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cavity  is  incrementally  changed  from  the  normal 
180  degree  phase  shift.  Typically,  the  incremental 
change  is  on  the  order  of  10  to  30  degrees. 

The  non-resonant  side  cavity  decreases  the 
5  electric  field  strength  in  cavities  electromagneti- 

cally  downstream  of  the  non-resonant  side  cavity 
relative  to  the  electric  field  strength  in  cavities 
electromagnetically  upstream  of  the  side  cavity. 
In  one  embodiment,  the  electromagnetic  wave  is 

w  injected  into  a  cavity  where  a  particle  beam  is 
upstream  of  the  non-resonant  side  cavity.  In  a 
second  embodiment,  the  electromagnetic  wave  is 
injected  into  a  cavity  where  the  particle  beam  is 
downstream  of  the  non-resonant  side  cavity.  If  it 

15  is  desired  to  control  the  beam  diameter  and 
energy,  plural  non-resonant  side  cavities  can  be 
provided  at  different  longitudinal  positions  along 
the  propagation  path  of  the  beam.  Each  time  the 
beam  encounters  a  main  cavity  coupled  to  a  non- 

20  resonant  side  cavity,  it  suffers  a  decrease  in 
energy  and  diameter.  The  non-resonant  side 
cavities  cause  a  tilt  in  the  directions  of  the  field 
patterns  in  the  cavities  adjacent  thereto. 

To  control  the  beam  energy  and  diameter,  the 
25  resonant  frequency  of  the  non-resonant  side 

cavities  is  adjustable  at  will.  The  resonant  fre- 
quency  of  the  non-resonant  side  cavities  is 
adjusted  by  an  adjusting  means  within  the  non- 
resonant  cavities  so  that  the  energy  of  the  elec- 

30  tromagnetic  wave  is  reflected  by  a  coupling 
means,  such  as  an  iris,  between  the  non-resonant 
side  cavity  and  the  two  main  cavities  to  which  the 
side  cavity  is  coupled.  The  electromagnetic  wave 
is  reflected  by  such  coupling  means  so  the  non- 

35  resonant  side  cavity  loads  the  two  main  cavities 
coupled  to  it.  The  adjusting  means  within  the  non- 
resonant  side  cavities  includes  a  symmetric  tun- 
ing  plunger. 

Each  side  cavity  has  plural  dominant  frequen- 
40  cies,  one  of  which  is  approximately  resonant  with 

the  frequency  of  the  electromagnetic  wave 
source.  The  tuning  plunger  detunes  the  side 
cavity  from  the  frequency  that  is  approximately 
resonant  with  that  of  the  electromagnetic  wave 

45  source  to  achieve  the  incremental  phase  shift 
between  adjacent  main  cavities.  Each  dominant 
frequency  of  the  non-resonant  side  cavity  other 
than  the  dominant  frequency  that  is  approxi- 
mately  resonant  with  the  frequency  of  the  elec- 

50  tromagnetic  wave  source  is  sufficiently  removed 
from  any  frequency  of  the  source  capable  of 
being  coupled  by  the  coupling  means  to  the  main 
cavities  to  prevent  the  side  cavity  from  being 
excited  by  the  wave  source. 

55  We  are  aware  of  United  States  Patents 
4,286,192  to  Tanabe,  and  4,382,208  to  Meddaugh 
et  al,  both  commonly  assigned  to  the  present 
applicants.  In  the  Tanabe  patent,  a  standing  wave 
linear  accelerator  provides  accelerated  variable 

60  energy  charged  particles  over  a  uniform  beam 
energy  spread  by  providing  an  adjustable  vari- 
ation  of  n  radians  in  phase  shift  in  a  selected  side 
cavity  of  the  accelerator.  In  particular,  the  mode  of 
the  side  cavities  is  adjusted  so  that  the  phase  shift 

65  introduced  between  adjacent  main  cavities  is 

Description 

The  present  invention  relates  generally  to 
standing  wave  linear  particle  beam  accelerators 
and  more  particularly  to  charged  particle  beam 
accelerators  and  methods  wherein  a  side  cavity  of 
such  an  accelerator  has  a  resonant  frequency  that 
is  adjusted  so  it  differs  from  the  frequency  of  an 
electromagnetic  wave  coupled  to  the  accelerator 
to  cause  a  change  in  a  normal  fixed  phase  shift  of 
main  cavities  adjacent  the  side  cavity  and  a 
decrease  in  electric  field  strength  in  cavities  elec- 
tromagnetically  downstream  of  the  side  cavity. 

Standing  wave  linear  particle  beam 
accelerators  are  characterized  by  plural  cascaded 
standing  wave  electromagnetically  coupled  main 
cavities  having  approximately  the  same  resonant 
frequency  and  plural  side  cavities.  Adjacent  ones 
of  the  main  cavities  are  electromagnetically 
coupled  to  a  common  side  cavity.  A  beam  of 
charged  particles,  usually  electrons,  is  injected 
into  the  main  cavities  so  the  beam  travels  longi- 
tudinally  through  the  cascaded  cavities.  The 
cavities  are  excited  with  an  electromagnetic  wave 
having  a  frequency  that  is  approximately  equal  to 
the  resonant  frequency  of  the  main  cavities  so 
that  there  is  normally  a  fixed  phase  shift  of  180 
degrees  between  adjacent  main  cavities. 

Such  standing  wave  linear  accelerators  are 
widely  used  for  medical,  radiation  therapy  and 
industrial,  radiographic  applications.  One  class  of 
such  devices  operates  in  the  energy  range  from 
2  —  5  million  electron  volts  (MeV).  To  provide  for 
the  complete  energy  range  from  2  to  5  MeV,  the 
voltage  of  the  RF  applied  to  the  standing  wave 
structure  must  be  changed.  However,  changing 
the  voltage  of  the  injected  microwave  energy 
concommitantly  changes  the  diameter  of  the 
particle  beam  applied  to  the  treated  area.  It  is 
usually  desirable,  however,  to  control  the  dia- 
meter  of  the  particle  beam  applied  to  the  treated 
area  so  that  the  diameter  remains  constant  for 
differing  energy  levels.  In  other  instances,  it  is 
desirable  to  vary  the  diameter  of  the  output  beam 
irradiating  the  treated  subject  matter  when  there 
is  no  change  in  the  beam  energy.  To  achieve  this, 
there  is  provided  a  method  and  an  accelerator 
according  to  claim  1  and  3. 

