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Description 

The  present  invention  relates  to  an  extremely 
high  frequency  oscillator  according  to  the  first  part 
of  claim  1  and,  more  particularly  to  an  extremely 
high  frequency  oscillator  having  a  high  frequency 
circuit  assembly  comprising  a  resonant  cavity  and 
a  waveguide,  wherein  each  of  electrons  gyrating 
within  a  DC  magnetic  field  interacts  with  TE-mode 
electromagnetic  waves  propagating  within  the  high 
frequency  circuit  assembly,  thereby  to  oscillate 
electromagnetic  waves  having  wavelengths  in  the 
order  of  millimeters  to  sub-millimeters. 

Such  an  oscillator  is  known  from  JP-A- 
60115132,  the  patent  abstract  of  which  will  be 
discussed  later 

One  of  the  known  electron  tubes  of  this  type  is 
a  peniotron.  As  is  disclosed  in  Japanese  Patent 
Publication  No.  45-35334  and  Japanese  Patent  Dis- 
closure  No.  61-273833,  a  peniotron  is  a  high  power 
electron  tube  which  comprises  a  high  frequency 
circuit  assembly  and  oscillates  or  amplifies  elec- 
tromagnetic  waves  by  virtue  of  the  phase-separa- 
tion  effect  resulting  from  the  interaction  between 
electrons  gyrating  within  a  DC  magnetic  field  and 
the  electromagnetic  waves  propagating  within  the 
circuit  assembly. 

The  peniotron  utilizes  the  effect  resulting  from 
the  movements  of  guiding  centers  around  which 
electrons  gyrate  in  a  spatially  non-uniform,  high 
frequency  electromagnetic  field.  Each  electron  is 
alternately  accelerated  and  decelerated  every  time 
it  gyrates  around  the  guiding  center.  The  accelera- 
tions  and  decelerations  of  each  electron  are  gradu- 
ally  accumulated.  In  this  interaction,  the  successive 
deceleration  is  stronger  than  the  previous  accelera- 
tion.  A  kinetic  energy  of  each  electron  correspond- 
ing  to  accumulated  deceleration  is  converted  into 
the  high  frequency  electromagnetic  energy.  The 
essential  feature  of  the  operating  mechanism  of  the 
peniotron  is  the  energy  exchange  between  the  in- 
dividual  electrons  and  the  high  frequency  elec- 
tromagnetic  field.  The  operating  mechanism  of  the 
peniotron  are  basically  different  from  that  of  the 
klystron  or  the  gyrotron  in  which  the  electromag- 
netic  field  is  amplified  or  oscillated  because  a 
bunching  of  electrons  interacts  with  the  electro- 
magnetic  field.  Hence,  the  peniotron  can  perform 
an  operation  wherein  electrons  act,  independent  of 
a  phase  relationship  between  the  electrons  and  the 
high  frequency  electromagnetic  field.  All  of  the 
electrons  are  therefore  trapped  within  the  decelera- 
tion  electric  field  of  the  electromagnetic  waves  due 
to  the  phase-separation  effect.  In  theory,  all  gyrat- 
ing  kinetic  energy  of  the  electrons  can  be  con- 
verted  into  the  energy  of  the  electromagnetic 
waves.  In  view  of  this,  the  efficiency  of  the  energy 
conversion,  from  the  electrons  to  the  electromag- 

netic  waves,  can  be  expected  to  be  extremely  high. 
The  conventional  oscillator,  described  above, 

cannot  convert  the  kinetic  energy  acting  in  the 
longitudinal  direction  of  the  tube  into  the  energy  of 

5  electromagnetic  waves.  It  is  impossible  with  the 
prior-art  oscillator  to  increase  the  energy-conver- 
sion  efficiency  to  a  near-100%  value,  unless  the 
oscillator  is  equipped  with  a  perfect  depressed 
collector.  Another  problem  with  the  conventional 

io  oscillator  is  that,  the  higher  the  frequency  of  the 
electromagnetic  waves,  the  smaller  the  resonant 
cavity  and  waveguide  of  the  high  frequency  circuit 
assembly  should  be.  The  smaller  the  resonant  cav- 
ity  and  the  waveguide,  the  lower  the  withstand 

75  electric  power,  because  a  permissible  electric  pow- 
er  loss  of  the  circuit  is  restricted.  Further,  the 
oscillator  requires  an  intense  DC  magnetic  field, 
and  the  frequency  of  the  electromagnetic  waves  is 
limited.  The  oscillators,  developed  thus  far,  can 

20  output  10  kW  at  an  operating  frequency  of  45  GHz 
at  best. 

