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Synopsis 

 Instabilities  near  harmonics  of the  electron cyclotron 

frequency  observed  when a  weak  electron  bem is  injected 

 into  a  plasr:.a  r.  nearly  th,2.rmal  equilibrium.  Measurements  of 

 microwave  orricsion  show  thot the Electron  cyclotron  harmonic's 

ore  enli%nced  .?:t;ronrly  ty  the  clocron  beam  psL.sim  thropzh  the 

 Plasma,  and  thrit  the  c-me  Lie  the  cecond  hsrmonics of the 

enhanced  cyclot.v:)n  harmonicc  ?re  renerated  b:  a  nonlihoar effect 

in  pla.  The relts are interpreted_ by  means 

of the  mode'L of  n  lion  pirAsgi%  penetrated by o  monocnertic 

 electron  bean. 

*  Reported  in  rar is J. 1I-Iy3.  flc•Jsrnan  :73  (1967!  6C.O.
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     §1  Introduction 

 En the  beet few years,  considerable interests have been built 

un in the  problem  of  electron  cyclotron  harmonics in  plasma. 

 'b
andolierI) could find the electron cyclotron harmonic emissions 

 e to  Ehe 45th, by  obsee-sing noise  emission from the  PIG discharge. 

For  explainine:  c'30  It,  Ca_nobbio  and  Croci' ascribed the harmonic 

 emiesiorel  to  the  electrostatic  wevee which  ':re excited by  auperthermal 

 eleet-eolEeexistin.e  En  ?T':  disenere:e  eed  nropegate perpendicular to 

the  ma,-netic  field. On the other  lend,  I'ubo and  Tanaka 

observed the  eycleeren  hermone  eplesLone in the low  cressnre arc 

 eiseharge  ee  well.  E=_minine: the  (iileoereion  characteristice  of 

these  ereiscione,  they  sho•e  that  they correspond to the  longitudinal 

 plasma  oscllations in the magnetic  feld, which are suggested by 

B4ennstein.'  :Many  e'_'_  hors—  disce_eerJ these  electrostatic  waves 

near  cyclotron  heruonios  in  e  collieionless  plasma,  and showed that 

they con  eeopagate  perpendicular to the  magnetic field  without 

 Lendau  darning. 

     In the case  of  the  p•onwTetion  parallel to the static  magnetic 

 field or more  generell:, in the  cane of the  propagcticn oblique 

to  the  uaf7ro  f:eld,  tjle  %:1-1  important role 

and  therefore, the  cy-clotron  hermonic  waves  demr  oet can not 

pronagate  in  e  pleeme.  Howe•e,-,  in a  plasma with an  electro/ 

beam  running  eloe--;  the  magnetic the  growing cyclotron  harmoinic 

waves  propae7atinl- parallel to the  ee7netic field are  exnected, 

becausethe electrorbeameecitesehe wave. strongly to overcome 

                                                                                                                                                           - Landau  damp_.. 7  7_  -ben  et  el.6) on .1-e'e-efi  et el.71  observed the 

cyclotron her:,oni'.eeeec:-rowderalone.fte  eleynetic  field  in a  beam– 

generated  plasms.



     This  result  ra:y he  uiplained  hv  a  convecti7e  instability 

 trouced by  the  couplin:-  of  cyclotr.on  harmon: _c  waves in a plasma. 

 With a  slow space  charge  wave in  a  beam, in  the  case of the  oblique 

 propatior, 

     The  micro-instability of  the  electron cyclotron  harmbnice  baire 

been  investiKaed in detail by  74arris.-i)  This instability,  which 

is an  absolute one,  Pesalts from the  anisotropy of the electron 

 distribution  velocity  space. From the  point  of  view of the 

 beam-plasm%  i7terCtion,  Cr%wfor et  al.9) proposed that  thic 

 inct=ibi_lity  is produced  by  an  interaction  of  the cyclotron  harmonic 

waves in  plasma  with  the cyclotron  harmonic waves having negative 

energies in the  l  earn.  Ths  phenomenon is also expected to occur 

in the  beam-plasma  syster. 

