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A strong hypersonic wave of frequency 9.4 GHz propagating
through an A1r0,  crysta l  conta in ing paramagnet ic  Ni3+ ions that
have a st rong e lec-ron-phonon bond was observed to be sel f - t rapped
in the region of  acoust ic  paranetr ic  resonance.

1.  Sel f -act ion ef fects,  inc luding sel f - focusing and sel f - t rapping of  a wave,  are the con-
sequence of  the dependence of  the propagat ion condi t ions (veloc i ty  ina "Utotpt ion coef f ic ient)
in  a nonl inear  medium on the wave intensi ty .  These ef fects i -n nonl inear  opt ics,  as is  wel l
known,  have been the subject  of  numerous recent  invest igat ions.  In  acoust ics,  owing to the
re lat ive ly  weak e last ic  nonl inear i ty  of  ord inary media,  and a lso because of  the appreciable
di f f icu l t ies when i t  comes to obta in ing hypersound of  very h igh in tensi ty ,  such sLl f -act ion of
the wave has not  yet  been real ized.  From th is  point  of  v iew,  in terest  at taches to acoust ic
paramagnet ic  resonance,  which,  owing to the nonl inear i ty  of  the character i ,s t i -cs of  the paramag-
net ic  system in the resonant  region,  makes i t  possib le to real ize sel f - t rapping or  se l f - focusing
of an acoustic wave propagating in a mediun with paramagnetic centers.

2. If a hypersound beam has a round cross section of radius a as it enters a resonant
medium, i - ts  s tat ionary Propagat ion in  the medium is  descr ibed by the system of  equat ions
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where R and S are the amplitude and the eikonal of the hypersonic wave and are slowly varying
funct ions of  the coordinates x and r  in  the longi tudinal  and t ransverse d i rect ions,  k  is  the-
wave vector ,  and Ip(R) and I5(R) are nonl inear  funct ions of  R and are expressed in terms of  the
character is t ics of  the paramagnet ic  system. I f  th is  system has an ef fect ive spin S,  a l /2  and
the inhomogeneously broadened resonance line has a Lorentz shape, then
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where 6 is the l ine width, N the concentration of the paramagnetic centers, G the spin-phonon

coupl ing,  v  the sound veloc i ty ,  p the densi t l  Tt  and T2 the t ines of  longi tudinal  and t rans-

u""iu ""1"*ation, e = (o0 - uJ)6-1, ule the resonant frequency, and u,r the hypersound frequency.

Fol lowing the nethod developed in [1] ,  we obta in a solut ion of  ( f )  and (2)  in  the form of

a weakly-d ivergent  beam wi th var i ib le radius of  curvature.  The sel f - t rapping condi t ion,  under

which the d i f f ract ion d ivergence is  of fset  by the compression of  the beam as the resul t  o f  the

change in the d is t r ibut i ,on of  the phase veloc i ty  of  the wave over  the cross sect ion,  takes the

form
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where (Av)v- l  is  the re lat ive change of  the phase veloc i ty  of  the hypersound,  z '  -  r lR = R^,
and Re is  the ampl i tude of  the beam at  the ent lance (x = 0) .  I t  is  seen f rom (4)

that  se l f - t rapping of  the wave is  possib le only  on one s ide resonance,  when H.  HR (e < 0) .
Since (Av)v-L ' ind-z '  n ,  G2,  sel f - t rapping is  favored by the presence of  magnet ic  centers having

a large e lect ron-phonon coupl ing.