Prior  art  document  PATENT  ABSTRACTS  OF 
JAPAN,  Vol.  9,  No.  270  (E-353)  (1993),  26  October 
1985  &  JP-A-60  115  132  (NIPPON  DENKI  K.K.),  21 

25  June  1985,  discloses  a  ultrahigh  frequency  electron 
tube  wherein  a  high  frequency  circuit  contains  a 
cylindrical  cavity  resonator  that  resonates  in  TE021 
mode  at  the  operating  frequency  of  the  tube,  at  its 
center.  An  electron  gun  side  has  a  small  diameter 

30  section  so  that  the  TE02  mode  can  be  cut  off  and  a 
connector  side  has  a  large  diameter  so  that  the 
TE02  mode  can  be  propagated.  In  addition,  by 
adjusting  a  solenoid  so  that  the  cyclotron  angular 
frequency  o>c  of  the  spiral  movement  of  an  electron 

35  beam  for  the  Doppler-shifted  angular  frequency  01 
of  the  TE021  mode  electromagnetic  wave  of  the 
circular  cylindrical  cavity  resonator  can  satisfy  a 
formula  01  =  (2n-1)coc,  an  intense  interaction  occurs 
between  the  electron  beam  and  the  TE021  mode 

40  electromagnetic  wave  of  the  cylindrical  cavity  reso- 
nator  and  the  kinetic  energy  of  the  electron  beam 
is  converted  into  electric  energy  and  then  a  high 
power  electromagnetic  wave  is  generated. 

It  is  an  object  of  the  present  invention  to  pro- 
45  vide  a  high-power,  extremely  high  frequency  os- 

cillator  which  satisfies  auto-resonant  conditions  re- 
quired  for  oscillating  high  frequency  electromag- 
netic  waves,  has,  therefore,  a  energy-conversion 
efficiency  as  high  as  a  theoretical  energy-conver- 

50  sion  efficiency  of  the  peniotron,  and  can  oscillate 
electromagnetic  waves  having  wavelengths  in  the 
order  of  millimeters  to  sub-millimeters. 

To  solve  this  object  the  present  invention  pro- 
vides  an  extremely  high  frequency  oscillator  as 

55  specified  in  claim  1  . 
The  dependent  claims  describe  particular  em- 

bodiments  of  the  invention 
There  is  provided  an  extremely  high  frequency 
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oscillator,  in  which  each  of  gyrating  electrons,  i.e., 
circulating  and  traveling  electrons  and  TE-mode 
electromagnetic  waves  interact  within  a  high  fre- 
quency  circuit  assembly,  satisfying  auto-resonant 
conditions  when  the  phase  velocity  Vp  of  the 
waves  is  equal  to,  or  nearly  equal  to,  the  light 
velocity  c.  The  high  frequency  circuit  assembly 
comprises  a  resonant  cavity  and  a  propagating 
waveguide  connected  to  the  downstream-end  of 
the  cavity.  The  high  frequency  power  being  os- 
cillated  in  the  cavity  is  sufficiently  suppressed  to  a 
value  less  than  that  of  the  high  frequency  power 
being  output  from  the  waveguide.  The  extremely 
high  frequency  oscillator  of  this  invention  is  named 
as  an  auto-resonant  peniotron  in  this  specification. 

The  oscillator  performs  a  preliminary,  low-pow- 
er  oscillation  within  the  auto-resonant  cavity.  More 
specifically,  electrons  interact  in  the  cavity  to  a 
relatively  low  degree,  with  a  TE-mode  electromag- 
netic  field  propagating  along  the  beam.  Accord- 
ingly,  reflection  electromagnetic  waves  produced  in 
the  cavity  does  not  affect  the  auto-resonant  con- 
ditions  so  that  the  auto-resonant  conditions  are 
always  maintained.  The  behavior  variations  of  the 
electrons  are  suppressed.  The  oscillating  power 
level  in  the  cavity  can  be  set  by  selecting  Q  value 
of  the  cavity.  A  beam  of  the  electrons  passing 
through  the  cavity  and  the  electromagnetic  waves 
are  emerged  in  the  propagating  waveguide.  In  the 
waveguide,  the  beam  and  the  wave  interact  while 
maintaining  the  auto-resonant  conditions.  There- 
fore,  not  only  the  circulating  kinetic  energy  of  the 
electrons,  but  also  the  traveling  kinetic  energy  of 
the  electrons  serve  to  intensify  the  electromagnetic 
field  within  the  propagating  waveguide.  Hence,  the 
oscillator  has  a  high  energy-conversion  efficiency. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  schematic  representation  of  a 
peniotron  according  to  the  present  invention; 
Fig.  2  is  a  graph  explaining  how  the  kinetic 
energy  of  electrons  change  as  the  electrons 
travel  within  the  propagating  waveguide  shown 
in  Fig.  1,  in  the  axial  direction  of  the  oscillator; 
Fig.  3  is  a  graph  representing  the  relationship 
between  the  oscillating  power  in  the  resonant 
cavity  of  the  peniotron  and  the  energy-conver- 
sion  efficiency  of  the  peniotron;  and 
Figs.  4,  5,  and  6  are  also  graphs  showing  the 
operating  characteristic  of  another  peniotron  ac- 
cording  to  the  present  invention. 
An  embodiment  of  the  invention  will  now  be 

described  in  detail,  with  reference  to  the  accom- 
panying  drawings. 

