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It is shown that in the limit as n— oo, at space dimensionalities 2 <d <4, a phase transition into spin glass
takes place in a magnet with random anisotropic exchange. This transition corresponds to Bose condensation
into the first localized state of the random exchange-interaction matrix. The local frozen magnetization in the
low-temperature phase is determined by the wave function of this state. The order parameter, the field
conjugate to it, and two generalized susceptibilities, which become infinite in the low-temperature phase, are
determined. This fact attests to the presence of a soft mode in the system. The behavior of various
thermodynamic quantities in a constant magnetic field and in a random one is investigated. The correlator of

the local frozen-in magnetization is calculated.

PACS numbers: 75.30.Kz, 75.30.Cr, 75.30.Sg

1. INTRODUCTION

Many recent papers deal with phase transitions in
strongly disordered magnetics of the spin-glass type
(see, e.g., the reviews'?). Inalmost all the papers,
the theory is passed on the Edwards—Anderson order
parameter.® There is at present, however, no suf-
ficient understanding of the stability of this order pa-
rameter to fluctuations (see, e.g., Refs. 4-6).

Hertz, Fleishman, and Anderson (HFA)" have de-
veloped in this connection an alternate approach to
spin-glass theory. In this approach the paramagnet—
spin glass phase transition is associated with the mob-
ility edge, and the frozen local magnetization in the
spin-glass phase corresponds to the first delocalized
eigenstate of the random exchange-interaction matrix.
What takes place here is, in essence, a transition of
the type of Bose condensation in this state.

However, the model with random Heisenberg ex-
change interaction, investigated by HFA, is too com-
plicated, and it was therefore impossible to obtain a
consistent solution of the problem. HFA could advance
only intuitive ideas concerning the character of the sol-
ution. In particular, it has turned out that for magnets
with random exchange with »>2 (x is the number of the
spin components) there is no phase transition into spin
glass at any dimensionality of space.

We consider in this paper an exactly solvable spin-
glass model, namely a problem with random anisotrop-
ic exchange in the limit as n—~ <. It turns out that a
transition into the spin-glass phase takes place in such
a system. This transition is analogous in many re-
spects to the phase transition in an ordered magnet as
n—«, which is known to be equivalent to a phase tran-
sition of the Bose-condensation type in an ideal Bose
gas in terms of the variables N and T. Therefore in
our case this transition turns out to be equivalent to
Bose condensation into the first delocalized state of a
disordered system, while the frozen magnetization is
determined by the wave function of the first delocalized
state of a random exchange-interaction matrix.

Thus, the situation investigated by use corresponds
fully to the HFA approach, except that the solution is
carried through to conclusion. The frozen magnetiza-
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tion obtained by us, at space dimensionalities 2<d

< 4 has all the properties typical of spin glass. In
particular, the correlator of this local magnetization
is calculated. The order parameter is the quantity M,
with the Edwards-Anderson parameter ¢ =M ? playing
the role of the Bose-condensate density (just as in or-
dinary Bose condensation the order parameter is W
and not p,=[(¥)|?). We investigate the behavior of such
a system in a constant magnetic field, in a random mag-
netic field, and in the field conjugate to the order pa-
rameter M. We calculate the usual susceptibility, the
susceptibility connected with the parameter ¢, and two
susceptibilities connected with the order parameter M.
The last two become infinite below the Curie point, thus
attesting to the presence of a soft mode in the system.
We note that since the initial Hamiltonian is not invar-
iant to the O(n) rotation group, this soft mode is not
connected with rotation of the local magnetization, but
is apparently connected with the usual invariance of the
order parameter with respect to the group U(1) in Bose
condensation. This means that the system contains a
certain hidden symmetry.

It is important to note that in our model there are no
localized states of the random-exchange matrix. This
makes the model greatly different from real systems.
It seems to us, however, that the study of such a sim-
plified model is nevertheless of definite interest. Of
fundamental interest, in our opinion, is the possibility
of correctly defining in the spin-glass problem the ord-
er parameter, the conjugate magnetic field, and the
susceptibility corresponding to this order parameter,
inasmuch as these questions are the most important
from the point of view of the theory.