In  accordance  with  the  present  invention,  a 
linear  charged  particle  beam  accelerator  having 
plural  cascaded  standing  wave  electromagneti- 
cally  coupled  main  cavities  with  approximately 
the  same  resonant  frequency  and  side  cavities 
adjacent  and  electromagnetically  coupled  to  the 
main  cavities  includes  at  least  one  side  cavity 
having  a  resonant  frequency  different  from  that  of 
the  main  cavities.  The  accelerator  is  excited  by  an 
electromagnetic  wave  that  resonates  with  the 
main  cavities  but  not  the  one  side  cavity.  The  non- 
resonant  side  cavity  causes  a  change  in  a  normal 
fixed  phase  shift  of  the  main  cavities  adjacent  the 
one  side  cavity.  In  particular,  there  is  normally  a 
180  degree  phase  shift  between  adjacent  main 
cavities.  However,  the  phase  shift  between  the 
main  cavities  adjacent  the  non-resonant  side 
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a  first  coupling  iris  between  the  asymmetric  side 
cavity  and  a  first  main  cavity  to  be  much  greater 
than  the  power  coupled  to  a  second  iris  between  a 
second  main  cavity  and  the  asymmetric  side 
cavity.  In  contrast,  in  the  present  symmetric 
arrangement,  the  powers  coupled  through  the 
first  and  second  irises  between  the  detuned  side 
cavity  and  the  main  cavities  coupled  thereto  are 
approximately  the  same. 

Examples  of  the  invention  will  now  be 
described  with  reference  to  the  accompanying 
drawings  in  which: 

Figure  1  is  a  side  sectional  view  of  a  standing 
wave  linear  accelerator  having  multiple  symmet- 
ric  side  cavities,  one  of  which  includes  a  plunger 
to  cause  a  phase  shift  between  adjacent  main 
cavities  to  differ  from  the  usual  180  degree 
amount; 

Figure  1a  is  a  sectional  view,  taken  through  line 
II  —  II  of  a  detuned  side  cavity  in  the  accelerator  of 
Figure  1; 

Figure  2  is  a  schematic  view  of  said  one  side 
cavity  in  the  embodiment  of  Figure  1,  wherein  the 
electric  and  magnetic  fields  are  depicted  in  the 
TM010  mode; 

Figure  3  is  a  plot  of  magnetic  field  strength 
versus  length  in  the  side  cavity  of  Figure  2; 

Figure  4  is  a  plot  of  the  resonant  frequency  of 
said  one  side  cavity  as  a  function  of  plunger 
depth;  and 

Figure  5  is  a  side  view  of  a  second  embodiment 
of  the  invention. 

Reference  is  now  made  to  Figure  1  of  the 
drawing  wherein  a  linear  standing  wave  particle 
beam  accelerator  11  is  illustrated  as  including 
electron  beam  source  12,  i.e.,  the  charged  particle 
source,  at  one  end  of  the  accelerator.  Source  12 
includes  means  (not  shown)  for  focusing  the 
electrons  derived  therefrom  into  a  beam  that 
propagates  longitudinally  of  accelerator  11.  The 
beam  derived  from  source  12  has  a  predeter- 
mined  diameter,  controlled  by  the  energy  of  the 
beam,  which  in  the  described  embodiment,  is 
anywhere  in  the  range  from  two  to  five  MeV.  The 
electron  beam  derived  from  source  12  is  acceler- 
ated  by  electric  and  magnetic  microwave  fields 
established  in  accelerator  11  in  response  to 
energy  from  magnetron  13,  having  an  output  in 
the  three  gigaHertz  (gHz)  range.  The  microwave 
output  of  magnetron  13  is  coupled  to  accelerator 
11  by  feed  14.  The  interior  of  accelerator  11  is 
maintained  in  a  vacuum  condition  and  necessary 
DC  excitation  voltages  are  applied  to  electrodes  of 
the  accelerator  as  well  known  to  those  skilled  in 
the  art.  Electron  beam  15,  derived  from  source  12 
and  accelerated  by  structure  11,  exits  the 
accelerator  through  window  16,  at  the  end  of  the 
accelerator  opposite  from  electron  beam  source 
12.  The  electron  beam  exiting  window  16  has  a 
fixed  diameter,  regardless  of  energy  level,  or  a 
variable,  controlled  diameter  for  a  constant 
energy  level.  These  desirable  results  are  achieved 
with  the  accelerator  structure  of  the  present 
invention. 

Accelerator  1  1  includes  multiple  cascaded  main 

changed  from  n  to  zero  radians.  This  is  accom- 
plished  by  switching  the  operation  of  selected 
side  cavities  from  a  conventional  TMOiO  mode  in 
which  the  magnetic  field  has  the  same  phase  at 
both  coupling  irises  of  the  side  cavity  to  a  TM011  5 
or  TEM  mode,  in  which  there  is  a  magnetic  (H) 
field  phase  reversal  between  the  irises  of  the  side 
cavity.  The  result  is  achieved  by  inserting  a 
metallic  tuning  rod  into  the  cavity  from  a  sidewall 
of  the  cavity,  i.e.,  an  asymmetric  tuner  which  10 
changes  the  dominant  mode  of  the  cavity  from 
TM010  to  TMon-  The  resonant  frequency  of  the 
cavity  is  thereby  decreased. 

The  side  cavity  in  the  Tanabe  structure  interacts 
with  the  electromagnetic  energy  of  the  wave  is 
propagating  in  the  standing  wave  linear 
accelerator  in  both  the  TM010  and  TM011  modes.  In 
contrast,  in  the  present  invention,  the  symmetric 
tuning  plunger  is  dominant  with  only  one  excita- 
tion  frequency  of  the  linear  standing  wave  20 
accelerator.  The  resonant  frequency  of  the  side 
cavities  in  the  Tanabe  structure  decreases  linearly 
when  the  side  cavity  is  changed  from  the  TM010  to 
the  TM011  mode.  In  contrast,  in  the  present  inven-  ' 
tion,  there  is  a  monotonic,  non-linear  decrease  in  25 
the  resonant  frequency  of  the  side  cavity  as  the 
symmetric  tuning  plunger  is  inserted  into  the 
cavity,  toward  the  beam  axis.  The  non-linear 
function  is  higher  than  of  linear  order,  so  that 
there  is  a  greater  decrease  in  resonant  frequency  30 
of  the  side  cavity  for  increasing  insertion  of  the 
plunger  into  the  cavity  with  the  present  invention 
than  with  Tanabe.  In  the  present  invention,  there 
is  a  substantial  magnetic  field  in  the  center  of  the 
side  cavity  in  the  TM010  mode;  in  the  Tanabe  35 
structure  there  is  virtually  no  magnetic  field  in  the 
center  of  the  side  cavity  containing  the  tuning  rod 
which  is  inserted  into  the  sidewall  of  the  cavity.  In 
the  Tanabe  structure,  the  change  from  the  TM010 
mode  to  the  TM011  mode  is  accomplished  by  40 
shorting  the  cavity  in  response  to  the  tuning 
plunger  being  inserted  completely  across  the  wall 
of  the  side  cavity.  This  causes  the  phase  shift  in 
the  adjacent  side  cavities  to  change  from  a  180 
degree  phase  shift  to  a  zero  phase  shift.  In  45 
contrast,  in  the  present  invention,  there  is  no 
substantial  change  in  the  mode  of  the  side  cavity 
for  the  excitation  frequency  of  the  electromagne- 
tic  wave.  Instead,  the  side  cavity  continues  to 
operate  in  basically  the  TM010  mode,  but  it  is  so 
shifted  to  a  non-resonant  condition,  causing  an 
incremental  phase  shift  between  the  cavities  adja- 
cent  thereto. 