3.  The sel f - t rapping ef fect  is  observed when an intense hypersonic beam of  f requency 9.4
GHz propagates in  a corundum crysta l  doped wi th Ni3+ ions,  which have a st rong e lect ron-phonon
"oupi1r ,g Iu"  to  the orb i ta l  degeneracy of  tnu ground state (2E).  A large coupl ing (G > 103 cm-r)
is obtained for a longitudinal hlpersonic.wave along the twofold syri lnetry axi-s. A thi-n hyper-
sonic beam of  round cross sect ion,  wi th d ianeter  0.5 mrn at  the entrance to the crysta l ,  was
propagated in the crysta l  in  th is  d i rect ion.  Methods of  pulsed exci tat ion of  hypersound_and of
iegis i rat ion of  the resonance absorpt ion in  a magnet ic  f ie ld were descr ibed ear l i -er  [2 ] .  The

intensi ty  of  the hypersound in the beam could be var ied in
the range 5x10-5 -  10 W/cm' .  When the in tensi ty  of  the hyper-
sound is  low,  l inear  resonance absorpt ion is  observed.  Wi th
increasing in tensi ty  I ,  o(Hp) decreases monotonical ly  and
reaches i ts  hal f -va lue at  I  = IS.  Fur ther  increase of  I
leads to a deformation of the resonance curve. The curve
becornes maximally deformed at H < Hp, and the maximum of
cr(H) shi f ts  towards st ronger rnagnet ic  f ie lds.  When I  > In,
the resonant absorption at H < Hg becomes negative (see the
figure) , wheteas at H > HR the value of cl increases. The
negative absorpti-on at f ixed I increases with the number of
the echo s ignal .

Resonant absorption curves of hypersound in corundun doped
wi th Ni3+.  The Lxtrenal  va lues of  o in  decibels  are indicated
at the arrows. The intensity of the hypersound in the upper
r ight  corner  is  g iven ( in  decibels)  re lat ive to I  = Is  =
= 10 rw/c*2 i  a,  b)  f i rs t  echo s ignal  (accoust ic  path^ length
L = 3 crn) ,  c)  th i rd echo s ignal  (L = 9 cm).  T = 4,2 'K.  HR =
= 3.4 k0e. The nonresonant absorption of the hypersound is
0o = 3 dB/cm.
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These data can be readi ly  expla ined on the basis  of  the ef fect  of  se l f - t rapping of  the
hypersonic beam in the resonance region.  When I  < I . ,  the phase veloc i ty  does not  vary over
the cross section of the beam, and the resonant absoiption is observed against the background
of a general constant nontesonant absorption, part of which is made up of the hypersound loss
due to the d i f f ract ion d ivergence.  Fur ther  increase of  I  causes the beam, whi .ch has in i t ia l ly
at  the entrance to the crysta l  a t ransverse d is t r ibut ion of  the e last ic-osci l l .a t ion ampl i tude,
to become inhomogeneously saturated. As a result, an anplitude-dependent distribution of the
phase veloc i ty  is  produced in th is  d i rect ion.  When H < HR (e < 0) ,  th is  propagat ion is  such
that the beam contracts and the diffraction divergence is decreased thereby. 0n goi"ng through
the resonance,  the s ign of  the d ispers ion of  the phase veloc i ty  is  reversed.  Therefore for
H > HR (e > 0)  the d is t r ibut ion of  the phase veloc i ty  increases the d ivergence and there is  no
self-trapping. The beam contraction gives way to expansion because of the defornation of the
resonance curve and the shift of the rnaximum towards H t HR. When I = IcP the contraction of
the beam at H < Hp and lel = f becomes equal to the diffralt ion diverg"nE6i, corresponding to
the decrease in the nonresonant absorption by an amount equal to the diffraction loss. This
decrease is registered in the form of a negative absorption, equal in modulus to the value of
these losses.  An est imate of  I " r ,  corresponding to z ' . r -  determined f rom (4) ,  agrees wi th the
measured value of  I  a t  negat ive absorpt ion (see the f i6 . l re) .  The value of  the negat ive reso-
nant  absorpt ion agrees a lso wi th the d i f f ract ion losses obta ined on the basis  of  a calculat ion
for the employed beam geometry and the length of the acoustic path and the crystal [3].

It should be noted that when I t> I.r hypersound can become self-focused in a mediun with
resonant centers, and can also become unstable against perturbati.on in the propagation constants
over  the cross sect ion of  the bean,  so that  the beam can becone st rat i f ied.
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