We note, however, that all our results pertain only
to the case n— =, At finite » it is perfectly possible for
the situation to change completely already in first order
in 1/n. It is possible, in particular, that the lowest
critical dimensionality for the spin-glass phase, which
in our case is two, will become equal to four.

We indicate now two possible realizations of our mod-
el. We note first that a particular case of our prob-
lem is a magnet with randomly rotating anisotropy (this
case is obtained by putting J%°=6,J,,in Eq. (1) and
bearing in mind that in our case the fluctuations of J,;
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are Gaussian, which differs somewhat from the usual
random anisotropy). Random anisotropy is realized in
many amorphous magnets. It is interesting to note that
the expression obtained in the last section for the cor-
relation radius coincides with the estimate of Imry and
Ma® (although they have considered random fields, it is
easy to show that their estimate is valid also for random
anisotropy).

The second possible realization likewise involves
amorphous magnets. It sometimes happens that in such
magnets a random rotating anisotropy acts directly on
magnetic atoms that effect an indirect exchange between
other atoms. It is easily shown that random anisotropic
exchange takes place in this case.

2. DERIVATION OF BASIC EQUATIONS

We choose the Hamiltonian in the form
H

T T VM, — — ZI.. mem®

ihap
+%; (m2)*+ 8%; (mﬂ)z(m(’)z_‘;’_; m®. (1)

Here m{ are the spin variables (i and @ number the sites
and the components, respectively), v,, is the exchange
ferromagnetic integral, J‘;: is the random anisotropic
exchange integral, T is the temperature, A is the in-
teraction constant, & is the external magnetic field,

and a is a constant, We assume that the random ma-
trix J% has a Gaussian distribution and

af 1
<Jﬂ’,l’v: = 7 I(l’;—l‘,.) (6‘,6,,,.60,5“-{'6‘,,.6‘,6“5;1) . (2)

We are considering thus a system with a nonrandom
ferromagnetic interaction v,;, and with a random aniso-
tropic exchange J°‘” We shall assume hereafter that
n— « and confine ourselves to the zeroth approximation
in 1/n. For convenience in the calculations we assume
the magnetic field to be diagonally directed, with |h|
=hn'’?,

We note that a Hamiltonian of the form (1) with the
usual random exchange is usually investigated (see,
e.g., Ref, 7). We, however, investigate a system with
random anisotropic exchange, and this problem can be
solved exactly as n~«, The Green’s function is in this
case

Gas (ri—12) ={m*m*> =084yG (r(—ns),
G(r)=d j' T2“"%&(1‘)e-'", (3)

(G (k) ]-'=1/a—2v(k)/T—Z.

Here & is the volume of the unit cell and Z is the self-
energy part. As n— =, Z is determined by three diag-
rams (see a and ¢ in Fig. 1). The block shown in Fig.

c is interpreted in Fig. d. A straight line corresponds
to a complete Green’s function, a dashed one to the in-
teraction A, a wavy line to the correlator I(r), and the

arrows represent the external magnetic field.
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Calculating these diagrams, we obtain the following
expression for Z.

S=41,Go/ T*—AP,/2,
¥ G (k=0)

Py=G, + — ———t——
° T° 1—4LI/T )

Go=d* j WG(R),

O,=d* j (2—),@(1(), I,,=I(k=0)=r2'1(r).
We note first the following. As seen from Figs. a and
c!

Po={(m)®. (5)

If we take this fact into account, then Eq. (4) can be
easily obtained by splitting the fourth-power term of the
Hamiltonian (1):

Y (me)r(mé)r2n<(mty» 2 (ms®) ==zru.°.,2l (m&* ()

iaf
This makes the Hamiltonian (1) quadratic, and we obtain
from it directly our needed expressions, particularly
the one for €, and use next (5) as the self-consistency
condition. This is the usual method of taking the fourth-
power term into account as n -, and we shall use it
hereafter.