In  the  above  US  —  A—  4382208,  a  standing  wave 
particle  accelerator  includes  a  structure  wherein  55 
fields  in  one  part  of  the  circuit  are  varied  by  a 
desired  amount  with  respect  to  the  fields  in 
another  part  of  the  circuit.  This  enables  the  output 
particle  energy  to  be  varied  while  the  distribution 
of  the  particle  energies  remains  unchanged.  One  so 
side  cavity  is  arranged  so  that  the  standing  wave 
electromagnetic  field  in  it  is  asymmetric  with 
respect  to  coupling  elements  to  the  two  main 
cavities  adjacent  the  asymmetric  side  cavity.  The 
asymmetric  relation  causes  the  power  coupled  to  65 
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side  faces  45,  at  right  angles  to  end  faces  44,  as 
well  as  bottom  face  48  which  faces  plunger  46, 
and  top  face  49  which  faces  irises  41.  Top  and 
bottom  faces  48  and  49  are  equally  spaced  from  a 

5  center  line  of  cavity  31  which  bisects  the  longi- 
tudinal  axis  of  the  cavity,  i.e.,  is  equally  distant 
from  the  bottom  plane  of  the  cavity  through 
which  plunger  46  extends  and  the  top  plane  of  the 
cavity  which  intersects  irises  41.  Because  plunger 

10  46  has  a  longitudinal  axis  coincident  with  cavity 
longitudinal  axis  40  and  the  cylindrical  nature  of 
cavity  31,  as  well  as  the  placement  and  symmetri- 
cal  configuration  of  abutments  43,  the  cavity  is  a 
symmetric  resonant  cavity.  Cavity  31  has  a  nomi- 

15  nal  resonant  frequency  in  the  TM010  mode  that  is 
equal  to  the  resonant  frequency  of  main  cavities 
21  —  27  when  top  end  50  of  plunger  46  is 
coincident  with  bottom  face  51  of  cavity  31  . 

Each  of  cavities  32—35  is  configured  generally 
20  similar  to  that  of  cavity  31,  except  that  cavities 

32  —  35  do  not  include  plunger  46.  In  con- 
sequence,  cavities  32—35  are  resonant  to  the 
same  frequency  in  the  TMOiO  mode  as  main 
cavities  21  —  27.  In  normal  operation  when  control 

25  of  the  diameter  and  energy  of  electron  beam  1  5  is 
desired,  cavity  31  is  detuned  from  the  resonant 
frequency  of  main  cavities  21  —  27  by  variable 
insertion  of  plunger  46  into  cavity  31  so  that  end 
50  of  the  plunger  is  remote  from  end  face  51,  and 

30  is  within  cavity  31  ,  between  end  face  51  and  end 
face  48.  To  this  end,  plunger  46  is  threaded  into 
threaded  bore  of  boss  47  that  is  fixedly  mounted 
on  end  wall  45  of  cavity  31  .  Insertion  of  plunger  46 
by  differing  amounts  into  cavity  31  changes  the 

35  cavity  resonant  frequency,  which  varies  the  tilt 
angles  and  phase  shift  of  the  microwave  energy 
fields  in  adjacent  main  cavities  22  and  23. 

Reference  is  now  made  to  Figures  2—4  of  the 
drawing  wherein  details  of  the  operation  of  cavity 

40  31  are  illustrated.  As  illustrated  in  Figure  2,  a 
relatively  uniform  electric  field  E  subsists 
between  end  faces  44  of  abutments  43,  in  the 
center  of  cavity  31.  Electric  field  lines  extend  in  a 
direction  at  right  angles  to  longitudinal  axis  40  of 

45  cavity  31  and  uniformly  fill  the  gap  between  end 
faces  44.  Magnetic  field  lines  55  encircle  abut- 
ments  43  and  to  a  slightly  lesser  extent  the  gap 
between  abutment  end  faces  44  where  electric 
field  lines  subsist.  Magnetic  flux  lines  55  lie  in 

50  planes  that  are  generally  parallel  to  longitudinal 
axis  40  of  cavity  31  . 

As  indicated  in  Figure  3,  the  magnetic  field,  H, 
in  cavity  31  is  relatively  constant  between  the 
cavity  cylindrical  end  wall  42,  with  only  a  slight 

55  dip  in  the  center  of  the  cavity.  This  is  in  contrast  to 
the  configuration  disclosed  in  the  side  cavities  of 
the  previously  mentioned  Tanabe  and  Meddaugh 
et  al  patents.  In  the  side  cavities  of  Tanabe  and 
Meddaugh  et  al,  the  magnetic  field  drops  virtually 

60  to  zero  in  the  center  of  the  cavities. 
Cavity  31  is  excited  by  the  microwave  field  to 

the  TMOio  mode.  Typically,  magnetron  13  supplies 
microwave  energy  at  3  gHz  to  accelerator  11,  and 
the  nominal  resonant  frequency  of  cavity  31  is 

65  also  3  gHz.  Cavity  31  is  constructed  so  that  the 

cavities  21  —  27  through  which  beam  15  directly 
passes  as  it  propagates  from  electron  source  1  2  to 
window  16.  Input  and  output  cavities  21  and  27, 
respectively,  are  half  cavities,  while  the  remain- 
ing,  i.e.,  intermediate,  cavities  22—26  are  full 
cavities.  Adjacent  ones  of  cavities  21  —  27  are 
connected  to  each  other  by  longitudinal  passages 
28,  through  which  electron  beam  15  propagates. 
In  the  embodiment  of  Figure  1,  feed  14  is  coupled 
into  adjacent  main  cavities  21  and  20  via  side 
cavity  30,  having  irises  coupled  to  the  feed  and 
the  adjacent  main  cavities.  21.  Cavities  21  —  27  are 
approximately  resonant  to  the  frequency  of  mag- 
netron  13  that  excites  accelerator  11. 