Fig.  1  schematically  illustrates  a  peniotron, 
which  is  an  embodiment  of  the  present  invention. 

As  is  shown  in  Fig.  1,  the  peniotron  comprises  an 
electron  gun  assembly  11,  a  beam-guiding  section 
12  coupled  to  the  gun  assembly  11,  and  a  resonant 
cavity  section  13  connected  to  the  beam-guiding 

5  section  12.  The  electron  gun  assembly  11  extends 
in  the  axis  z  of  the  peniotron.  The  section  12 
guides  the  electron  beam  emitted  from  the  assem- 
bly  11  into  the  resonance  cavity  section  13. 

The  peniotron  further  comprises  a  propagating 
io  wave  guide  14  connected  to  the  downstream  end 

of  the  section  13,  a  collector  section  15  coupled  to 
the  output  end  of  the  waveguide  14,  and  an  output 
waveguide  17  coupled  to  the  output  end  of  the 
collector  15.  The  propagating  waveguide  14  has  a 

is  similar  cross  section  as  the  resonant  cavity  section 
13  and  the  collector  section  15  is  designed  to 
collect  electrons.  A  window  16,  which  is  a  dielectric 
member,  is  located  within  the  junction  between  the 
collector  section  15  and  the  output  waveguide  17, 

20  and  attached  in  airtight  fashion  to  the  inner  surface 
of  the  junction. 

The  peniotron  further  comprises  three  solenoid 
coil  units  18,  19,  and  20.  The  coil  units  18  and  19 
surround  the  electron  gun  assembly  11.  The  coil 

25  unit  20  surrounds  both  the  resonance  cavity  sec- 
tion  13  and  the  propagating  waveguide  14. 

The  electron  gun  assembly  11  has  a  cathode 
21  and  an  accelerating  anode  22.  The  cathode  21 
emits  electrons  from  its  circumferential  region 

30  when  it  is  heated.  The  anode  22  accelerates  the 
electrons  emitted  from  the  cathode  21  .  As  a  result, 
the  electron  gun  assembly  1  1  emits  a  hollow  elec- 
tron  beam  e.  The  solenoid  coil  units  18  and  19, 
both  surrounding  the  electron  gun  assembly  11, 

35  generate  DC  magnetic  fields  having  predetermined 
intensities.  Due  to  these  DC  magnetic  fields,  each 
electron  of  the  hollow  electron  beam  e  is  gyrated. 
The  solenoid  coil  unit  20  generates  a  DC  magnetic 
field  having  a  predetermined  intensity  and  extend- 

40  ing  almost  parallel  to  the  axis  z  of  the  peniotron, 
which  causes  the  electrons  of  the  electron  beam  e 
to  gyrate  at  predetermined  cycle.  The  resonant 
cavity  section  13  and  the  propagating  waveguide 
14  has  an  inner  diameter  far  greater  than  the  wave 

45  length  of  the  electromagnetic  waves  oscillated  in 
the  peniotron.  This  enables  the  electromagnetic 
waves  of  a  predetermined  mode  to  propagate 
through  the  waveguide  14  at  a  phase  velocity  Vp 
which  is  nearly  equal  to  light  velocity  c.  As  a  result, 

50  the  interior  of  the  cavity  and  waveguide  remains 
under  auto-resonant  conditions.  The  electromag- 
netic  waves  oscillated  in  the  peniotron  shown  in 
Fig.  1  has  a  predetermined  mode  in  which  a  high 
frequency  electric  field  is  more  intense  in  a  region 

55  remote  from  the  gyrating  center  around  which  the 
electron  circulates,  than  in  a  region  close  to  that 
center.  Examples  of  such  modes  are:  the  TE11 
mode  for  a  waveguide  having  a  rectangular  cross 

3 



5 EP  0  367  155  B1 6 

section,  and  TE21  mode  for  a  waveguide  having  a 
circular  cross  section. 

The  interaction  occurs  in  the  resonant  cavity 
section  13  between  the  gyrating  electron  and  the 
electromagnetic  waves  of  a  specified  mode.  This 
electron-wave  interaction  imparts  part  of  the  kinetic 
energy  of  the  electron  to  the  electromagnetic  wave. 
Electromagnetic  waves  of  specific  strength  and 
mode  are  thereby  oscillated.  The  electromagnetic 
waves  thus  oscillated  propagates  and  the  electron 
beam  travels  from  the  resonance  cavity  13  into  the 
waveguide  14.  In  the  waveguide  14,  the  waves 
interact  with  the  electron  beam  and  are  intensified 
or  amplified. 

