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During the motion of a defect in a crystal from one equilibrium position to an adjacent one, the associated
localized mode (l.m.) undergoes large excursions, and large anharmonic forces are introduced. A new formu-
lation for the resulting mode interaction is presented which appears more appropriate for this process than
the usual expansion procedure. It is based on the introduction of curvilinear coordinates in configuration
space. One coordinate line, @y, represents the motion of the system due to the large 1.m. excursions, while
the effect of the nonlocalized modes (n.J.m.) is to produce small oscillations orthogonal to €;. Anharmonic
effects produce a finite curvature of €; and it is shown that the rate of energy transfer from the l.m. to the
n.l.m. is proportional to R~2, where R is the radius of curvature of €.

1. INTRODUCTION

F a crystal defect gives rise to a localized mode (1.m.)
of vibration, then it is clear that this mode will play
an important role in the thermally activated motion of
the defect. The localized mode energy is determined by
the energy associated with the atoms in the defect
vicinity and therefore for the defect to surmount its
potential barrier it generally will be necessary that the
localized mode have at that time an energy of the order
of the barrier energy rather than its equipartition
value.

The excited 1.m., which gained its excess energy by
the anharmonic coupling between modes, will also
eventually lose this excess by the same mechanism. The
rate at which this loss proceeds has a bearing upon two
closely related aspects of defect motion, (1) the heat of
transport associated with the motion, and (2) the ir-
reversibility of the process. To fix ideas consider the
motion of a vacancy when it interchanges sites with an
adjacent atom. As pointed out by Oriani,* the vacancy
will, in a certain sense, carry the l.m. with it and there-
fore the energy which this mode retains during the
motion will represent an important component of the
heat of transport. Secondly, the energy which it retains
will determine the probability of the immediate return
of the jumping atom to its original site.?

For simplicity, we confine attention in this paper to
the case in which there is only a single l.m.? Then the
energy loss of the excited L.m. may be considered to take
place in two steps. First there is transfer of energy from
the 1. m. to the nonlocalized modes (n.l.m.). Initially
this rejected energy is contained in a localized wave

* This work was done while the author was on leave at the
Material Mechanics Laboratory, Faculty of Mechanical Engineer-
ing, Technion, Haifa, Israel.

TR. A. Oriani, in Thermodynamic and Transport Properties of
Gases, Liquids and Solids, ASME (McGraw-Hill Book Company,
Inc., New York, 1963), p. 123; R. A. Oriani, J. Chem. Phys. 34,
1773 (1961).

28, A. Rice and H. L. Frisch, J. Chem. Phys. 32, 1026 (1960).

31t is possible that in the immediate neighborhood of the
stable equilibrium configuration only a single l.m. exists but that
others may come into existence during large excursions of the
defect. This is the case, for example, in the model employed by
J. H. Weiner and W. F. Adler, Phys. Rev. 144, 511 (1966). This
eventuality is not treated in this paper.
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packet of n.l.m. and is therefore available for return to
the Lm. within short times. The energy in this wave
packet subsequently spreads out through heat conduc-
tion and then may become available for return to the
Lm. only after a period of the order of that between
jumps. Only the first step in the process is treated here.

The usual method of treating mode interaction is to
expand the potential-energy function up to cubic or
quartic terms in the normal coordinates and to de-
termine the effect of these anharmonic terms.* The
large atomic displacements which occur in defect mo-
tion may be expected to introduce anharmonic effects
which are too severe for such expansion procedures. In
this paper, a new formulation is presented which appears
more suitable for this process. It corresponds to the use
of curvilinear coordinates for configuration space rather
than the Cartesian coordinates employed in the expan-
sion procedure. One curvilinear-coordinate line €,
represents the motion of the system due to the large
L.m. excursions, while the effect of the n.l.m. is to pro-
duce small oscillations orthogonal to C;.

In order to motivate the procedure followed, a simple
model with two degrees of freedom is described in Sec.
2 which illustrates the physical principles involved. The
general curvilinear formulation is developed in Sec. 3.
It is employed in Sec. 4, together with some simplifying
assumptions, to compute energy transfer from the
excited L.m. to the set of n.l.m.