Adjacent  ones  of  main  cavities  22  —  27  are 
electromagnetically  coupled  to  each  other  for  the 
frequency  of  magnetron  13  by  side  cavities 
31  —  35,  so  that  cavities  22  and  23  are  coupled  to 
each  other  by  cavity  31,  cavities  23  and  24  are 
coupled  to  each  other  by  cavity  32,  cavities  24  and 
25  are  coupled  to  each  other  by  cavity  33,  cavities 
25  and  26  are  coupled  to  each  other  by  cavity  34 
and  cavities  26  and  27  are  coupled  to  each  other 
by  cavity  35.  Side  cavities  31  —  35  are  approxi- 
mately  resonant  to  the  excitation  frequency  of 
magnetron  13.  Side  cavities  32—35  and  main 
cavities  21  —  27  interact  with  each  other  so  that 
there  is  a  180  degree  phase  shift  in  the  electric 
and  magnetic  energy  in  adjacent  ones  of  the  main 
cavities;  the  electric  field  and  magnetic  field  in 
each  main  cavity  are  displaced  from  each  other  by 
90  degrees,  i.e.,  the  main  cavity  is  operated  in  the 
n/2  mode.  To  this  end,  each  of  cavities  32  —  35  is 
merely  a  conventional  resonator  tuned  to  the 
frequency  of  magnetron  13  and  coupled  through 
irises  38  into  the  main  cavities.  Cavities  32  —  35 
are  symmetrical  with  respect  to  the  main  cavities 
to  which  they  are  coupled. 

Side  cavity  31,  however,  is  configured  different 
from  side  cavities  32—35,  as  a  symmetric  struc- 
ture  that  is  detuned  from  the  excitation  frequency 
of  magnetron  13.  As  such,  side  cavity  31  tilts  the 
fields  in  main  cavities  22  and  23  to  which  it  is 
coupled  by  irises  41  so  that  there  is  a  phase  shift 
between  cavities  22  and  23  of  180°+  A,  where  A  is 
between  10  and  30  degrees.  The  phase  shift 
introduced  by  cavity  31  causes  a  change  in  the 
diameter  of  the  electron  beam  from  the  time  it 
enters  cavity  22  to  the  time  it  leaves  cavity  23.  The 
electron  beam  diameter  change  is  associated  with 
an  energy  level  change,  such  that  the  beam  has  a 
greater  diameter  and  energy  prior  to  entering 
cavity  22  than  it  does  when  it  leaves  cavity  23. 
Hence,  it  is  possible  to  change  the  diameter  of  the 
beam  exiting  window  16  by  changing  the 
resonant  frequency  of  cavity  31  ;  alternatively,  the 
diameter  of  the  beam  exiting  window  16  can  be 
maintained  constant,  despite  changes  in  excita- 
tion  voltage  for  the  beam  derived  from  source  12. 

Cylindrical  cavity  31  has  a  circular  cross-section 
and  longitudinal  axis  40  transverse  to  the  axis  of 
beam  15,  as  illustrated  in  Figures  1  and  1a. 
Extending  inwardly  from  circular  wall  42  are 
abutments  43  having  opposite  end  faces  44,  on 
opposite  sides  of  cavity  31.  Abutments  43  include 
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81  —  87  such  that  cavity  81  is  coupled  between 
cavities  71  and  72,  cavity  82  is  coupled  between 
cavities  72  and  73,  cavity  83  is  coupled  between 
cavities  74  and  75,  cavity  84  is  coupled  between 

5  cavities  75  and  76,  cavity  85  is  coupled  between 
cavities  76  and  77,  cavity  86  is  coupled  between 
cavities  77  and  78,  and  cavity  87  is  coupled 
between  cavities  78  and  79.  Microwave  energy  is 
injected  by  feed  65  into  adjacent  main  cavities  73 

10  and  74  via  side  cavity  90,  having  irises  coupled  to 
the  feed  and  the  adjacent  cavities.  Cavities  81,  83, 
85  and  87  are  fixed  cavities,  constructed  in  the 
same  manner  as  fixed  cavities  32—35,  Figure  1  .  In 
contrast,  cavities  82,  84  and  86  are  symmetrical 

15  cavities  having  variable  resonant  frequencies, 
constructed  in  the  same  manner  as  variable  cavity 
31,  Figure  1.  Fixed  cavities  81,  83,  85  and  87  and 
resonant  to  the  same  frequency  as  main  cavities 
71—79.  Variable  side  cavities  82,  84  and  86  are 

20  adjusted  so  that  they  are  detuned  from  the 
resonant  frequency  of  the  main  cavities  to  pro- 
vide  control  of  the  beam  diameter  and  energy 
exiting  window  63. 

At  each  detuned  side  cavity  location,  elec- 
25  tromagnetic  energy  is  coupled  back  into  the  main 

cavities  coupled  to  the  side  cavity  to  decrease 
beam  energy  and  diameter  as  the  beam  propa- 
gates  from  electron  beam  source  62  to  window 
63.  The  decreases  occur  regardless  of  whether  the 

30  microwave  energy  is  propagating  in  a  forward  or 
backward  manner,  i.e.,  the  microwave  energy 
propagates  in  a  backward  manner  from  mag- 
netron  13  and  feed  65  toward  electron  beam 
source  62  and  propagates  in  a  forward  manner 

35  from  feed  65  toward  window  63.  Hence,  there  is  a 
first  decrease  in  the  beam  diameter  and  energy 
level  from  the  time  the  beam  enters  cavity  72  to 
the  time  it  exits  cavity  73,  between  which  detun- 
ing  cavity  82  is  located;  there  is  a  second 

40  decrease  in  beam  energy  and  diameter  between 
the  time  the  beam  enters  cavity  75  and  exits 
cavity  76,  between  which  detuning  side  cavity  84 
is  located;  and  there  is  a  third  decrease  in  beam 
diameter  and  energy  between  the  time  the  beam 

45  enters  cavity  77  and  exits  cavity  78,  between 
which  detuning  cavity  86  is  located.  Of  course,  the 
number  and  location  of  the  detuning  cavities  can 
be  selected  in  accordance  with  the  necessary 
criteria  for  controlling  beam  diameter  and  energy 

so  level. 
While  there  have  been  described  and  illustrated 

several  specific  embodiments  of  the  invention,  it 
will  be  clear  that  variations  in  the  details  of  the 
embodiments  specifically  illustrated  and 

55  described  may  be  made  without  departing  from 
the  scope  of  the  claims. 