The  peniotron,  which  operates  as  has  been 
described,  can  convert  the  kinetic  energy  of  the 
electrons  to  the  energy  of  electromagnetic  waves 
with  a  high  efficiency.  It  will  be  explained  how  the 
peniotron  achieves  a  high  energy-conversion  effi- 
ciency. 

As  has  been  pointed  out,  the  kinetic  energy  of 
the  electron  beam  is  converted  into  that  of  elec- 
tromagnetic  waves  in  two  steps.  First,  part  of  the 
kinetic  energy  is  imparted  to  the  electromagnetic 
waves  within  the  resonant  cavity  section  13.  Then, 
the  rest  of  the  energy  is  imparted  to  the  elec- 
tromagnetic  waves  within  the  propagating 
waveguide  14  connected  to  the  downstream  end  of 
the  resonant  cavity  section  13.  Fig.  2  shows  the 
relationship  between  the  kinetic  energy  Eel  of  the 
electron  beam  and  the  position  within  the 
waveguide  14,  the  relationship  having  been  deter- 
mined  by  computer  simulation  wherein  the  mode 
TE21  was  selected  for  the  waveguide  14  and  auto- 
resonant  conditions  were  set.  Fig.  2  illustrates  how 
the  average  kinetic  energy  of  24  sample  electrons 
having  different  incidence  phases  in  respect  to  the 
TE  mode  changes  as  they  travel  through  the 
waveguide  14  along  the  axis  z  thereof,  toward  the 
output  end  of  the  waveguide  14.  As  the  curve 
shown  in  Fig.  2  indicates,  all  gyrating  electrons 
forming  the  beam  impart  their  respective  energies 
to  the  electromagnetic  waves  and  then  lose  energy 
--  substantially  at  the  same  time,  as  if  a  single 
electron  gave  great  energy  to  the  electromagnetic 
waves  and  lost  its  energy.  As  is  evident  from  Fig. 
2,  the  peniotron  achieved  a  maximum  energy-con- 
version  efficiency  of  95%.  As  the  results  of  the 
computer  simulation  suggest,  the  peniotron  shown 
in  Fig.  1  can  convert  the  kinetic  energy  of  an 
electron  beam  to  that  of  electromagnetic  waves 
with  an  efficiency  which  is  nearly  equal  to  100%,  if 
the  peniotron  is  maintained  under  an  optimum  op- 
eration  condition. 

This  high  energy-conversion  efficiency  could 
not  be  attained  if  all  kinetic  energy  of  the  electron 
beam  were  converted  into  high  frequency  energy 
corresponding  to  the  whole  output  power  of  the 

peniotron,  in  the  cavity  section  13  only.  The  in- 
ventors  hereof  conducted  a  computer  simulation  to 
determine  the  efficiency  at  which  all  kinetic  energy 
of  the  beam  could  be  converted  to  high  frequency 

5  energy  in  the  resonance  cavity  section  13  only. 
The  results  of  this  simulation  was  a  conversion 
efficiency  of  67%  at  most.  This  is  because  no  auto- 
resonant  conditions  can  be  set  within  the  cavity 
section  13.  More  precisely,  this  is  because,  as  the 

io  electrons  interact  with  the  electromagnetic  waves  in 
only  the  resonant  cavity  section  13,  their  kinetic 
energies  are  non-uniformly  decreased  by  the  re- 
flection  waves  generated  in  the  cavity  section  13 
so  that  the  the  kinetic  energies  of  the  electrons  can 

is  not  uniformly  converted  into  the  electromagnetic 
wave.  Thus,  it  is  confirmed  by  the  inventors  that 
the  non-uniformity  of  the  kinetic  energies  is  pro- 
duced  after  the  almost  of  the  kinetic  energy  has 
been  converted  into  the  electromagnetic  energy 

20  and  the  electrons  have  decreased  kinetic  energies. 
In  the  oscillator  shown  in  Fig.  1,  the  elec- 

tromagnetic  wave  is  oscillated  in  the  cavity  at  low 
power  and  the  the  reminders  of  the  kinetic  energies 
are  almost  converted  into  the  electromagnetic  wave 

25  in  the  waveguide  section  14.  Accordingly,  it  is 
possible  that  the  oscillator  has  a  high  energy-con- 
version  efficiency,  as  shown  in  Fig.  2. 

Fig.  3  is  a  graph  representing  the  relationship 
between  the  energy-conversion  efficiency  r\  and  the 

30  power  oscillated  in  the  resonance  cavity  section  13, 
the  relationship  being  the  results  of  the  computer 
simulation.  In  this  simulation,  the  target  high  fre- 
quency  power  was  set  at  about  6.4  MW.  As  can  be 
understood  from  Fig.  3,  the  energy-conversion  effi- 

35  ciency  can  be  maintained  over  90%  when  the  8% 
or  less,  or  preferably  4%  or  less  (needless  to  say, 
not  0%),  of  the  target  output  power  is  oscillated 
within  the  resonance  cavity  section  13. 

