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We cons ider  here  a  new scheme o f  separa t ing  a  d i f -
fe rence f requency ,  based on  the  use  o f  the  Cerenkov
radj-at ion from bound charges induced in a material medi-

um by  an  a l te rna t j -ng  magnet ic  f ie ld .

Le t  us  cons ider  the  geomet ry  (F igure)  o f  a  f ie ld
produced in a material medium by superposit ion of four
plane monochromatic electromagnetic ampli tude waves

whose wave vec tors  make a  smal1  ang le  q ,  w i th  the  ox  ax is ,

and the  e lec t r i c  f ie ld  in tens i ty  i s  in  the  p lane o f  the
f igure :
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Neglect ing terms of  second order  in  o,  we obta in af ter  some t ransformat ions
r
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k o = n ( k r + k r ) ,  n =  j ( a r , +  a r r ) ,  l = k r - 1 , ,  a = c ) 2 _ o r t .

Expression (1)  descr ibes the f ie ld in  the region in  which the s lowly vary ing quant i tys in(kayl2)  is  much less than l .

In  a nonl inu: l  
1""d"? l ic*nedium, _t l is  f ie ld leads to the appearance of  a systen of  boundcharges wi th densi t r  I  = -d iv  F = -d iv(xE' ) .  The system of  c i rarges wi l l  0bviously  have a per i -odic  s t ructure wi th uni t -ce l1 d imensions Xo = 2n/k and yq = n/oko ' ,  and wi l l  move wi th a veloc i tyu/k = cfn,  where n is  the ref ract ive index of  the nedium in the f requency range f rom o1 to o2.From this system we can obtain cerenkov radiation at a frequency tr.r and oi its multiples, underthe condi t ion that  the propagat ion veloc i ty  of  the e lect romagnet ic  osc i l la t ions at  these f re-queic ies is  less than c/n [1] .  This  cqndl i ion is  easy to , " i is fy .  In  the case of  ion ic  crys-ta ls ,  for  example,  i t  suf f ices to have the f requencies s l  and t - r  l ie  on opposi te s ides of  theinf rared absorpt ion region.

When calculat ing the power of  the Cerenkov radiat ion,  i t  must  be taken into account  that ,unl ike in  the c lass ical  case,  the real  ve loc i ty  of  the moving charges may not  have the sanedirect ion as the veloc i ty  of  the moving *ave o i  the bound.chi rges.-  rn par t lcu lar ,  i f  the prop-er t ies of  the nedium are such that  the rat io  of  the polar izat ion-vector  components is

P, E,,

\  
-  
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then,  consequent ly ,  the bound-charge current  is  d i rected a long the oy ax is ,  a l though the chargewav^e t ravels a long the ox ax is .  A calculat ion of  the cerenkov ef fect  wi th a l lowance for  th isd i f ference shows that  the f ront  of  the wave radiated by a uni t  ce l l  o f  the system is  made up oftwo hal f -p lanes that  in tersect  at  double the cerenkov angle 0 (s in e = ; / ; r j  a long the uni t -ce l lax is '  In  order  for  the power radiated at  the f requency i  to  u"  maximal ,  one nust  put
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The maximum power radiated by a mul t i layer  system of  charges is

w  $aH x  E2 l2 \  -  ( axvo )zL
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, c t / n f , - n 2  n z c t / n f , -  n 2

where H is  the hei -ght  of  the mul t i layer  system and is  bounded by the condi t ion s in(koH/2)  << l ,

L  is  i ts  length,  and Wo is  the tota l  power radiated at  the f requencies o1 and 9 :^  A numer ical
est imate shows that  the radiated power can reach several  hundred wat ts  at  X = I0 "  cgs esu,
W = 10 MW, and rr.r in the 10" Hz range.

In the general  case,  the calculat ions*beco4e somewhat  more compl icated,  s ince i t  is  neces-

sary to a l low for  the tensor  dependence of  P on E.

The convers ion ef f ic iency can be lncreased by p lac ing the nonresonant  medium in a cavi ty

tuned to the frequency o and operating at a mode corresponding to the structure of the field

( 1 ) .

I t  should be noted that  sat is fact ion of  condi t ion (2) ,  and consequent ly  a guarantee of

in-phase i -nteract ion of  the generated radiat ion wi th the polar izat ion of  the nonl inear  medium,

is  possib le in  any medium, inc luding one in which i t  is  i .mpossib le to obta in coherent  wave

interact ion in  the usual  sense.
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