Claims 

60  1.  A  method  of  operating  a  linear  charged 
particle  beam  accelerator  having:  plural  cascaded 
standing  wave  electromagnetically  coupled  main 
cavities  with  approximately  the  same  resonant 
frequency,  and  side  cavities,  adjacent  ones  of  the 

65  main  cavities  being  electromagnetically  coupled 

next  dominant  frequency  thereto,  typically  in 
excess  of  5  mHz,  is  outside  of  the  frequency  band 
applied  by  magnetron  13  to  accelerator  11.  In 
contrast,  in  the  structures  disclosed  by  Tanabe 
and  Meddaugh  et  al,  the  side  cavities  have  domin- 
ant  frequencies  that  are  within  the  frequency 
band  applied  by  a  microwave  source  to  the 
accelerator.  For  example,  the  side  cavities  of 
Tanabe  and  Meddaugh  et  al  are  dominant  in  the 
TM010  mode  at  3  gHz  and  in  the  TM011  mode  at  3.2 
gHz. 

The  resonant  frequency  of  cavity  31  in  the 
TM010  mode  decreases  as  a  monotonic  higher 
order  non-linear  function  as  the  depth  of  plunger 
46  into  cavity  31  increases,  as  indicated  by  curve 
58,  Figure  4.  In  Figure  4,  the  resonant  frequency  of 
side  cavity  31  for  the  TMOiO  mode  is  plotted  as  a 
function  of  the  depth  of  plunger  46  into  cavity  31. 
When  plunger  end  50  is  in  the  same  plane  as  end 
face  51  of  cavity  31,  as  indicated  by  point  59  on 
curve  58,  cavity  31  is  at  its  normal  resonant 
frequency  in  the  TM010  mode.  As  plunger  46  is 
moved  into  cavity  31,  the  resonant  frequency  of 
the  cavity  in  the  TM010  mode  initially  decreases  by 
a  small  amount.  The  rate  of  change  of  decrease  of 
the  resonant  frequency  of  cavity  31  as  a  function 
of  plunger  depth  increases  substantially  as  the 
plunger  is  inserted  by  increasing  amounts  into 
cavity  31.  This  results  in  a  significant  change  in 
the  phase  shift  between  adjacent  cavities  22  and 
23  to  achieve  the  desired  beam  energy  and/or 
diameter.  In  the  Tanabe  and  Meddaugh  et  al 
structures  the  side  cavity  resonant  frequency 
decreases  linearly  as  the  side  tuning  plunger  is 
inserted,  whereby  the  total  frequency  change  of 
the  present  invention  is  greater,  while  achieving 
high  resolution  for  small  resonant  frequency 
changes. 

Reference  is  now  made  to  Figure  5  of  the 
drawing  wherein  there  is  illustrated  a  second 
embodiment  of  the  invention  wherein  microwave 
energy  from  magnetron  13  is  injected  into  the 
waist  or  central  portion  of  the  linear  standing 
wave  accelerator  61.  Accelerator  61  includes 
multiple  main  cavities  and  multiple  resonant  side 
cavities.  The  main  cavities  are  resonant  to  the 
frequency  of  magnetron  13  as  are  the  majority  of 
the  side  cavities.  However,  three  of  the  side 
cavities  of  accelerator  61  can  be  detuned  from  a 
resonant  condition.  In  the  specifically  illustrated 
configuration,  one  of  the  detunable  side  cavities 
is  between  electron  beam  source  62  and  feed  65 
for  the  output  of  magnetron  13  into  the  waist  of 
accelerator  61,  while  the  remaining  detunable 
cavities  are  between  feed  65  and  window  63  for 
electron  beam  15  that  is  supplied  to  the  interior  of 
accelerator  61  by  electron  beam  source  62. 

In  the  particularly  illustrated  configuration, 
accelerator  61  includes  cascaded  resonant  main 
sections  71  —  79,  all  of  which  are  approximately 
resonant  to  the  frequency  of  magnetron  13. 
Entrance  and  exit  cavities  71  and  79  are  half 
cavities,  while  the  remaining,  intermediate 
cavities  72—78  are  full  cavities.  Coupled  between 
adjacent  ones  of  cavities  71—79  are  side  cavities 
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side  cavity  having  a  resonant  frequency  adjusted 
by  a  symmetric  adjustable  tuning  plunger  so  it  is 
not  resonant  with  the  electromagnetic  wave,  the 
second  non-resonant  side  cavity  causing:  (a)  a 
change  in  the  normal  fixed  phase  shift  of  the  main 
cavities  adjacent  said  second  side  cavity,  and  (b)  a 
decrease  in  electric  field  strength  in  cavities  elec- 
tromagnetically  downstream  of  said  second  side 
cavity  relative  to  the  electric  field  strength  in 
cavities  electromagnetically  upstream  of  said 
second  side  cavity. 

5.  The  linear  standing  wave  particle  beam 
accelerator  of  Claim  3  wherein  the  coupling  means 
is  connected  to  a  main  cavity  where  the  particle 
beam  is  upstream  of  said  one  side  cavity. 

6.  The  linear  standing  wave  particle  beam 
accelerator  of  Claim  3  wherein  the  side  cavity  has 
plural  dominant  frequencies,  one  of  said  dominant 
frequencies  being  approximately  resonant  with 
thefrequency  of  the  electromagnetic  wave  source, 
each  dominant  frequency  other  than  said  one 
dominant  frequency  being  sufficiently  removed 
from  any  frequency  of  the  electromagnetic  wave 
source  capable  of  being  coupled  by  the  coupling 
means  to  the  main  cavities  to  prevent  the  side 
cavity  to  be  excited  by  the  wave  source. 