Apart  from  the  high  energy-conversion  efficien- 
40  cy,  the  peniotron  shown  in  Fig.  1  has  other  advan- 

tages.  First,  it  can  have  a  greater  tube-diameter 
than  the  prior-art  peniotron,  since  the  electron  inter- 
acts  with  the  electromagnetic  waves  under  the 
auto-resonant  conditions,  in  the  high  frequency  cir- 

45  cuit  assembly  comprising  the  resonance  cavity 
section  13  and  the  propagating  waveguide  14.  Sec- 
ondly,  it  needs  only  a  DC  magnetic  field  which  is 
far  less  intense  than  is  required  in  the  prior-art 
peniotron  to  oscillate  electromagnetic  waves  at  the 

50  same  frequency,  from  a  high-power  electron  beam. 
Therefore,  the  peniotron  can  oscillate  electromag- 
netic  waves,  even  at  wavelengths  in  the  sub-mil- 
limeter  order,  with  high  efficiency. 

The  present  invention  is  not  limited  to  the 
55  embodiment  illustrated  in  Fig.  1.  For  instance,  the 

solenoid  coil  unit  20  can  be  replaced  by  a  plurality 
of  solenoid  units  which  are  arranged  along  the  axis 
z  of  the  peniotron.  In  this  case,  the  coil  units 

4 
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generate  magnetic  fields  whose  intensities  differing 
such  that  these  magnetic  fields  form  a  DC  mag- 
netic  field  extending  along  the  axis  z  and  having  a 
tapered  intensity  distribution  Bz  at  the  downstream 
side  of  the  waveguide  14  as  shown  in  Figs.  4,  5 
and  6.  In  the  actual  waveguide,  it  is  confirmed  that 
the  phase  velocity  Vp  of  the  electromagnetic  wave 
is  more  greater  than  the  light  velocity  c.  Thus,  in 
the  conventional  peniotron,  the  ideal  auto-resonant 
conditions  can  not  be  obtained.  However,  the  auto- 
resonant  condition  can  be  obtained  if  the  DC  mag- 
netic  field  has  the  tapered  intensity  distribution 
according  to  the  embodiment  of  the  invention.  Ac- 
cordingly,  this  embodiment  can  also  attain  a  suffi- 
ciently  high  energy-conversion  efficiency,  as  will  be 
understood  from  Figs.  4,  5  and  6  which  represent 
the  results  of  the  simulation  conducted  by  the 
inventors. 

In  the  simulation,  the  phase  velocity  Vp  was 
set  at  1.05  times  the  light  velocity  c,  the  TE21 
mode  was  selected,  and  the  oscillation  frequency 
and  the  acceleration  voltage  were  set  at  200  GHz 
and  1  MV,  respectively.  Further,  the  ratio  of  the 
velocity  at  which  the  electrons  are  circulated,  to  the 
velocity  at  which  they  moved  in  the  axis  z  was 
selected  to  be  1.109,  and  the  intensity  of  the  mag- 
netic  field  in  the  upstream  end  of  the  waveguide 
and  the  inner  diameter  of  the  waveguide  were  set 
at  8.41  Tesla  and  2.39  mm,  respectively. 

Fig.  4  illustrates  how  the  high  frequency  power 
P  and  the  DC  magnetic  field  Bz  are  distributed  in 
the  waveguide  14  when  the  high  frequency  power 
supplied  to  the  waveguide  14  from  the  cavity  13  is 
1  kW.  Similarly,  Fig.  5  shows  how  the  power  P  and 
the  magnetic  field  Bz  are  distributed  in  the 
waveguide  14  when  the  high  frequency  power  sup- 
plied  to  the  waveguide  14  from  the  cavity  13  is  10 
kW.  Fig.  6  represents  how  the  power  P  and  the 
magnetic  field  are  distributed  in  the  waveguide  14 
when  the  high  frequency  power  supplied  to  the 
waveguide  14  from  the  cavity  13  is  100  kW.  More 
specifically,  in  each  of  these  figures,  intensity 
curves  1  ,  2,  and  3  indicate  the  intensity  distribution 
of  the  DC  magnetic  field  Bz  which  are  set  when  the 
electron-beam  current  is  1  A,  10  A,  and  is  100  A, 
respectively.  Further,  in  each  of  Figs.  4,  5,  and  6, 
power  curves  1  ,  2,  and  3  represent  the  distributions 
of  the  high  frequency  power  P  which  are  calculated 
from  the  intensity  distributions  when  the  electron- 
beam  current  is  1  A,  10  A,  and  is  100  A,  respec- 
tively. 