From (3) and (4) we get

[G (k) 1= =1/a+APy/2—41,G/ T*—2v (k) /T.

(7
This formula contains two parameters this must be
determined, P,and G,. To take the term with G, into
account, we consider the problem of the spectrum of the
random-exchange matrix J3?+v,,6,5 To this end we
write down the Schrodinger equation

E (];ﬂ+vih660)ahb=maia (8)
L]
and obtain the correlator R(w,k) of the operators a and
a* and the state density p(w). In the limit as n =
these functions are calculated exactly from the simple
equation (corresponding to diagram b).

[R(0, k) ]"'=0—v(k)~LRi,

_ 9
Ry=d* j—(z——)—;R(m K),

p(0)=—1m Ro(w)/x.

Treating P, in (7) as a parameter, it is easy to connect the
Green’s functions of our problem withthe Green’s functions
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G(k)=13{i(i

a-rrdz (7)) -

2)a)

ple)do
1/a+APo/2—20/T

(10)

We have thus replaced the problem of determining the
parameter G, in (7) by a solution of the problem of the
spectrum and the Green’s function of the random-ex-~
change matrix. To close the system of equations we
must write down a self-consistency equation for P,.

To this end we introduce the quantity

® (o) =M (0)/[1-LIL(}],

()= d“j—(—é——);R (k o), (11)
plo’)do’
®(0)=- _j (0—0'+id)* "’

The last equation is easily obtained from (9), and is
valid only in the forbidden band, but this is precisely
the case of interest to us. From (4) and (9)-(11) we
obtain the following equation for P

P p(e)do AR? ple)do
" J/ataP/2—20/T T J (M/a+rP/2—20/T) ' (12)
G*(k=0) _ R['/aT (1/a+APy/2), k=0] _

A=

M,  ILIY.T(1/a+rP/2)]

Since the functions R{w,k), R,(w), and I1,(w) can be re-
garded as given, Egqs. (10) and (12) comprise a closed
system of equations for the Green’s function. We shall
investigate them in detail below. At present, however,
we note the main consequences of these equations. It is
seen from (12) that at =0 this equation is equivalent
to the Bose-condensation problem in terms of the var-
iables N and T, in a system with a specified state den-
sity p(w). The phase transition will take place at a
temperature T, determined from the equation

1/a+APy (T} [2=200/ T, (13)

where w, is the edge of the band in the problem of the
spectrum of the random exchange matrix (it is known®
that in this problem there is no region of localized
states as n— =, therefore w, separates the forbidden
and conduction bands). Bose condensation takes place
in a state C§; corresponding to the energy w,, and this
results, as will be shown below, in local quenched mo-
ments M ¢ whose statistical properties are determined
by the correlator K(r). These quantities are equal to

S=(m®>r=(nN)"MC.",.

(14)
CMEMP o —M0a5K (r—T,),

where (- -+)pand ¢ - )., denote averaging over the
temperature and over the configurations, N is the num-
ber of sites in the crystals, and M is the order param-
eter. We shall show below that K(r) decreases expon-
entially at large distances, i.e., there is a finite cor-
relation radius in which M ¢ is completely turned, and
obviously (M), ., =0. This means that the Bose con-
densation took place into the spin-glass state.

We note also the following fact. If the system con-
tains in place of a constant magnetic field a random
magnetic field with a Gaussian distribution and with a
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correlator

(h.'h,f)sé,,ﬁ.kh’,
then we get in place of the diagram c the diagram e,
where the cross denotes the correlator of the random
fields, Carrying the same calculations as before, we
obtain again Eq. (12), but with A=1. It is of interest
to note that in a constant field at v(k)=0 we also have
A=1. On the other hand it turns out that A is finite
near the Curie temperature, and therefore we can re-
gard it in (12) as an inessential constant (of course, only
in weak fields). Physically this means that the constant
field acts on our system in the same way as the ran-
dom field. This is easily understood. Actually, for
random frozen magnetization the only thing that mat-
ters is whether the magnetic field is directed along M,
or not. Therefore both types of field act on our system
in the same way. The situation is different if the ex-
ternal magnetic field is correlated with M,. In this
case it will act entirely differently, since such a field
is conjugate to our order parameter. The equation for
P, in such a field is the equation of state for our sys-
tem. Let us derive this equation. The term corre-
sponding to this field in the Hamiltonian is of the form

AH 1

T T h*mé,

i ( 1 5 )
hé=hM&|M=hs(nN)"Cof.