Patentanspruche 

1.  Verfahren  zum  Betreiben  eines  Ladungsteil- 
chenstrahl-Linearbeschleunigers,  welcher  eine 
Anzahl  elektromagnetisch  gekoppelter  Hauptkavi- 
taten  fur  kaskadierte  Stehwellen  mit  annahernd 
dergleichen  Resonanzfrequenzunddaranangren- 
zende  Seiten  kavitaten  aufweist,  wobei  benach- 
barte  Hauptkavitaten  elektromagnetisch  mit  einer 
gemeinsamen  Seitenkavitat  gekoppelt  sind, 
gekennzeichnet  durch  die  Verfahrensschritte:  Ein- 
leiten  eines  Teilchenstrahls  in  die  Hauptkavitaten, 
so  dass  der  Strahl  langs  durch  die  kaskadierten 
Kavitaten  hindurchgeht,  Anregen  der  Kavitaten 
mit  einer  elektromagnetischen  Welle,  deren  Fre- 
quenz  annahernd  resonant  ist  mit  der  Resonanz- 
frequenz  der  Hauptkavitaten,  so  dass  normaler- 
weise  eine  feste  Phasenverschiebung  der  elektro- 
magnetischen  Energie  in  benachbarten  Hauptka- 
vitaten  besteht,  Einstellen  der  Resonanzfrequenz 
einer  Seitenkavitat  durch  einen  symmetrischen 
einstellbaren  Abstimmkolben,  so  dass  sie  nicht 
resonant  ist  mit  der  elektromagnetischen  Welle 
und  so  dass  eine  dieser  besagten  Seitenkavitat 
benachbarte  Seitenkavitat  mit  der  elektromagneti- 
schen  Welle  resonant  ist,  wobei  die  nichtreso- 
nante  Seitenkavitat:  (a)  einen  Wechsel  in  der 
normalerweise  festen  Phasenverschiebung  derzu 
der  besagten  Seitenkavitat  benachbarten  Haupt- 
kavitaten  bewirkt  und  (b)  eine  Verkleinerung  der 
elektrischen  Feldstarke  in  von  der  besagten 
Seitenkavitat  elektromagnetisch  stromabwarts 
gelegenen  Kavitaten  gegenuber  der  elektrischen 
Feldstarke  in  von  der  besagten  einen  Seitenkavitat 
elektromagnetisch  stromaufwarts  gelegenen 
Kavitaten  bewirkt. 

2.  Verfahren  nach  Anspruch  1,  gekennzeichnet 
durch  Einstellen  der  Frequenz  einer  zweiten 

to  a  common  side  cavity,  comprising  the  steps  of 
injecting  a  beam  of  the  particles  into  the  main 
cavities  so  the  beam  travels  longitudinally  through 
the  cascaded  cavities,  exciting  the  cavities  with  an 
electromagnetic  wave  having  a  frequency  that  is  5 
approximately  resonant  with  the  resonant  fre- 
quency  of  the  main  cavities  so  that  there  is 
normally  a  fixed  phase  shift  of  the  electromagnetic 
energy  is  adjacent  main  cavities,  adjusting  the 
resonant  frequency  of  one  side  cavity  by  a  w 
symmetric  adjustable  tuning  plunger  so  it  is  not 
resonant  with  the  electromagnetic  wave  and  so 
that  a  side  cavity  adjacent  side  one  side  cavity  is 
resonant  with  the  electromagnetic  wave,  the  non- 
resonant  one  side  cavity  causing:  (a)  a  change  in  ts 
the  normal  fixed  phase  shift  of  the  main  cavities 
adjacent  said  one  side  cavity,  and  (b)  a  decrease  in 
electric  field  strength  in  cavities  electromagneti- 
cally  downstream  of  said  one  side  cavity  relative  to 
the  electric  field  strength  in  cavities  electromag-  20 
netically  upstream  of  said  one  side  cavity. 

2.  A  method  as  claimed  in  Claim  1  further 
including  adjusting  the  frequency  of  a  second  side 
cavity  by  a  symmetric  adjustable  tuning  plunger 
so  it  is  not  resonant  with  the  electromagnetic  25 
wave,  a  side  cavity  adjacent  said  second  side 
cavity  being  resonant  with  the  electromagnetic 
wave,  the  second  non-resonant  side  cavity  caus- 
ing:  (a)  a  change  in  the  normal  fixed  phase  shift  of 
the  main  cavities  adjacent  said  second  side  cavity,  30 
and  (b)  a  decrease  in  electric  field  strength  in 
cavities  electromagnetically  downstream  of  said 
second  side  cavity  relative  to  the  electric  field 
strength  in  cavities  electromagnetically  upstream 
of  said  second  side  cavity.  35 

3.  A  linear  standing  wave  charged  particle  beam 
accelerator  comprising  a  beam  source  of  the 
particles,  plural  cascaded  standing  wave  elec- 
tromagnetically  coupled  main  cavities  with 
approximately  the  same  resonant  frequency  and  40 
side  cavities,  the  main  cavities  being  positioned  so 
that  the  particle  beam  propagates  longitudinally 
through  them,  adjacent  ones  of  the  main  cavities 
being  electromagnetically  coupled  to  a  common 
side  cavity,  and  means  for  coupling  the  main  45 
cavities  to  be  responsive  to  an  electromagnetic 
wave  having  a  frequency  that  is  approximately 
resonant  with  the  resonant  frequency  of  the  main 
cavities  so  that  there  is  normally  a  fixed  phase  shift 
of  the  electromagnetic  energy  in  adjacent  main  so 
cavities,  the  resonant  frequency  of  one  side  cavity 
being  arranged  by  a  symmetric  adjustable  tuning 
plunger  so  it  is  not  resonant  with  the  elec- 
tromagnetic  wave  and  so  that  a  side  cavity  adja- 
cent  said  one  side  cavity  is  resonant  with  the  55 
electromagnetic  wave,  the  one  non-resonant  side 
cavity  causing:  (a)  a  change  in  the  normal  fixed 
phase  shift  of  the  main  cavities  adjacent  said  one 
side  cavity,  and  (b)  a  decrease  in  electric  field 
strength  in  cavities  electromagnetically  down-  eo 
stream  of  the  said  one  side  cavity  relative  to  the 
electric  field  strength  in  cavities  electromagneti- 
cally  upstream  of  said  one  side  cavity. 

4.  The  linear  standing  wave  particle  beam 
accelerator  of  Claim  3  further  including  a  second  65 
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Feldstarke  in  von  der  besagten  zweiten  Seitenka- 
vitat  elektromagnetisch  stromaufwarts  gelegenen 
Kavitaten  bewirkt. 

5.  Linearer  Teilchenstrahl-Beschleuniger  vom 
Stehwellen-Typ  nach  Anspruch  3,  wobei  die 
Kopplungsmittel  mit  einer  Hauptkavitat  verbun- 
den  sind,  wo  derTeilchenstrahl  von  der  besagten 
einen  Seitenkavitat  stromaufwarts  gelegen  ist. 