As  can  be  seen  from  Figs.  4,  5,  and  6,  the  high 
frequency  power  P  increases  as  the  electron  beam 
travels  toward  downstream-end  of  the  waveguide. 
This  is  because  the  DC  magnetic  field  is  main- 
tained  at  substantially  constant  level  in  the  up- 
stream  portion  of  the  waveguide  14  and  gradually 
decreased  in  the  downstream  portion  of  the 

waveguide  14.  The  magnetic  field  is  held  almost  at 
substantially  constant  level  in  the  upstream  portion 
of  the  waveguide  in  which  the  electron  beam  inter- 
acts  within  the  electromagnetic  waves  to  a  low 

5  degree.  By  contrast,  the  magnetic  field  is  de- 
creased  gradually  in  the  downstream  portion  in 
which  the  interaction  between  the  beam  and  the 
electromagnetic  waves  is  increased  and  the  auto- 
resonant  conditions  which  are  changed  due  to  the 

io  changes  of  the  electron  mass  and  the  velocity  of 
the  electrons,  are  corrected  by  the  tapered  distribu- 
tion  1  ,  2  or  3  of  the  curve  Bz.  Hence,  the  peniotron 
according  to  the  second  embodiment  can  also  at- 
tain  a  high  energy-conversion  efficiency  and  output 

is  a  high  frequency  power. 
As  has  been  explained,  the  peniotron  accord- 

ing  to  invention  comprises  a  high  frequency  circuit 
assembly  having  a  resonant  cavity  section  and  a 
propagating  waveguide  connected  to  the  down- 

20  stream  end  of  the  resonance  cavity  section.  In  the 
circuit  assembly,  electron  gyrates,  and  electromag- 
netic  waves  are  oscillated  and  amplified.  The  elec- 
trons  and  the  waves  interact,  while  satisfying  con- 
ditions  required  for  auto-resonance.  More  specifi- 

25  cally,  the  electron  beam  interacts  with  the  elec- 
tromagnetic  waves  to  a  low  degree  in  the  cavity 
and  the  upstream  portion  of  the  waveguide,  gen- 
erating  a  high  frequency  power  of  a  value  far  less 
than  the  target  value,  and  then  interacts  with  the 

30  waves  to  a  sufficient  degree  in  the  downstream 
portion  of  the  waveguide,  thereby  generating  a  high 
frequency  power  of  the  target  value.  It  is  possible 
that  both  the  resonant  cavity  section  and  the  propa- 
gating  waveguide  have  inner  diameter  greater  than 

35  those  of  their  counterpart  incorporated  in  the  con- 
ventional  peniotron.  Due  to  the  two-step  interaction 
between  the  electron  beam  and  the  electromag- 
netic  waves,  and  also  the  use  of  the  resonant 
cavity  section  and  the  waveguide,  either  having  a 

40  large  inner  diameter,  the  peniotron  according  to  the 
invention  can  convert  an  electron  beam  into  a  high 
frequency  high  power  with  high  energy-conversion 
efficiency. 

45  Claims 

1.  An  extremely  high  frequency  oscillator  com- 
prising: 

-  beam-generating  means  (11,  21,  22)  for 
50  generating  an  electron  beam  of  electrons 

(e)  and  directing  the  electrons  (e)  in  a 
predetermined  direction; 

-  means  (18,  19,  22)  for  applying  a  DC 
magnetic  field  to  the  electrons  (e)  gen- 

55  erated  by  said  beam-generating  means 
(11,  21  ,  22),  thereby  causing  each  of  the 
electrons  (e)  to  gyrate  along  the  pre- 
determined  direction; 

5 
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-  energy-converting  means  (13)  for  caus- 
ing  the  electrons  (e)  to  interact  with  elec- 
tromagnetic  waves,  thereby  to  convert 
kinetic  energy  of  the  gyrating  electrons 
(e)  into  energy  of  the  electromagnetic  5 
waves,  said  energy-converting  means 
(13)  including  a  resonant  cavity  section 
(13)  and  a  propagating  waveguide  sec- 
tion  (14)  connected  to  the  resonant  cavity 
section  (13),  the  electrons  (e)  interacting  10 
with  electromagnetic  wave  of  TE  mode  in 
the  resonant  cavity  and  propagating 
wave  guide  sections  (13,  14),  thereby  to 
convert  kinetic  energy  of  the  gyrating 
electrons  (e)  into  energy  of  the  elec-  is 
tromagnetic  waves; 

-  electron-collecting  means  (15)  for  collect- 
ing  the  electrons  (e);  and 