     In order to  st—ly  t,iiir  ristability  exrerimen  tally, we inject 

 an  electron  lea:',  into  a  qc,rly  :1:wellian  plasma which is produced 

 independently ,,-2the  'C,C'.:T,  -n:  therefore, we can change  parameter 

of the  71a:-7,-a  r  1  the  beoriLncicb,3n,ir'nti:,_ Thus,  comparing our 

present  resits with  thrse  re-nr)rted up to  the  7-,re2nt where either 

en  elcotr  hcom  is  cons:Ldern to  be  pro  rent  in  the  plasmo spontaneous-

ly or  the  rylrno  is  produced by  injecting  the electron  beam into the 

neutral .!--h, ye (-..F1 oh Yin TYPO deLailed irsI'orr t tons on this 

 instabilit:, 

      The  contorts  c'  thr-  7:-)lio:im-;  para?..T,rabhs as  follows:  TI1P 

 microwave  e:-.s:r-)1-,  ,r::-(-,  sour  .,hen  he electron beam is  irjected 

into the  nEr,r1  eve  1j-  -n..T.  ron the  exeiimental results 

the  Cectren (-_cictrc.,r halconic  Ir'-  -:-JroptLn7  nely perpendicular 

to the  m%gretc  .-elci  .--re  -(,)-,-,rcH  ';c, be,  i.:-I177 enhanced by 

the above  if:!nt4.,L,--1  rCso?tc  intat'li.  7.2r,  the  cyclotron
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 harmonic  emIr;sirins  enhanced  strowly , their  second  harmonics 

are  generated by a  nonlinear  of'fect .  Experimental  results are analyzed 

by the theory of Crawford etal .-)



        §2 Experimental apparatus and procedures 

     In order to investigate the instabilities of plasma  due  to, 

the presence of an electron beam, it is desired that a highly 

ionized and  Maxwellian  plasma is produced and  an electron beam 

is injected into this plasma. To obtain such a beam-plasma system, 

we have set up the apparatus which is consisted of three regions, 

that is, the  dc discharge region, the plasma-diffused region  and 

 the beam-produced region, as shown in Fig. 1. Argon gas of the 

pressure of about  10-1 torr is fed  into the discharge region and, 

by using  sJ method  of differential pumping, the gas pressures  of  the_ 

plasma-diffused and the beam-produced regions are maintained at 

about 5  x  10-4 and 7 x  10-6 torr respectively. An external magnetic 

field is applied along the tube axis and its intensity distribution 

on the axis is  shown in  Fig. 1. In the discharge region the  plasma 

 is  produced by a  dc discharge between  a cathode situated at the 

center of the  cusped geometry and an anode situated near the point 

cusp. The  discharge current  Id is varied from  2mA to  4.5A. This 

 plasma is diffused through a hole  (P mm in diameter) at the center 

of the anode into the  plasma-diffused region along the  external 

magnetic field. In the diffused-plasma region, magnetic 

field is uniform within  a few percent and the  taasma is present 

near the axis of glass tube (50 mm  in  diameter).  At the discharge 

current of the electron density is equal to about  1013  cm-3, 

and the degree of  ionization is of the order of ten percent, while 

the electron temperature of the  plasma is about 1 x  104  0K,  and 

does not depend on the  elctron  density_ The principle of the 

 10) 
apparatus is  similar to the TP-D machine at the Institute of
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Plasma Physics,  Nagoya University. 

        electron beam is  produced by the Pierce gun in the beam-

produced region, and is injected into the  plasma-diffused region 

through a hole of 2 mm in diameter. This electron gun is set  outsid6 

the  air-coil magnet, so the electron ejected from the gun feels the 

increasing magnetic  field as it runs to the plasma-diffused  region. 