6.  Linearer  Teilchenstrahl-Beschleuniger  vom 
Stehwellen-Typ  nach  Anspruch  3,  wobei  die 
Seitenkavitat  mehrere  dominante  Frequenzen 
aufweist,  wovon  eine  der  besagten  dominanten 
Frequenzen  annahernd  resonant  ist  mit  der  Fre- 
quenz  der  Quelle  fur  die  elektromagnetische 
Welle  und  jede  andere  dominante  Frequenz  aus- 
ser  der  besagten  einen  dominanten  Frequenz 
hinreichend  entfernt  ist  von  jeglicher  Frequenz 
der  Quelle  fiir  die  elektromagnetische  Welle  und 
mit  den  Kopplungsmitteln  zu  den  Hauptkavitaten 
koppelbar  ist,  urn  zu  vermeiden,  dass  die 
Seitenkavitaten  von  der  Wellenquelle  angeregt 
werden. 

Revendications 

1.  Une  methode  d'utilisation  d'un  accelerateur 
lineaire  a  faisceau  de  particules  chargees  ayant 
une  pluralite  de  cavites  principales  a  onde  station- 
naire  en  cascade,  couplees  electromagnetique- 
ment  avec  approximativement  la  mime  fre- 
quence  de  resonance,  et  des  cavites  laterales, 
adjacentes  aux  premieres  des  cavites  principales 
etant  couplees  electromagnetiquement  a  une 
cavite  laterale  commune,  comprenant  les  etages 
d'injection  d'un  faisceau  de  particules  dans  les 
cavites  principales,  de  fagon  que  la  faisceau  passe 
longitudinalement  a  travers  les  cavites  en  cas- 
cade,  les  cavites  etant  excitees  par  une  onde 
electromagnetique  ayant  une  frequence  qui  est 
approximativement  en  resonance  avec  la  fre- 
quence  de  resonance  des  cavites  principales,  de 
telle  maniere  que  I'energie  electromagnetique 
dans  les  cavites  principales  adjacentes  ait  norma- 
lement  un  dephasage  fixe,  la  frequence  de  reso- 
nance  d'une  cavite  laterale  etant  ajustee  par  un 
piston  d'accord  symetrique  ajustable,  afin  qu'elle 
ne  soit  pas  en  resonance  avec  I'onde  electroma- 
gnetique,  afin  qu'une  cavite  laterale  adjacente  a  la 
dite  premiere  cavite  laterale  soit  en  resonance 
avec  I'onde  electromagnetique,  la  premiere  cavite 
laterale  non  resonnante  provoquant:  (a)  une 
modification  du  dephasage  fixe  normal  de  la 
cavite  principale  adjacente  a  la  dite  premiere 
cavite  laterale,  et  (b)  une  diminution  du  champ 
electrique  dans  les  cavites  electromagnetique- 
ment  en  aval  de  la  dite  premiere  cavite  laterale 
relativement  au  champ  electrique  dans  les  cavites 
electromagnetiquement  en  amont  de  la  dite  pre- 
miere  cavite  laterale. 

2.  Une  methode  selon  la  revendication  1,  com- 
prenant  ensuite  en  ajustage  de  la  frequence  d'une 
seconde  cavite  laterale,  par  un  piston  d'accord 
symetrique  ajustable,  afin  qu'elle  ne  soit  pas  en 
resonance  avec  I'onde  electromagnetique,  une 
cavite  laterale  adjacente  a  la  dite  seconde  cavite 

Seitenkavitat  durch  einen  symmetrischen  einstell- 
baren  Abstimmkolben,  so  dass  sie  nicht  resonant 
ist  mit  der  elektromagnetischen  Welle,  dass  eine 
zu  der  besagten  zweiten  Seitenkavitat  benach- 
barte  Seitenkavitat  resonant  ist  mit  der  elektroma-  5 
gnetischen  Welle  und  dass  die  zweite  nicht  reso- 
nante  Seitenkavitat:  (a)  einen  Wechsel  in  der 
normalerweise  festen  Phasenverschiebung  derzu 
der  besagten  zweiten  Seitenkavitat  benachbarten 
Hauptkavitaten  bewirkt  und  (b)  eine  Verringerung  io 
der  elektrischen  Feldstarke  in  von  der  besagten 
zweiten  Seitenkavitat  elektromagnetisch  stro- 
mabwarts  gelegenen  Kavitaten  gegeniiber  der 
elektrischen  Feldstarke  in  von  der  besagten  zwei- 
ten  Seitenkavitat  elektromagnetisch  stromauf-  is 
warts  gelegenen  Kavitaten  bewirkt. 

3.  Ladungsteilchenstrahl-Linearbeschleuniger 
vom  Stehwellentyp,  gekennzeichnet  durch  eine 
Strahlquelle  fur  die  Teilchen,  eine  Anzahl  elektro- 
magnetisch  gekoppelter  Hauptkavitaten  fur  kas-  20 
kadierte  Strehwellen  mit  annahernd  derselben 
Resonanzfrequenz  und  Seitenkavitaten,  wobei  die 
Hauptkavitaten  so  positioniert  sind,  dass  der  Teil- 
chenstrahl  langs  durch  diese  hindurchgeht,  und 
wobei  benachbarte  Hauptkavitaten  elektroma-  25 
gnetisch  mit  einer  gemeinsamen  Seitenkavitat 
gekoppelt  sind  und  durch  Mittel  zum  Koppeln  der 
Hauptkavitat  in  Abhangigkeit  zu  einer  elektroma- 
gnetischen  Welle,  welche  eine  Frequenz  hat,  die 
naherungsweise  resonant  mit  der  Resonanzfre-  30 
quenz  der  Hauptkavitaten  ist,  so  dass  normaler- 
weise  eine  feste  Phasenverschiebung  der  elektro- 
magnetischen  Energie  in  benachbarten  Hauptka- 
vitaten  besteht,  und  dass  die  Resonanzfrequenz 
einer  Seitenkavitat  durch  einen  symmetrischen  35 
einstellbaren  Abstimmkolben  so  eingestellt  ist, 
dass  sie  nicht  resonant  ist  mit  der  elektromagneti- 
schen  Welle  und  so  dass  eine  zu  der  besagten 
Seitenkavitat  benachbarte  Seitenkavitat  resonant 
ist  mit  der  elektromagnetischen  Welle  und  wobei  40 
die  nicht  resonante  Seitenkavitat:  (a)  einen  Wech- 
sel  in  der  normalerweise  festen  Phasenverschie- 
bung  der  zu  der  besagten  einen  Seitenkavitat 
benachbarten  Hauptkavitaten  bewirkt  und  (b)  eine 
Verringerung  der  elektrischen  Feldstarke  in  von  45 
der  besagten  Seitenkavitat  elektromagnetisch 
stromabwarts  gelegenen  Kavitaten  gegeniiber 
der  elektrischen  Feldstarke  in  von  der  besagten 
Seitenkavitat  elektromagnetisch  stromaufwarts 
gelegenen  Kavitaten  bewirkt.  so 

