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Optlcal  quantum ampll f ters are now extenslvely used to lncrease the power

of lasers. An lncrease of the arnpl l f ier radlat lon power, howeverr ls accom-

panled as a rule by a deterforatf-on of i ts dtrect iv l ty,  due t-o stat lc or dynamlc

(produced under tnl  lnf tuence of the pump) lnhomogenelt les of the refract lve

l-ndex 1n the ampl i fy lng medlum [1].  in le report  f rere a method of obtalnlng hlgh

dlrect iv l ty of the ampl1f1ea radl i t i -on when t tre opt lcal  qual l ty of the ampl l f ier

i s  1 o w .

I t  was recent ly establ lshed that the wave front of  l lght ref lected as a

resu l t  o f  s t lmu la ted  Mande l ' sh tam-Br l lLou in  sca t te r lng- (SMBS)  can reproduce the

f ron t  o f  the  " * " i i f . rg  rad la t lon- iZ l .  By  us lng  th ls  e f fec t ,  we succeeded ln

cancel l_1ng out i r re pf,a"" dlstort ions ln the ampl l f ler,  thus improvlng qppre-

clably tne a:-vergence of the ampl i f led radlat lon'  t
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Flg .  1 .  Exper lmenta l  se tup :  p  -  po la -
r lzer (Glan pr lsm), F -  Faraday cel l
that notates the plane of polar lza-
t lon of the 11ght through 4!o; ampl l-
f ler -  ruby crystal  24 cm long and,
12 nm Ln dlameter,  wlth end faces
cut at 40 angle; L -  lens of focal
length 25 cm; the cel1 1s f i t led
with carbon disul f lce and has a dlam-
eter 3 nm, a length I  run and 1s 1o-
cated 70 cm away from the anp11f ler.

The experlmental  setup 1s shown
schemat lca l l y  ln  F lg .  1 .  A  beam o f
l1ght  f rom a  ruby  1aser ,  w l th  a  d1_
vergence close to the di f f ract lon
value, passes through an ampl i f ler
w] rose  op t lca l  qua l i t y  1s  poor ,  and
then en ters  a  ce l l  w l th  carbon d1_
su l f1de,  where  the  SMBS process
develops. The cel l_ "actsrr  as a
mirror that changes the wave front
of the laser" radiat lon lnto l ts
complex conJugate. Ttre wave front
o f  the  re f lec ted  l lgh t  shou ld  re -
maln at any polnt the compl_ex con-
jugate . . ,o f  the  laser  rad la t lon
f ron t ' /  .  Consequent ly ,  the  re -
f lec ted  11ght  shou ld  have,  a f te r
passing through the ampl l f1er,  the
same front as the laser radlatlon
enter lng the arnpl l f ler.

fn our setup, the backward-movlng l ight was spat ial ly separated from thelaser l lght wlth an opt lcal  lnsul-at6r c6nslst lng- or i  r l radiy ce11 and apolar izer [3] .  rne ampIl f ler was a. ruby crystal  witr ,  a weak-slgnal galn ranglng
from 5 to 19. The laser l -1eht (Pr) enter lng the arnpl l f ler had a dl iergence"
tuO-13 mrad at hal f-h_elght,  at  a beam dlameter 6 mm, spectrum wldth <20 l t f t lz,  and
max lmum power  n '0 .1  MW. The t lne  dependence o f  the-power  l s  shown ln  F lg .  i .
The same oscl l logram shows ( ln a dl f ferent scale) a pulse of ref lectea ana tnen
ampl l f led  11ght  (Pna) .  r t  1s  somewhat  shor te r  than the  laser  pu lse ,  p robab ly
owing to the nonl lnear dependence of the power of the ref lected Ugf i t  on thepower  o f  the  exc l t lng  rad la t lon  [4 ] .