Therefore, a part of the initial energy of the electron is  trans-

formed to the energy  perpendicular to the magnetic  field, When  the 

voltage of the beam  Vb, is changed from 30V to  600V, the current of 

the beam Ib'- -chereees from 0.07 mAto 6.0 mA. (The perveance of  t#e. 

gun being about  4  x  10-7.) The electron density  nb, of the beam is 

about 5 x10-Scm-3 Ib  e  2.5  mi. The gun is operated  continuously. 

or  pulsivel:e_ 

     Microweve\\  emissiLongfrom the beam-plasma system are received 

by two radiometers which are  operated at the two receiving  frewenciem 

of f  =.4.1 and f' = 2f  = 8.2  Gliz respectively  and,  have the band  widths 

 of 5  MHz.  Measurements are made  in the  following way: The discharge 

current is kept  et the fixed value of  id and the  magnetic field 

 ieSweqt. The output power of the radiometer is plotted as a function 

of the magnetic field on the XY-recorder  continuously.  When the 

accurate power of the  emission intensity is  measured, its power is 

compared with and  equelieed  to  that of the noise standard by  insert-

ing  a known value of  ettenaetion  in the  transmission line from the 

plasma to the radiometer. By the  simultaneous measurement on the 

emission  at the frequency of 4.1  GEz and 8.2  GE7., we have studied the 

phenomenon which  occurs  et the same time for these two frequency bands.
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        §3 Experimental  results 

     3.1 Emission from the  plasma, the elctron beam and the 

 beem-pleeme system 

     Measurements are made on the microwave  emission from the 

 plasma in the  absence of the electron beam  and  from the electron 

beam in the  absence of the  plasma  respectively. In Fig. 2 are 

shown those  spectre as a function  of the magnetic  field. In the 

curve  (e), which is the emission  spectrum for the beam only, the 

cyclotron emission is seen  at  f
c/f = 1, where  fc the electron 

cyclotron  frequency. The curve  (b) shows the emission spectrum 

for the  plasma without the elctron beam. Since the emission near 

the cyclotron  harmonics  (f ,/f = L/n) are  weak, the plasma electrons 

are considered to  be nearly in  thermel equilibrium.  Cn the other 

hand, the degree of  ionieetion this  plesma becomes to  be of the 

order  of ten percent,  as  described in §2. Therefore. we have obtained 

the  plssrna  whict is  Mexwellian  and highly ionized. 

     When the  elctron beam is injected into this  plesms, the emission 
                                    lc= 

spectrum chenves from the curve (bl'the curve  (c) which shows that 

the strongly enhanced  emissions are observed near  jie cyclotron 

harmonics. It is noted that  fol- measuring the curve  (c), the  sen-

sit4vity of the receiver is lowered by 21 d7,ss  compared with that 

for the curve  (b).  Noreoser, the  time-resolved  measurements shows 

that this  enhanced emission is  net stationary  but  pulsating in 

time,  while the injected  electron  beam is  stationary. 

3.3 The  relation  betweee the  enhanced emission and plasma 

 density 

     In Pip'.  3  are shown the  emission spectra of the  above-mentioned
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enhanced emission for the various  discharge  current. At the rather 

small  discharge current, the enhanced emission (denoted by the 

 Peak  42°)  appears near  f
c/f  1. as shown in curve  (a).  As the 

 discharge current  increases,  this  'peak  r'pproaches to the second 

harmonic  rc/f  1/2, seen the  curves  (b) and  (c).  While, 

as the  discharge  curont increases, the intensity  or the emission 

also  increases  anti1  it reaches the maximum  value at a certain 

 discharge current.  However, when  Id increases  further, its 

intensity becomes rather weak. the same time, the emission 

 near the  thiri  harmonic  her ,ins to  be enhanced  strom7ly_ Thus, with 

the  incrensina  discharge current.  higher and  higher harmonic is 

enhanced  strongly, while the lower  harmonic  disappears,  as shown 

in the curves  (c)  (p). 

       The  aboize-mentioned  characteristics,  observed  exnerimentally, 

of the enhanced  omisclon near the harmonics (n  = 2, 3, 4,  ....) 

are  seer  clearly in  Fig,s.  4  :=_nd  In  Fir. 4, the  normalized 

 magnetic field  fc/f, where the enhanced emissions appear, is plotted 

as a  function  o' discharge  curro:nt. In  Fir".  P,  the intensity of 

enhanced  emissions,  normalied to that of the  noise  standard, are 

plotted an a function of  I 

3.3  betwen the  enhanced  emission  r,nd beam 

 parameters 

   Next,we invesThvar                            tc theriation othe enhanced  emission 

on the  beam  narmeters,  .e.  ,  velocity  17b, and  density of the 

electron  beam  nb_  the  fixed  value of the  intensity of this 

emission near  the  second  hr)rmoni.T'  is  plotted  n  functi_on  of Ibas
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shown  in  Fig. 6. Here, in order to vary  Ib while  Vb is kept at 