2. MODEL WITH TWO DEGREES OF FREEDOM

We start by consideration of a simple model with
two degrees of freedom which illustrates clearly the
physical principles involved. It corresponds to a particle
of mass m moving in a potential field which, in cylindri-
cal coordinates (7,0), assumes the form

V(r,0)=2a(r—R)*+38R2? for |6]|<6<w, (2.1)

where a, 8, and R are non-negative constants. Only
motions restricted to the stated range of 6 are con-

¢ See, for example, A. A. Maradudin, Ann. Phys. (N. Y.) 30,
371 (1964); W. M. Visscher, Phys. Rev. 134, A965 (1964). These
treatments are, however, quantum mechanical, whereas the present
one employs only classical mechanics.
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Fic. 1. Potential surface for a model with two degrees of freedom.
Potential trough center-line CC’ lies in cylindrical surface of radius
R. The equation of CC’ in cylindrical coordinates is 7=R,
V=3BR%?2; |6| <6,. The equation of cross sections A4’ is 6= %=06o,
V =3a(r—R)2+3BR%,?; the equation of cross section BB’ is §=0,
V=3a(r—R)

sidered, if B70. The equations of motion then assume
the form

mb+(BR2/r?)0= (—2m/r)6i,

2.2
mit+a(r— R)=mr6?2. 2.2)

The model is conveniently visualized as that of a sphere
rolling on a curved surface whose height above a plane
is given by the function V(r,d) of Eq. (2.1), Fig. 1.

If R is infinite there is no coupling between the
motions in the 7 and 6 directions. Also for the case,
B=0and R finite’ the possibility exists for steady motion
in the @ direction with a constant value of 7> R so that
the potential field force just balances the centrifugal
force. However for R finite and §5%0, it is clear that
if there is oscillation in the 6 direction, motion in the
radial direction will be excited. The analogy intended
here is between the circumferential mode and a l.m. in a
crystal on the one hand and the radial mode and a
n.l.m. on the other. Thus, from the present viewpoint,
it is the curvature of the potential trough which causes
the energy transfer between these modes. This approach
may be contrasted with the usual one in which the
potential energy function is expanded in a power series
in = (r— R) cosf, y=r sinb, that is by use of rectangular
cartesian coordinates centered at the equilibrium po-
sition and directed along the principal axes of the
potential energy function there. Then,

V (x,y) = sax?+3By>-+higher order terms
y y

and the coupling between the modes may be ascribed
to the cubic and higher order terms. This formulation,
however, puts both modes on an equal footing and does
not reflect the fact that the anharmonic effects are due
primarily to the excursions of the circumferential mode
and not to the radial mode.

The analogous situation occurs for a l.m. due to a
crystal defect. The anharmonic effects in a crystal
increase with the relative atomic displacements from
the equilibrium configuration. In a crystal with N
atoms, the displacements in the nlm. are O(N7'2)

5 This then becomes the model introduced by D. Bohm and G.
Carmi, Phys. Rev. 133, A319 (1964).
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while the displacements in a l.m. in the defect vicinity
are O(1). Thus with equipartition of energy the contri-
bution of the Lm. to the anharmonic effects is much
greater than that of any single n.l.m.% This is even more
the case during defect motion by thermal activation,
when the l.m. has an energy many times its equiparti-
tion value.

It therefore appears desirable to develop a formu-
lation for l.m.—n.l.m. interaction by the use of curvi-
linear coordinates in configuration space analogous to
the cylindrical coordinates employed for the model with
two degrees of freedom. This is done in the next section.

3. CURVILINEAR COORDINATES FOR
CONFIGURATION SPACE

For notational simplicity, we confine our attention
here to the case of a linear chain of NV identical particles
of mass m, although it will be seen that the same type of
discussion applies as well to the general, three-dimen-
sional crystal. The equations are first derived in a form
valid for arbitrary N. The substantial simplifications
possible for V large are introduced subsequently.