4.  Linearer  Teilchenstrahl-Beschleuniger  vom 
Stehwellen-Typ  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dass  er  zusatzlich  eine  zweite 
Seitenkavitat  enthalt,  mit  einer  Resonanzfre- 
quenz,  welche  durch  einen  symmetrischen  ein-  55 
stellbaren  Abstimmkolben  so  eingestellt  ist,  dass 
sie  nicht  resonant  ist  mit  der  elektromagnetischen 
Welle,  wobei  die  zweite  nicht  resonante  Seitenka- 
vitat:  (a)  einen  Wechsel  in  der  normalerweise 
festen  Phasenverschiebung  der  zu  der  besagten  60 
zweiten  Seitenkavitat  benachbarten  Hauptkavita- 
ten  bewirkt  und  (b)  eine  Verringerung  der  elektri- 
schen  Feldstarke  in  von  der  besagten  zweiten 
Seitenkavitat  elektromagnetisch  stromabwarts 
gelegenen  Kavitaten  gegenuber  der  elektrischen  65 
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magnetiquement  en  aval  de  la  dite  premiere 
cavite  laterale  relativement  au  champ  electrique 
dans  les  cavites  electromagnetiquement  en 
amont  de  la  dite  premiere  cavite  laterale. 

4.  Un  accelerateur  de  faisceau  de  particules 
lineaire  a  onde  staionnaire  selon  la  revendication 
3,  comprenant  ensuite  une  seconde  cavite  laterale 
ayant  une  frequence  de  resonance  ajustee  par  un 
piston  d'accord  symetrique  ajustable,  afin  qu'elle 
ne  soit  pas  en  resonance  avec  I'onde  electroma- 
gnetique,  la  seconde  cavite  laterale  non  reson- 
hante  provoquant:  (a)  une  modification  du  depha- 
sage  fixe  normal  de  la  cavite  principale  adjacente 
a  la  dite  seconde  cavite  laterale,  et  (b)  une 
diminution  du  champ  electrique  dans  les  cavites 
electromagnetiquement  en  aval  de  la  dite 
seconde  cavite  laterale  relativement  au  champ 
electrique  dans  les  cavites  electromagnetique- 
ment  en  amont  de  la  dite  seconde  cavite  laterale. 

5.  Un  accelerateur  de  faisceau  de  particules 
lineaire  a  onde  stationnaire  selon  la  revendication 
3,  dans  lequel  les  moyens  de  couplage  sont 
connectes  a  une  cavite  principale  dans  laquelle  le 
faisceau  de  particules  est  en  amont  de  la  dite 
premiere  cavite  laterale. 

6.  Un  accelerateur  de  faisceau  de  particules 
lineaire  a  onde  stationnaire  selon  la  revendication 
3,  dans  lequel  la  cavite  laterale  a  une  pluralite  de 
frequences  fondamentales,  I'une  des  dites  fre- 
quences  fondamentales  etant  approximativement 
en  resonance  avec  la  frequence  de  la  source 
d'onde  electromagnetique,  chaque  frequence 
fondamentale  autre  que  celle  de  la  dite  premiere 
frequence  fondamentale  etant  suffisamment 
ecartee  de  chaque  frequence  de  la  source  d'onde 
electromagnetique  capable  d'etre  couplee  par  les 
moyens  de  couplage  aux  cavites  principales,  afin 
d'empecher  que  la  cavite  laterale  ne  soit  excitee 
par  la  source  d'onde. 

laterale  etant  en  resonance  avec  I'onde  electro- 
magnetique,  la  seconde  cavite  laterale  non  reson- 
nante  provoquant:  (a)  une  modification  du  depha- 
sage  fixe  normal  de  la  cavite  principale  adjacente 
a  la  dite  seconde  cavite  laterale,  et  (b)  une  5 
diminution  du  champ  electrique  dans  les  cavites 
electromagnetiquement  en  aval  de  la  dite 
seconde  cavite  laterale  relativement  au  champ 
electrique  dans  les  cavites  electromagnetique- 
ment  en  amont  de  la  dite  seconde  cavite  laterale.  to 

3.  Un  accelerateur  de  faisceau  de  particules 
chargees  lineaire  a  onde  stationnaire  comprenant 
une  source  de  faisceau  de  particules,  une  pluralite 
de  cavites  pricipales  a  onde  stationnaire  en  cas- 
cade,  couplees  electromagnetiquement  avec  is 
approximativement  la  meme  frequence  de  reso- 
nance  et  des  cavites  laterales,  les  cavites  princi- 
pales  etant  disposees  afin  que  le  faisceau  de 
particules  se  propage  longitudinalement  a  travers 
elles,  adjacentes  aux  premieres  des  cavites  princi-  20 
pales,  etant  electromagnetiquement  couplees  a 
une  cavite  laterale  commune,  et  des  moyens  de 
couplage  des  cavites  principales  afin  qu'elles 
repondent  a  une  onde  electromagnetique  ayant 
une  frequence  qui  est  approximativement  en  25 
resonance  avec  la  frequence  de  resonance  des 
cavites  principales  de  telle  maniere  que  l'energie 
electromagnetique  dans  les  cavites  principale 
adjacentes  ait  normalement  un  dephasage  fixe,  la 
frequence  de  resonance  d'une  cavite  laterale  30 
etant  ajustee  par  un  piston  d'accord  symetrique 
ajustable,  afin  qu'elle  ne  soit  pas  en  resonance 
avec  I'onde  electromagnetique,  et  afin  qu'une 
cavite  laterale  adjacente  a  la  dite  premiere  cavite 
laterale  soit  en  resonance  avec  I'onde  electroma-  35 
gnetique,  la  premiere  cavite  laterale  non  reson- 
nante  provoquant:  (a)  une  modification  du  depha- 
sage  fixe  normal  de  la  cavite  principale  adjacent  a 
la  dite  premiere  cavite  laterale,  et  (b)  une  diminu- 
tion  du  champ  electrique  dans  les  cavites  electro-  40 
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