a certain  value, a perveance or the  run is  varied by changing the 

 temperature of the cathode. It is seen from this figure that the 

 enhanced emission  becomes to be observed at  Ib =  0.1  mA and the 

 intensity of  this emission  increases exponentially with the beam 

current  Ih- In the case  of  Vb = 2407 the intensity of emission 

becomes  to  be saturated  and  amounts to P/P
ns..,20 dB as the beam 

current  Lnereases. 'inch a behavior is also  observed in the case 

of  "  7(-,n7 and  the  oathra4ed emission intensity is larger than 

30  1B. 

      In 7, the  in,,ensity of the enhanced emission is plotted 

as a  ,Tancti_on  ot'  76,  keening the beam  density  nb  (c.<  Ib/iTI 1), at 
the fixed  valhas.  Tha  enhanced  emission becomes to be observed 

at 7b=--1E07  andintensity increases  exponentially with the 

 ' beam  voltap:e  7 7(twev,,r, jts increasingT. atewith  Vb becomes 

' small  above  a  certan  v-Lue of  Vb.  Thi_s  varies of 7bare about 

                                                                   ' 240 V  for  nb .4lfl8cm-3  and  about  290 V for  nb  = 1.8 x  188cm-3 

 resbecti-ely. 

 3.4 Doppler  :t'hj't  of cyclotron harmonics waves 

 It  is observed  experiment:ally that when the beam velocity 

 is  c_  anted, where  thc enhanced  harmonic 

 emssons  appEwir,  shi-cted. The value of  this shift from the 

 magretic  fiel- o:'fc/f-  1/n, increases  nearly proportional to 

 7b,  therefore  ts  ,s  crmsjdored  to  be  the  Dopper shift. In Fig. 

 thr,  C  nLotted  ss  a  function  ol
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 3.5  Gencrr4,ion  o' the  eernd  harmonics of the  strongly enhanced 

 cyclotron  harmonic  emissions 

 When the  ,,nhanced  emissi.on  ner the second harmonic  fc/f=1/2, 

is observed  for the  reeei'iinF-  frequency f  11.1  GHz, the emission 

 pe!-11,.  tor  ;-,he  receivintr  freaucnc':  C'  =  P.2  Tiz, which is two times 

 o is  oPserved  smultrneously.  In  Fig  n, the  upper curve 

shows the  em;_,-Aion  of the frequency of  f'  = 2f and the lower 

the  snetrixri f.  Tao  emission  peak, denoted by  "21", in the 

 spectrum of f'  2Dners  at the  magnetic  field near  fc/f = 1/2, where 

the  enhneed denoted by  "2", is observed in the spectrum 

of f. The  intensity  ,)f the former  emission  peflk  "2"ls smaller by 

30 dB  tbnn  Th,  of  thP  1!7ttcr  "2".  It must  be noted  that the peak 

        the  crectrqm  of f'  correspondinfr to the  enhanced emission 

 2" in the  car-e  (:!)  Fi, . 3. In  Fi7. the  marmetic field, 

where the  enhanced  emnsion  is observed as shown  in Fig. 9 is plotted 

 as  function  of the  disch-in:e current  Td for the  cases of f = 4.1 

 !Ind f' =  respecti-:e]y.  It is  known that both enhanced 

emissions  "2" for f  nna  "2"' for f' occur at the same magnetic field 

 n5  r  f ,jr  1/. two  amiss  ion: of f  and  f', the emission 

 intensies  L.s  of  ne  current  Id  are  shown in 

 Fir.  la,  anj those as  a function  or the beam velocity  • Vb are 

shown in  Fir. lfl. 

     Further,  tncse  ':.'No emissions  are  represented  on  a dual beam 

 shynchroscope et  t1.--e time  :is shown in  rhnto 1. The upper 

trace  shows the  emilon  for f' and the  lower  that: for  r.  Both 

emissions  'Ire  Pj.1,219iM,'  In  time  an(i occur at the  same time.