-  guiding  means  for  guiding  the  electro- 
magnetic  waves,  which  includes  an  out-  20 
put  waveguide  section  (17)  and  a  window 
section  (16)  connected  between  the 
propagating  waveguide  section  (14)  and 
the  output  waveguide  section  (17); 

characterized  in  that  25 
-  said  waveguide  section  (14)  has  a  similar 

cross  section  as  that  of  the  resonant  cav- 
ity  section  (13), 

-  auto-resonant  conditions  are  preserved  in 
the  cavity  and  waveguide  sections  (13,  30 
14), 

-  the  electromagnetic-wave  is  oscillated  in 
said  resonant  cavity  section  (13)  and  am- 
plified  in  the  waveguide  section  (14)  and 

-  the  power  of  the  electromagnetic  wave  35 
oscillated  in  said  resonance  cavity  sec- 
tion  (13)  is  8  %  or  less,  but  not  0  %,  of 
the  electromagnetic  wave  power  output 
from  said  propagating  waveguide  (14). 

40 
2.  The  extremely  high  frequency  oscillator  ac- 

cording  to  claim  1  ,  characterized  in  that  the  DC 
magnetic  field  extends  through  said  propagat- 
ing  waveguide  section  (14)  and  becomes  less 
intense  gradually  toward  the  output  end  thereof  45 
at  the  downstream  side  of  the  electron  beam 
(e). 

3.  The  extremely  high  frequency  oscillator  ac- 
cording  to  claim  1,  characterized  in  that  said 
beam-generating  means  (11,  21  ,  22)  generates 
a  hollow  electron  beam. 

Patentanspruche 

1.  Hochfrequenzoszillator,  der  folgendes  umfaBt: 
-  eine  Strahlerzeugungseinrichtung  (11,  21, 

22)  zum  Erzeugen  eines  Elektronen- 

50 

55 

strahls  aus  Elektronen  (e)  und  zum  Rich- 
ten  der  Elektronen  (e)  in  eine  vorherbe- 
stimmte  Richtung; 

-  eine  Einrichtung  (18,  19,  20)  zum  Anle- 
gen  eines  magnetischen  Gleichfeldes  an 
die  von  der  genannten  Strahlerzeugungs- 
einrichtung  (11,  21,  22)  erzeugten  Elek- 
tronen  (e),  urn  dadurch  zu  bewirken,  dal3 
jedes  der  Elektronen  (e)  entlang  der  vor- 
herbestimmten  Richtung  kreist; 

-  eine  Energieumwandlungseinrichtung 
(13),  die  bewirkt,  dal3  die  Elektronen  (e) 
mit  elektromagnetischen  Wellen  wechsel- 
wirken,  urn  dadurch  die  kinetische  Ener- 
gie  der  kreisenden  Elektronen  (e)  in 
Energie  der  elektromagnetischen  Wellen 
umzuwandeln,  wobei  die  genannte  Ener- 
gieumwandlungseinrichtung  (13)  einen 
resonanten  Hohlraumteil  (13)  und  einen 
mit  dem  resonanten  Hohlraumteil  (13) 
verbundenen  Ausbreitungs-Wellenleiter- 
teil  (14)  enthalt,  und  die  Elektronen  (e) 
mit  der  elektromagnetischen  Welle  der 
TE-Mode  im  resonanten  Hohlraumteil 
und  im  Ausbreitungs-Wellenleiterteil  (13, 
14)  wechselwirken,  urn  dadurch  die  kine- 
tische  Energie  der  kreisenden  Elektronen 
(e)  in  Energie  der  elektromagnetischen 
Wellen  umzuwandeln; 

-  eine  Elektronen-Sammeleinrichtung  (15) 
zum  Sammmeln  der  Elektronen  (e);  und 

-  eine  Fuhrungseinrichtung  zum  Fuhren 
der  elektromagnetischen  Wellen,  die  ei- 
nen  Ausgangs-Wellenleiterteil  (17)  und 
einen  zwischen  dem  Ausbreitungs-Wel- 
lenleiterteil  (14)  und  dem  Ausgangs-Wel- 
lenleiterteil  (17)  eingefugten  Fensterteil 
(16)  enthalt; 

dadurch  gekennzeichnet,  dal3 
-  der  genannte  Wellenleiterteil  (14)  einen 

ahnlichen  Querschnitt  wie  der  resonante 
Hohlraumteil  (13)  hat, 

-  im  Hohlraum-  und  Wellenleiterteil  (13, 
14)  eigenresonante  Bedingungen  auf- 
rechterhalten  werden, 

-  die  elektromagnetische  Welle  im  genann- 
ten  resonanten  Hohlraumteil  (13) 
schwingt  und  im  Wellenleiterteil  (14)  ver- 
starkt  wird  und 

-  die  Leistung  der  im  genannten  resonan- 
ten  Hohlraumteil  (13)  schwingenden  elek- 
tromagnetischen  Welle  8  %  oder  weni- 
ger,  aber  nicht  0  %  der  Leistung  der 
elektromagnetischen  Welle  ist,  die  vom 
genannten  Ausbreitungs-Wellenleiter  (14) 
ausgegeben  wird. 