Substituting (15) in (1) in place of the last term, uncoup-
ling the fourth-order term in accordance with (6), and
diagonalizing the Hamiltonian, we obtain

H 1 1 /1 AP, y
7=—72m17’hz+'2—(— .)Zﬂh—'—‘mo(n]v)h
A

= Z:‘ meCd, Po= ;ﬁ Z (m®,

where Cf,. and w, are the eigenfunction and eigenener-
gies corresponding to the states \ of the random-ex-
change matrix. From (16) we easily obtain

(16)

(mpy=s (n) * 5
Y T Vet aP2—20T

(> —<md*=(1/a+APo/2— 20, T) . (17)

Recognizing that the sum over X goes over into an in-
tegral with respect to w with weight p(w), we obtain
from (17) the following equation of state:

plo)do
Pt 1/a+APo/2—20/T ' (18)

3
= —To—(i/a+hPa/2—2(oo/T) -1,

Equation (18) is completely analogous to the equation
of state of an n-vector model in an ordered system as
n— = (Ref. 10), and is equivalent to the problem of
Bose condensation in the variables N and 7.' The
quantity M is the order parameter and analogous to
magnetization in an ordered system. It follows from
(18) that in our problem the role of the transverse sus-
ceptibility x, and of the longitudinal susceptibility X,
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are assumed by the quantities

M 1
XL = W= —1—,(1/a+}.P°/2—2co./T) -1
° (19)
oM
%X oy

It follows from (19) that at T< T, the susceptibility is
X, ~h3' as hy~ 0. As will be seen below, X, ~1/k}/?,
i.e., X, also diverges at T<T_, just as in the ordered
case. It follows therefore that a soft mode is indeed
present in the problem.

3. CALCULATION OF THE CORRELATOR R(wk) AND
OF THE STATE DENSITY

As seen from the result of the preceding section, to
solve the problem we must know the correlator R(w,k)
and the state density p(w). These quantities are defined
in Eq. (9). In the general case this equation cannot be
solved analytically. We shall therefore solve it in two
particular cases: first, at v(k)=0, and second in the
case of weak disorder, i.e., at v(0)> I/ near the edge
of the band, and confine ourselves in the latter case to
space dimensionalities 2<d<4. In the first case we
have from (9) (Ref. 9)

R(w,k) =[o—(0’—41,)"]/2],,

(20)
p(@)=(4l—a*) "8 (4l,—w?) /2,

We see that in this case R(w,k) does not depend on k.

We consider now the much more interesting second
case. Inthe case of weak disorder, i.e., at I,<v%(0),
the main singular contribution is made by small k.
Separating in (9) the contribution of the small 2, we
obtain for w, from (9) the following equation, which is
simply related to R:

01—20)""— (0—I:R, reg—0(0)) =0,
o=0—[R—v(0),

L dx 1t L&

p* (2n)* z2(z*+1)  4np*’

B [ 1
ores™ I @n)° v(0)—v(k)’

E=
(21)

v(k)=v(0)—pk?,
p(0)=Im o,/nl,,

[R(o, k) ]*=0,—v(k)+v(0).

kd<1,

As seen from (21), the state density becomes differ-
ent from zero where w,(w) has a branch point. The en-
ergy w, at which this takes place is the edge of the
band. At this energy, however, the equality w,(w)=0
is not at all obligatory, and then R(w,,k=0) does not
become infinite. It is seen, however, from (11) that
the two-particle Green’s function becomes infinite at
this energy if p(w)~w® with «<1. This means that at
w = w, there is produced also conductivity, i.e., there
is no region of localized states in this model.