     §4 Discussions 

 Then a weak electron beam is injected into a  Maxwellian  plasma, 

the strongly  enhanced emissions are observed near cyclotron  harmonies, 

as described in the previous section. It is considered that these 

emissions  :result from the excitation of the  electrostatic  waves. 

near cyclotron harmonics due to  inctebility which is expected in 

beam-plasma systems. 

     As shown in Fig.  9., for this  enhanced emission the Doppler 

shift is observed, and  its  frequency shift is described by 

    w -  2iJ -  k11  vb  •  (1) 

It is known from the  refl-m of the frequency  shift given by  Eq.  (1), 

that the  instabilit  coneieered  Lore is  net ascribed to the  inter- , 

action of the  ceclotron  harmonic  waves in  C  plasma with the slow 

space charge wave  in a  beam,  'cut  to  the  interaction of  the cyclotron 

harmonic  waves  in a  plasme  with  tLe cyclotron  harme  waves having 

negative energies in  team.  It  has been  seeTestel  theoretically by 

 Ben: et al.111 that such an  instability due to the latter interaction 

can  occur for the waves  propageti obliquely to  the static magnetic 

field. Put  tie  dispersion  relation given by them is so complicated 

that  it  cannot be applied to the  c.nelysis of our  cepeeimental  results. 

It may  he considered  from  the  "•  Lheoric that the essential  character 

of this  instabilit• is obtained  for  the case where the  waver propagate 

 perpendiceler to the  magnetic field. Therefore, order  to  anal  yze 

the  expermentel  realts, we  idnnt the model  suggested by Crawford 

et  al.  , where  the  n:-.)noenergetic electron beam  injected into a 

 Maxweflian plasma,  and there occurs  the  ebove-rentioned  instability
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which results in the  e:-:citation of the waves propagating perpen-

dicular  to the  ftlagnetic  field. 

     The  distributLon  furctton of electrons  in velocity  space  is 

               ) 
 assumeJ to beo 

           f/2
rim(vj? ..+ 

        

1 '   f 
 exp 

 K  Ti2  1:  T  / 

 1 
      +  a)  6 ( —v8(v-v )(2)               III _L' 

where  a  menns  the  rRr-I  flf the  elct.ron  density of the  MaTwellian 

 plasma  to  thf-it  o the  :7TTItem. The  dispersion relation 

 for  th2  cletresc  w'rve  ,.-)opa,-;t.i.nc.  perpendicular to the magnetic 

 PA ( ,,:1_,Ten  by 

        ( ' - T ) 
 P , 4 

 1 Z.: 
 (,4  L  ;  0 1-] 

                                        (3) 

where  n  =  (I:   eni(.11P  S the electron 

 

-  ,  n 

 plasma  freationc;-  of 

 Tn  Ft-.  13,  the  rron,7,  n.7tabi:lity, given  by Eq. (3) are 

 plotted by  the  thu dispersion characteristic 

 for the  1ri:sfw,F.711ian  ty Eq.  (3)  nnd plotted on 

the  1.1  is  .]Lram,  thnr  ti  orneter  XIs  ixed at  N  (p/NO2

0.5.  3coow-i,  unin/7 the  criterion  o the  instability given by 

 OrT-,wfor(79) the  rei7i_or  For  inntNbility to occur is
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 shown by  hatchinf;.  Under our  experirental  conditions where the  

,ensity of  Yie•lectron  hem  is very small  compared with  thnt of 

 the  bac,Trf]fl  1-Lasma  an the  velocity  of the beam  i3 very large 

 comparod  withi(2  thrinni  velocitj of the plasma, we can  assume 

 - fl.r) Theoe hatched regions agree qualita- ,                       tn - 

t'—ely vip.  '1  where the enhanced emissions are 

 observeJ. 

     In  )4.  is  hown  he  psrowth  rate  of' the  'cyclotron  harmonics 

 function:,  oThnma  denity. Here, the  approximate  value 

of  growth  rF%r-  .J2i of  the n  1-h harmonic is calculated from the 

 resonant  trnn  iP by 

 0=1  ,  p  ‘)  foer  (-A)  .1,1  (A) \ 
       L ,tj \   1 

 

,  I  IL.,(4t, — 1 1 ) 

                ( 

                             ) (10                                                            rri, 

                                                    6r) 

                                                                           _ 

                  ,h.bi.t \l  4  I 

                                                                          r 

 he  c  1t1ited  Cni"-.  thus obtained in Fig. 14 with the 

 eyflermental  curves  in1-71„77.r, we craf,1 :_c-7; that the dependence of the 

 rrle on  the  rlasma  Jensily  agrees  qualitatively with that of 

the  in  erity  n'  1:he harmonic  emissions on the discharge current. 