6 
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2.  Hochfrequenzoszillator  gemaB  Anspruch  1  ,  da- 
durch  gekennzeichnet,  dal3  sich  das  magneti- 
sche  Gleichfeld  durch  den  genannten  Ausbrei- 
tungs-Wellenleiterteil  (14)  erstreckt  und  in 
Richtung  von  dessen  Ausgangsende  an  der  5 
abgewandten  Seite  des  Elektronenstrahls  (e) 
allmahlich  weniger  stark  wird. 

3.  Hochfrequenzoszillator  gemaB  Anspruch  1  ,  da- 
durch  gekennzeichnet,  dal3  die  genannte  10 
Strahlerzeugungseinrichtung  (11,  21,  22)  einen 
hohlen  Elektronenstrahl  erzeugt.  2. 

Revendicatlons 
75 

1.  Oscillateur  d'extremement  haute  frequence 
comprenant  : 

un  moyen  de  generation  de  faisceau  (11, 
21,  22)  pour  generer  un  faisceau  electronique 
d'electrons  (e)  et  pour  diriger  les  electrons  (e)  20 
suivant  une  direction  predetermined  ;  3. 

un  moyen  (18,  19,  22)  pour  appliquer  un 
champ  magnetique  continu  aux  electrons  (e) 
generes  par  ledit  moyen  de  generation  de  fais- 
ceau  (11,  21  ,  22)  pour  ainsi  provoquer  la  gira-  25 
tion  de  chacun  des  electrons  (e)  suivant  la 
direction  predetermined  ; 

un  moyen  de  conversion  d'energie  (13) 
pour  forcer  les  electrons  (e)  a  interagir  avec 
des  ondes  electromagnetiques  pour  ainsi  30 
convertir  I'energie  cinetique  des  electrons  en 
giration  (e)  en  energie  des  ondes  electroma- 
gnetiques,  ledit  moyen  de  conversion  d'ener- 
gie  (13)  incluant  une  section  de  cavite  reso- 
nante  (13)  et  une  section  de  guide  d'ondes  en  35 
propagation  (14)  connectee  a  la  section  de 
cavite  resonante  (13),  les  electrons  (e)  intera- 
gissant  avec  I'onde  electromagnetique  de 
mode  TE  dans  la  cavite  resonante  et  avec  les 
sections  de  guide  d'ondes  en  propagation  (13,  40 
14)  pour  ainsi  convertir  I'energie  cinetique  des 
electrons  en  giration  (e)  en  energie  des  ondes 
electromagnetiques  ; 

un  moyen  de  collecte  d'electrons  (15)  pour 
collecter  les  electrons  (e)  ;  et  45 

un  moyen  de  guidage  pour  guider  les  on- 
des  electromagnetiques,  lequel  inclut  une  sec- 
tion  de  guide  d'ondes  de  sortie  (17)  et  une 
section  de  fenetre  (16)  connectee  entre  la  sec- 
tion  de  guide  d'ondes  en  propagation  (14)  et  la  50 
section  de  guide  d'ondes  de  sortie  (17), 

caracterise  en  ce  que  : 
ladite  section  de  guide  d'ondes  (14)  presente 
une  section  en  coupe  similaire  a  celle  de 
la  section  de  cavite  resonante  (1  3)  ;  55 

des  conditions  d'auto-resonance  sont  pre- 
servers  dans  la  cavite  et  dans  les  sections  de 
guide  d'ondes  (13,  14)  ; 

I'onde  electromagnetique  est  oscillee  dans 
ladite  section  de  cavite  resonante  (13)  et  est 
amplifiee  dans  la  section  de  guide  d'ondes 
(14)  ;  et 

la  puissance  de  I'onde  electromagnetique 
oscillee  dans  ladite  section  de  cavite  resonante 
(13)  vaut  8  %  ou  moins  mais  n'est  pas  egale  a 
0  %  de  la  puissance  de  I'onde  electromagneti- 
que  emise  en  sortie  depuis  ledit  guide  d'ondes 
en  propagation  (14). 

Oscillateur  d'extremement  haute  frequence  se- 
lon  la  revendication  1  ,  caracterise  en  ce  que  le 
champ  magnetique  continu  s'etend  au  travers 
de  ladite  section  de  guide  d'ondes  en  propa- 
gation  (14)  et  devient  moins  intense  progressi- 
vement  en  direction  de  son  extremite  de  sortie 
au  niveau  du  cote  aval  du  faisceau  electroni- 
que  (e). 

Oscillateur  d'extremement  haute  frequence  se- 
lon  la  revendication  1,  caracterise  en  ce  que 
ledit  moyen  de  generation  de  faisceau  (11,  21  , 
22)  genere  un  faisceau  electronique  creux. 
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