e s s  s teel  water  j a c k e t  and a s t a i n l e s s  steel  

p l a t e  and s h e l l  s e c t i o n  at t he  t o p  t h a t  p r o v i d e s  s t r u c t u r a l  suppor t  between 

t h e  body c y l i n d e r  assembly and t h e  lower c o l l e c t o r  ceramic assembly. The 

assembly a l s o  p r o v i d e s  a water p i p e  f o r  t h e  t o p  of the t a p e r  assembly and an 

elbow t o  connect t o  t h e  VacTon pump assembly. 

The VacIon pump assembly is comprised of two s t a i n l e s s  s t ee l  

t u b u l a t i o n s ,  a s t a i n l e s s  steel manifold and an  e i g h t  l i t e r  p e r  second VacIon 

pump. The t u b u l a t i o n  of t h i s  assembly c o n n e c t s  t o  an elbow on t h e  output  

t a p e r  assembly. The purpose of t h i s  pumping channel  is t o  pump t h e  ca thode  

r e g i o n  of t h e  t u b e  through t h e  anode shroud,  body c y l i n d e r  and output  t a p e r  

assemblies independent of t h e  beam t u n n e l .  

The c o l l e c t o r  assembly I n c l u d e s  a s t a c k  of  water cooled  copper  

c y l i n d r i c a l  s e c t i o n s  w i t h  s t a i n l e s s  s teel  p l a t e  and s h e l l  water mani fo lds  a t  

t h e  t o p  and bottom. Four s t a i n l e s s  steel s t i f f e n i n g  b a r s  provide  s t r u c t u r a l  

suppor t  between t h e  t u b e  l i f t i n g  e y e s ,  welded t o  t h e  t o p  water mani fo ld ,  and 

t h e  lower water manifold.  The c o l l e c t o r  assembly p r o v i d e s  s t r u c t u r a l  

suppor t  between t h e  upper and lower c o l l e c t o r  ceramic a s s e m b l i e s .  
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The c o l l e c t o r  ceramic assemblies which are metal and ceramic assemblies 

are used t o  i s o l a t e  t h e  c o l l e c t o r  e l e c t r i c a l l y  t o  e n a b l e  mon i to r ing  of body, 

c o l l e c t o r  and window c u r r e n t .  The c o l l e c t o r  ceramic assemblies p rov ide  

compress ive  suppor t  between t h e  ou tpu t  t a p e r  assembly and c o l l e c t o r  assembly 

and a l s o  between t h e  c o l l e c t o r  assembly and c o l l e c t o r  e x t e n s i o n  assembly. 

T e n s i l e  suppor t  is provided  by i n s u l a t e d  b o l t s .  

The c o l l e c t o r  e x t e n s i o n  assembly c o n s i s t s  of a 2.5" i n s i d e  diameter 

copper  waveguide, water cooled  by a s t a i n l e s s  s tee l  p l a t e  and a s h e l l  water 

jacket. The assembly a l so  i n c l u d e s  a s t a i n l e s s  s tee l  p l a t e  and s h e l l  vacuum 

pumping mani fo ld  f o r  e v a c u a t i o n  and pumping through t h e  gap between t h e  

c o l l e c t o r  and c o l l e c t o r  e x t e n s i o n  assemblies. The p l a t e  and s h e l l  s e c t i o n s  

p rov ide  s t r u c t u r a l  suppor t  between t h e  upper c o l l e c t o r  ceramic and 

s i n g l e - d i s c  window assemblies. 

The t u b u l a t i o n  assembly i n c l u d e s  two s e a l i n g  r i n g s  and a p i e c e  of 

t u b u l a t i o n .  The assembly goes  between t h e  c o l l e c t o r  e x t e n s i o n  assembly and 

t h e  pumping s t a t i o n  d u r i n g  bakeout .  After bakeou t ,  part of t h i s  assembly is 

pinched off.  

The s i n g l e - d i s c  window assembly is composed of:  

1. The b e r y l l i a  window d isc ;  

2.  a s h o r t  waveguide s e c t i o n  on t h e  vacuum side ending  i n  a copper  

cup f o r  t h e  window b r a z e ;  

3. a s h o r t  waveguide s e c t i o n  on t h e  a i r  s i d e  wi th  a copper  cup on one 

end f o r  t h e  window braze; 

4. a s t a i n l e s s  steel waveguide f l a n g e ,  t e r m i n a t i n g  t h e  t u b e ,  and 

5. a p l a t e  and s h e l l  water jacket p r o v l d i n g  structural suppor t  fo r  

t h e  window waveguide. 
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I X .  COMPONENTS 

Design work is c o n t i n u i n g  on t h e  60 GHz waveguide components. The h i g h  

power 60 CHz mode f i l t e r  w i l l  be similar t o  the  28 GHz mode f i l t e r  i n  

mechanica l  des ign .  The e l e c t r o m a g n e t i c  p r o p e r t i e s  of t he  d e s i g n  w i l l  be 

examined i n  cold test and mode f i l t e r  cold t es t  p a r t s  are on order.  