                   ) It';:2S reporte6hylAegami1 that such a behaviour was observed on 

the  m'crow-le emission  from mercury vapor discharge and was  dis-

cussed  tlir-=ei-ically  rro  thr,  vew  point of radiation from plasma 

 elec:.rans. 

     Next,  '.he  vrWle of  f  tie  cyclotron harmonic  wave is 
                                        -

, 

c%lculatedto be  kCT'by  u!:-;'ng  Eq.  (1)  and the  experimental 

value of the  -DO-r)  shown  in  Fi,T. On the other hand,
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 it  is  assumed  that  kl  is  estiated  r_COM the value at  which the 

 instahLlity is  expected.  occur.  Cuch  a value  of  p. is  obtained 

 from  .?;(1. to be larer thr, fbout  7",.0,  and v
/this assumed                 0 

to  be  2.  Therefore  1 .1_ be  larger  than 4 x  103  cm-1. Since 

 is much  lrger  tran  111 it  may be considered  that  the 

harmonic  we:  Lnterest,ot: here  broba7ate almost  perpendicular to 

 thE  mac-ncti.c  anpr-)ximate  dispersion  relation  is 

 :7iven by  Eq. 

 Finally_  the  ::econd  'c,armoncs o' the  strongly  enhanced cyclotron 

 harmonLes will  he  discussul.  TIjs  emiL,sion, which is  shoe as 

 the  nok  "2"  in  thr,  erriission  spectrum  of  f'  , 2f in  Fig.  9 is 

 oser-ved  w  ten the  funinr,r2n  t  1  emissie,n (the  peek  "2" in  the spectrum 

 nf)  cr,huced  -.,hown in  11. Therefore, it 

 considere  that  the  :re-'eH_on  or  the former emission results 

 frot:i  nrfiliner  sr'eet  or the  ltter emission. It was reported by 

TerIATI,13)  that a  =,enenition second  harmonic was also 

 0::.servoi  ,Th.or,  the  cycloron  h--;monie  wovec are excited strongly by 

 -1_11,,)9inT:tjnr.  -1.?smn with  ej  e:Iternal  Tr.i':rowave. It  is  C011— 

•erc  Cro,  C)  result  that  toe plasma  is strongly 

 thoft-b  e  electron  per,m  is  vnry weak  cam-bared with the 

h',ick.ground On the other  han?, the theoretical studies 

show  thet  t  bc  roe-72)e:' to be  a  weak turbulent  state,  as the 

 noel  ineer  osci17'ttions  de,rolor  -trongly in the  plasmL. Recently, 

Arel-  '  has  renorted  thr,t  Hy  the  co'lvective instability in a  beam-              

t  ,e  COOr  to  frequency is excited so 

?Aron:1:i that i har-rrics 1!1 io tie htls are observed and this 

systerl becr,rnes ! ‘7,x/ectei  in  our  experiment 

 thur  the  inst'74.ollLy  sm  r  cyoltron  szr.rionic  frequencies will
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 develop the  plasm- becomes turbulent as the electron  beam 

 tecomes  much  intense.  A detailed  study  of the phenomenon is under 

 we 

     The  results described in  this  paper are  summrirized  as follows: 

The  cyclon  hionja waves  are  enhanced strongly, when the weak 

 elestl.on  ben in  injected  into  tAe nearly  thermalized plasma.  It 

can be  intr  e  ed  such  that these waves are ascribed to  an  absolute 

                  to  th,_!  interaction between the cyclotron  harmonics 

 in  the  plan  T,-;  '-1,1 those  in  tbe beam having negative energies. These 

 resuTts are  analT;el'i by the model of  Crawford  et  al.9) 

 Wh.rn  the  ayclntron  harmonics are enhanced strongly, their  Second 

 ery::-Hon  e  sbse)-ved as a result of  a nonlinear  'eiffect
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 i,ist of Figure Captions 

 dig.  4xperimental apparatus: 1) gas inlet, 2) cathode, 

         5) anode, 4) electron gun, 5) 2" diffusion pump, 

         6) o" diffusion  pump,  arid  r/  •" diffusion pump. 