Solving the equation for w, in (21), we obtain near w,
01=0—0,+§(0—a,) "+E4,

0= (0)+I.R, ree—§ /4, ©1(@o) =%¥*/4,
p(0) =t(0i—0)"8(0—0)/nl..

(22)
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It is seen from (22) that actually w,(w,) does not vanish.
Near the edge of the band

R(0o, k) =1/B(K*+x%), x=%/28",

(23)

which leads to a finite correlation radius of the mag-
netization correlator below T,.

At d #3 dimensions, Eq. (21) takes the form

(d~2)/2

080, —(@—LRy reg—v(0)) =0. (24)
The integral that determines £ in (21) then diverges at
d=2and d=4. 1t is clear therefore that these are the
borderline dimensionalities. Obviously, d=2 is the
lower critical dimensionality, and at d=4 the charac-
ter of the solution for weak interaction simply changes.
In the interval 2<d< 4 the solution (24) retains as be-
fore the features of the solution (22), i.e., w,(w,) is
finite and the state density p(w)~ (w —w,)'/? near the
band edge. As seen from (20), in the case of strong
disorder the picture is the same, and it is therefore
clear that at I,~2%(0) the qualitative character of the sol-
ution is preserved. Since only the form of the state den-
sity near the band edge is of importance for the study

of the phase transition, it can be assumed that at 2<d
<4 the square-root state density exists at any degree

of disorder. Inasmuch as in this dimensionality range
only the case d=3 is of interest, we shall consider
hereafter only the three-dimensional case. The main
results connected with the square-root singularity of
p(w) will remain in force in the interval 2<d<4.

We parametrize p(w) near the edge of the band in the
following manner:
P(0))=€z-"'(00_@)lhﬂ(mo—0)y (25)

where w, and &, are certain parameters that can be cal-
culated in the particular cases (20) and (22).

4. SOLUTION OF THE EQUATION OF STATE

We proceed now to solve the equation of state (18).
From (18) we have the following equation for the quan-
tity ¢, which is simply related to P, and to the general-
ized magnetization M:

._4_( ) b Te p(0)do
AT VT e 2 d(0m0) (eto—a)
T 1 lpo 2(1)0 hu 1
] e St o R (26)
T + AT* ¢ p(e)do
T2 T8 ) o0

In the derivation of (26), a subtraction was made from
(18), therefore the integral in (26) is determined at
small ¢ by small w, - and we can use p(w) from (25).
We then obtain

etpe—ah,/e?=r1,

@7
a=AT/16, n=nAT?/8¢,".

In the zeroth order in the parameter k,|717/2 the solu-

tion of (27) is

n? 2T 4t '
e=7[1+—p?—(1+?) ] >0,

<0, (2 8)

e=0,

e=1"/p’, 0<t<kp’
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In the derivation of (28) we cannot simply put z,=0 in
(27), but must assume k, to be a sufficiently small but
finite quantity, Since (27) has been derived at ¢ < w,
~T,, Eq. (28) is also valid under these very same con-
ditions, which hold true at all 7~ u? if A< 1, and only

at 7< g? if A~1, Inthe latter case only the last asymp-
totic formula for £(7) is valid.

It is seen from (28) that € has a kink at 7=0. This
means that the phase transition takes place at ¢ =7
=0. The condition ¢ =0 coincides with Eq. (13). The
condition 7=0 yields an explicit expression for T:

)

‘=—I p(o)do

We—®

(29)

If A\~ 0, then  » w,a® and T, =2aw,, corresponding to
perturbation theory.

We calculate now €, M, X,, and X, below T, in first
order in k,|717%/2, From (27) we obtain readily

e=ho (17 )/(1_%)
=gt (1) (148, (30)

oM
n= =p/4o/ by t]*,
0

xo=1/2e=(|x|/a)"/ h,.

It is seen from (30) that the susceptibilities below T,
are X, ~1/h, and x, ~1/h}’2, just as for an ordered sys-
tem.