The lasen radlat lon passlng through the ampl l f ler was focused by lens L
ahead of the cel1 wlth the carbo,n Alsutnae and entered the lat ter tn tne forrn
o{ a_dlvergent beam. Ttre cel l  ,wAB- mgde of g1ass. Slnce the refract lve lndex
of  g lass  ls  sma] l -e r  than tha t  o f ,  CSzr ' to ta t - ln te rna l  re f lec t lon  takes  p lace  a t
the_i-r  l l terface, ang the l1ght passes through the eel l  as ln a wavegui-de wlth
lgfrect lng wal1s. To prevent 1as1ng, the ends of the cel l  ar"e expaided and
b lackened,  and 1 ts  w lndows are  inc l ined  60o.

Flg.  2.  Osci l logram of  laser  l lght  and r"ef lected l1ght  when the gain
1n  the  ruby  1s  equa l  t o  10 .

\t i  T h l s  s t a t e m e n t ,  o f  c o u r s e ,
over  the  ampl l f ie r  c ross  sec t lon ,
the front in the ampfl f ler.

does not hold 1f the galn 1s not constant
1 .e . ,  1 f  there  are  ampl l tude d ls to r t lons  o f
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E i  c  ?  P h n t n o n n n h s  o f  t h a  d l  s -
J .  - ' ! Y  v v o r s r l r v  v r

t r ibu t ion  in  the  fa r  zone:
a  -  laser  rad la t lon ,  b  -  am-
n l i  f i o d ' l  a q o p  r o d i  a i i  n n
y 4 +  ! r v s

c  -  r e f l e c t l o n  o f  l - i g h t  P a s s -
i ng  t h rough  the  amp l - i f l e r .

Figure 3a shows the dlstr lbut lon, in the far zone, of the non-ampl l f led
laser  rad la t lon .  F lgure  Jb  shows,  ln  the  same sca le ,  a  photograph o f  the  fa r
zone o f  the  ampl l f ied  rad la t lon  (P ,o) .  Compar lson o f  F igs .  3a  and 3b  shows

that the arnpl l f ler distorts strongly the front of  the l lght passlng through 1t,
lnc reas lng  the  d ivergence f rom 0 .13  to  ' t ,2 .5  mrad.

An appreelable fract lon ( 'v6Of" 1n energy) o{
is  re f lec ted  backwards  as  a  resu l - t  o f  the  S iqBS' /
f lec ted  l igh t  (Pp)  in  the  fa r  zod6 'dup l l ca tes  ln

the  rad la t lon  en ter lng  the  CSz
.  The d is t r lbu t lon  o f  the  re -
i t s  d e t a i l s  F i g .  3 b .

Af te r  the  re f lec ted  1 lgh t  passes  th rough the  ampl l f ie r ,  1 ts  d ivergence 1s
not iceab ly  decreased and becomes equa l  to  ^ ,0 .15  mrad.  As  seen f rom F ig .  3c ,
the far-zone distr lbut lon of the ref lected and then ampl i f led l ight ls qui te
c lose  to  the  d is t r lbu t lon  o f  the  non-ampl l f ied  faser  rad ia t ion .  Th ls  e f fec t  i s
observed bo th  when the  arnp l l f ie r  opera tes  l inear ly  and when l t , i s  sa tura ted .

We have thus establ ished that by uslng SMBS we can cancel out the dlstor-
t lons 1n the ampl i fy ing medium and obtaln an ampl l f led 11eht b6am with a di-
vergence close to the di f f ract lon value. This method is not select ive and can
be used in  laser  sys tems^opera t lng  a t  var lous  wave lengths .  The shor t  t lme o f
S M B S  e s t a b l l s h m e n t  ( n , 1 0 - ' -  l 0 - o  s e c )  m a k e s  l t  p o s s i b l e  t o  c o m p e n s a t e  f o r  d y -
namic  lnhomogene l t les .  For  example ,  l t  Ls  poss ib le  to  compensate  fo r  such 1n-
homogeneit les in l iquid ampl l fy ing medla.

The authors thank N.G. Basov for constant lnterest 1n the work and support
and V.S.  Zuev  and V.A.  Katu l ln  fo r  ln te res t ,  and B.Ya.  Ze l - rdov ich  fo r  a  use fu l
d i s c u s s l o n  o f  t h e  r e s u l t s .

2/ In CSe,  the SMBS gain is  0.04 cm,/ l {W and the wldth of  the gain cotr tour  1s

7 5  w z  t 5 l .
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