Fig. 2  emission  spectra from the electron beam, the plasma 

 and the  beam-plasma system, as a function of the static 

 ma,snetic field,  fc/f.  ieee'  Vb.420V  and  Ib=3.6 mA. 
Fig.  5  4Lission  sectr.J. from a beam-plasma system as a function 

         of  the  static  ma2netic field,  f'c//f, with  Id as a 
        parameter.  Here,  f=8,200  0=420 V and  Ib=3.6  mA. 

 fig.  4  the  ms4netic field  illtehsity,  f e//f, where the enhanced 
 emission is observed, is  1.,lotted as a function  of the 

 discharge  current,  I.  Here,  f=3,200  toiHz,  Vb=420 V 

 andI.6 

 iig. 5  -Cower of enhanced emission  P
e  Pns  normalized to that 

         of the noise standard, is  plotted as a  function  of the 

 disc'  rge current  I.  f=3,200  Vb=420 V 

            and  1.=.6  my. 

 fig. 6  4nhanced emission  povere  Pns is  'clotted as a function 

        of  the beam current  Ib  1 as a parameter. Here, 

 f=3,,,j  -Liz  and  id=3.e, 

Fig. 7 emission  powere/Pnsis plotted as a function 
         of  the  bear  voltage  lb, with  nb as a  parameter. 

 here,  f=.r3,2:;0  ,Liz and Id=0.6A. 

 The  ma ,;netic  field_f, where the enhanced emission 

 is observed near  f  /  f= 1  /  2, is plotted as a  futnction 
         of  the  eeum  velocity  ,"  lb  Here,  f=3,200  Airiz and 

                 =4E-:^.) 01A. 

                                    -
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Fig.  9  mission spectra of the  beam-plesma system as a  function 

         of the  static magnetic  field. The lower curve  shouts 

         the spectrum of  f=4,097  e:dz and the upper curve,  f'= 2f 

 .3,195  Tielz.  At the magnetic field where the strongly 

 enhanced emission is seen on the lower curve, the week 

 emission is also observed on the upper curve. Here, 

 V.=606  1,  Ib.5  raA and  Ids  150  aA. 

Fig. 10  the  magnetic  field,  fc  //f, where the  enhanced  emission 

         is observed, is plotted as a function of the  discharge 

         current  Id' for the cases of  f=4,097 and  f'= 2f=  9,195 

          L!'iHz, respectively. Here,  ib=4?0 V  and  Ib=2.2  mA. 

 Fig. 11  enhanced emission  power  Pe  /Pas near  fc//  fr.  1/2, 
         is  plotted as a function of the  discharge  current  Id, 

         for the cases of  f.4,097  and  f'=  2f  8,195  e:Hz  r4spectiveli. 

         Here,  Vbe420  V and  Ive 2.2  mA. 

Fig. 12  chanced emission  power rePns near  fcif=  1/21 is 
 plotted as a function of the  beam velocity  FC'',1or 

         the cases of f=4,097 and  f'. 2f= 8,195  i.1Hz  respectivelYi 

          Here,  Id. 130  miie 

 Fig.  13  Disersion  curves. The instability is  expected  to 

 occur in the  reons of shadow. Here,  ).  .0.05, 

 j 

            //vth-:25 and 0(  =3.9., 
 rig•  14 The  growth rate  (e)i  /63r near the cyclotron  harmonics 

          GJ  n  /t), is plotted as  a function of plasma density 

 (A)  )"-  • Here,  ?\ =0.05,  v0  vth=25 and 

 CX
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Photo. 1  The enhanced  emissions for both cases  of  ft,:4,  100 

            and  f'=  2f=  8,200  Laiz, are observed simultanuously 

 on  the  snynchroscope. The upper and lower traces 

 :.;how the emission  powers for  f'  and f respectively. 

 For both traces,  tne pulsed emissions occur at  the  same 

         time. sweep;  13/A  sec  /  div.  fc//  f  1/2.
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