At 7> 0, naturally, the two susceptibilities are equal

Kn=xL=1/2e=p?*/1% (31)
From (30) and (31) we determine the critical exponents
p=1/2, y=2, 6=5, (32)

corresponding to a phase transition in an ideal Bose gas
in terms of the variables N and T.

5. SUSCEPTIBILITY AND THE EDWARDS-ANDERSON
PARAMETER

The usual physical susceptibility x and the Edwards-
Anderson parameter g are obviously given by

x=G (k=0) = —R{ ( +__), k-o}

q=P,—G,.

We now connect ¢g* with M. We calculate below the
function K(r) that enters in (14), and see that K(r=0)
=1. It follows then from (14) and from the definition of
q that

g=(M#) Do =M. (34)

To calculate x and ¢ at finite % we consider the Eq. (12).
Since it can be readily seen that A is finite at the tran-
sition point, it follows that in the calculation of the
principal singularity at small # we must regard A as

a constant, We then obtain from (12) an equation simi-
lar to (27):

etpe —vh¥/eh=r,

(33)

. (35)
v=nATA/32e,"
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We solve this equation near T,.
term is small, and we have
e'=[t+(v*+4pvh?)"1/2p.

In this region, the first

(36)

As h— 0 we obtain the asymptotic form of (28) at small
T. We calculate now the susceptibility. From the de-
finition of & in (26), it is seen from (21), (22), and (33)
that near T,

2T

E’

It follows from (37) that at 2 =0 the susceptibility has a
kink that becomes smoothed out in a magnetic field.
Thus, a constant magnetic field eliminates the phase
transition. We note that this fact, generally speaking,
is not obvious, since the constant magnetic field is not
the field conjugate to the order parameter. A random
magnetic field acts in exactly the same manner (we re-
call that in this case we need merely put A=1).
have next from (12), (33), and (36)

(37

{1 - —[1.'+ (v+apvht)*] }

4vh?
q= ——— = 2[ (P*+4pvh?) *—<]/AT,
ATe" ) (38)
h*/t, >0 .
~ <|tl.
e {Itl <0’ el

The second formula in (38) agrees with (30) and (34).
It is seen from (38) that the indices corresponding to the
parameter g coincide with their classical values:

§a=1v (39)

Yo=1.
6. CALCULATION OF THE CORRELATOR OF A
LOCAL FROZEN MAGNETIZATION

We calculate now the function K(r) that enters in ex-
pression (14) for the correlator of the magnetizations:

K (ri—1;) =nN<CoCoidcont- (40)

Using the spectral representation for the correlator
R(w,r):

Cr*Cn®
GubR((l) l'i"l'n)_ <Z' P Mm ':LG
A

and assuming that the eigenfunction corresponding to
w, is nondegenerate, since p(w)~ 0 as w—~ w,, we ob-
tain

(41)

K() = lim S2R@1) (42)
oso TP (0)
If v(k) =0, then, as seen from (20), ImR(w, r)
= -mp(w)d,, and we have

K(l‘)_=6ro‘
Thus, in the case of strong disorder, M7 does not cor-
relate even at neighboring sites. In the case of weak
disorder we obtain from (21)-(23)

K(r)=e™,

(43)

(44)

where * is defined in (23).

If I,~ 0, then also % —0 and we obtain in place of spin
glass an ordinary ferromagnet.

For an arbitrary space dimensionality we easily ob-
tain from (24), in lieu of (23), the following expression
for %:

x=p~" (8 (d—2)/2) ", (45)
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Since £~1,, it follows that »~I}/“  which coin-
cides with the estimate of Imry and Ma® for the correla-
tion radius.

In conclusion, the author wishes to thank I.Ya. Koren-

blit and S.V. Maleev for a discussion of the work.,

1p, W. Anderson, J. Appl. Phys. 49, 1599 (1978).
%A, Blandin, J. Phys. Collog. 39, C6-1499 (1978).

3S. F. Edwards and P. W. Anderson, J. Phys. F5, 965 (1975).