A n a l y t i c a l  work on t h e  mode f i l t e r  d e s i g n  and on the  behav io r  of mode 

f i l t e r s  when t h e y  are combined wi th  other waveguide components, such as 

miter bends ,  h a s  begun. The e l e c t r o m a g n e t i c  design of t h e  power sample r / a rc  

detector  h a s  been s p e c i f i e d  and mechanical d e s i g n  is underway. 
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X. TUBE ASSEMBLY 

Seven ty - s ix  pe rcen t  o f  t h e  p i e c e  p a r t s  f o r  t he  f i r s t  expe r imen ta l  t u b e  

have been r e c e i v e d .  The l a s t  of t h e  p i e c e  p a r t s  are expec ted  August  8 ,  

1980. 

The last of the  gun p a r t s  are expec ted  i n  mid-July a t  which time 

c o n s t r u c t i o n  of the  e l e c t r o n  gun w i l l  start. The f i r s t  completed gun is 

expec ted  i n  August. 

Ninety-one pe rcen t  of the  i n t e r a c t  i o n  c i r c u i t  assembly p i e c e  p a r t s  have 

been r e c e i v e d  and assembly has been started.  

S ix ty - f  i v e  pe rcen t  of the  o u t p u t / c o l l e c t o r  assembly p i e c e  p a r t s  have 

been r ece ived .  The l a s t  p a r t s  are due  July 23. 

S ix ty- two pe rcen t  of the  window p a r t s  have been r e c e i v e d .  The 

remaining p a r t s  are due August 8. 
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XI. PROGRAM SCHEDULE AND PLANS 

Parts are b e i n g  r e c e i v e d  and t h e  c o n s t r u c t i o n  o f  t h e  first exper imenta l  

60 GHz g y r o t r o n ,  serial number X-9, has been s ta r ted .  

Completion of the  f i r s t  e l e c t r o n  gun is expec ted  du r ing  the  next  

q u a r t e r .  

A superconduct ing  magnet des ign  review meet ing w i l l  be  h e l d  J u l y  18 a t  

Magnet ic  Corpora t ion  of America. 

i n c l u d e  comple t ion  of the  des ign  and f a b r i c a t i o n  o f  t h e  conductor .  

P r o g r e s s  d u r i n g  t h e  next  q u a r t e r  w i l l  

P a r t s  are be ing  r ece ived  for  t h e  pu l sed  o s c i l l a t o r  i n t e r a c t i o n  c i r c u i t .  

During t h e  next  q u a r t e r  t h e  c i r c u i t  assembly w i l l  be assembled. Paral le l  

c o l d  test work w l l l  con t  h u e .  

A l l  of the ou tpu t  window p a r t s  should  be r ece ived  d u r i n g  t h e  next  

q u a r t e r  . 
The f i n a l  assembly drawings w i l l  be  completed d u r i n g  the  next  q u a r t e r  

for bo th  t he  expe r imen ta l  pu l sed  g y r o t r o n  and t h e  100 m s  p u l s e  d u r a t i o n  

gyrot ron  . 
A l l  p i e c e  p a r t s  for the  expe r imen ta l  and first 100 m s  p u l s e  d u r a t i o n  

g y r o t r o n s  are expec ted  t o  be d e l i v e r e d  d u r i n g  the  next  q u a r t e r .  

Cons t ruc t ion  of the waveguide components, pu lsed  water load  and power 

sampler  and arc d e t e c t o r  w i l l  be started d u r i n g  t h e  next  q u a r t e r .  

Test set modif icat  ion  w i l l  c o n t i n u e  du r ing  the  next  q u a r t e r .  

Completion of the  s h o r t  p u l s e  m o d i f i c a t i o n  is not expec ted  b e f o r e  t h e  

beg inn ing  of Janua ry .  

The mi l e s tone  chart and s t a t u s  r e p o r t  is shown i n  F igu re  7 .  
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