4J. R. de Almedia and D. J. Thouless, J. Phys. A11, 983
(1978).

SA. J. Bray and M. A. Moore, J. Phys. C12, 79 (1979).

SE. Pytte and J. Rudnick, Phys. Rev. B19, 3603 (1979).

'J. A. Hertz, L.Fleishman, and P. W. Anderson, Phys. Rev.
Lett. 43, 942 (1979).

8Y. Imry and S. Ma, Phys. Rev. Lett. 85, 1399 (1975).

SF. J. Wegner, Phys. Rev. B19, 783 (1979).

Vg, Brezin and J. Zinn-Justin, Phys. Rev. Bl4, 3110 (1976).

iy, 3. Emery, Phys. Rev. B1l, 239 (1975).

Translated by J. G. Adashko

Investigation of the spatial distribution of acoustic
radiation resulting from emergence of a dislocation pile-up

on a surface

V. S. Bolko and L. F. Krivenko

Physicotechnical Institute, Academy of Sciences of the Ukrainian SSR, Kharkov
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Zh. Eksp. Teor. Fiz. 80, 255-261 (January 1981)

Measurements are reported of the spatial distribution of the various components of the stress tensor in the
field of transition acoustic radiation generated on emergence of a pile-up of dislocations on the surface of a
crystal or on formation of such a pile-up near the surface and its subsequent penetration into the crystal.
Theoretical relationships are obtained for the emission of transition sound as a result of emergence of a planar
dislocation pile-up and of a Peierls dislocation on the surface. Allowance for the finite width of the dislocation
core makes it possible to remove consistently the divergence of the radiation fields and to relate the
characteristics of the leading edge of an acoustic radiation pulse to the core width. The components of the
stress tensor and of the vector describing the velocity of elements of the medium in the leading edge of an
acoustic pulse are inversely proportional to the square root of the width of a dislocation core. A comparison
of the experimental and theoretical results made allowing for the influence of the crystal anisotropy
demonstrates validity of the theory of transition radiation in describing the spatial distribution of acoustic
emission when a pile-up of dislocations emerges on the surface of a crystal.

PACS numbers: 62.65. + k, 61.70.Le

1. INTRODUCTION

Natsik® used the physical analogy between two field
theories-electrodynamics and theory of elasticity-to
consider theoretically the transition emission of sound
by a dislocation emerging on the surface of a crystal, in
the same way as the transition emission of electromag-
netic waves has been considered earlier.? The first ex-
perimental investigation of the transition emission of
sound was reported in Ref. 3. Among the latter inves-
tigations it is worth noting Ref. 4 reporting the first
experimental identification of the transition acoustic
radiation in its pure form. Investigation of the transi-
tion emission of sound is of general physical interest
because it demonstrates the existence of transition ra-
diation for waves of different origin.® Moreover, such
investigation provides a physical basis for one of the
promising nondestructive testing methods, which is the
method of acoustic emission.

Comparison of various mechanisms of the emission
of sound by moving dislocations, discussed by Natsik
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et al. in developing a theory of acoustic emission (for
details see the review in Ref. 6), shows that under the
conditions usually encountered in plastic deformation
the greatest contribution to the acoustic emission is
made not by the accelerated motion of dislocations but
by the process associated with the appearance or dis-
appearance of dislocations. Formation of dislocations
near an interface followed by penetration into the med-
ium is also accompanied by transition radiation. The
appearance of dislocations inside a crystal, which-in
accordance with the law of conservation of the Burgers
vector-is possible only in the form of pairs of disloca-
tions of opposite signs, is accompanied by annihilation
radiation. The disappearance of dislocations by emer-
gence on a surface or by annihilation inside a crystal is
also accompanied by transition or annihilation radiation,
respectively. Inan earlier paper’ we reported an ex-
perimental investigation of the annihilation radiation,
whereas in the present paper (which is a direct contin-
uation of the investigations reported in Refs. 4 and 7)
we shall give the experimental results obtained in a
study of the transition radiation.
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