Let ®;, i=1, .-+, N be the displacement of the ith
particle from its position in a stable equilibrium con-
figuration and V(x1,- - -,xx)=V(x) the interaction po-
tential energy function. Then, in the absence of external
forces, the equations of motion of the system are,

mx,+(aV/6xz)=O, Yy N. (31)

We may regard the configuration space of the system
as an N-dimensional Euclidean space with x; as rec-
tangular cartesian coordinates, that is with metric
ds?=dx;dx;. Here, and in what follows, unless otherwise
indicated the summation convention on repeated
indices is employed, with the range of latin indices
1, ---, N. It is convenient to introduce e; as a set of N
constant unit base vectors for this space directed along
the x; coordinate axes and rewrite Eqgs. (3.1) in the
form

i=1, -

md&jej-l— (6V/6x,-)ej=0, (32&)
or

mi+VV=0, (3.2b)

where x(f)=x;({)e; is the position vector of the system
in configuration space at time £,v({) =x(f) = @;(t)e; is its
velocity and V=(d/dx;)e; is the gradient operator.
Let V;(x)=(92V (x)/dx:9x;) be the matrix of second
partials of the potential energy function with ortho-
normal eigenvectors a;(x). We are concerned here with
the case in which the chain contains an imperfection
(e.g., a vacancy or dislocation) which gives rise to a
single localized eigenvector a;(x), i.e., one whose compo-
nents are small except for atoms in the neighborhood of

6 On the other hand, the number of n.l.m.is O(¥) and, as shown
by H. B. Rosenstock and C. C. Klick, Phys. Rev. 119, 1198 (1960),
their collective effect on the relative atomic displacements in the
defect vicinity is of the same order of magnitude as that of the
single L.m.
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the defect. Furthermore, we assume that at some refer-
ence time =0, when the system is passing through the
stable equilibrium position, this mode is highly excited.
It may be expected that the system subsequently will
undergo large excursions along the path ©;, where €,
is the curve’ passing through x=0 and tangent to
a;(x), with the motion of the n.l.m. producing small
vibrations orthogonal to this path. It is therefore
desirable to introduce a curvilinear coordinate system
for the region in configuration space in the neighborhood
of @4, which has @; as one of the coordinate lines, with
rectangular cartesian coordinates directed along a,(x),
a=2, ---, N in the hyperplane perpendicular to C; at
x. In what follows the summation convention is em-
ployed as well with respect to Greek indices which
consistently have the range 2, ---, N. Repeated
indices in parentheses, however, do not participate in
the summation convention.

Let s; denote distance measured along ©; from the
stable equilibrium configuration. Then the parametric
equations x(s) for ©; are the solutions to the system of

ordinary differential equations
dx/dsi=a:(x); x(0)=0.

Since the a;(x) are unit vectors it follows that we may
write

3.3)

da,/dsl=n/R, (3.4)

where n(s;) is a unit vector orthogonal to €; and, in
analogy to the 3-dimensional case R(s;) may be referred
to as the radius of curvature of C; at s;. Explicitly,

d2x(s1) d?x(s1)  d%c:(s1) d?xi(s1)

d512 dS12

R=(s1)= (3.5)

d512 dS12

It is now possible to introduce the coordinate 6 as the
solution to the differential equation

d0/dsi=1/R(s1), 3.6)

where 6 plays the role of the angular coordinate and is
taken as constant on any hyperplane ® perpendicular to
©;. We now denote the eigenvectors of V;(x) for a point
on ©; corresponding to 6 by a;(§) and take the set
a,(f) as the constant base vectors for a rectangular
cartesian coordinate system for ®. This system is
denoted by $a, with s,=0 corresponding to €;, and the
full curvilinear coordinate system for the portion of con-
figuration space of interest is then given by the variables
(6,52,- - - ,sw), denoted in brief by (6,s).

Let £(0) be the vector from an arbitrary reference
point 0 to the point 4 on € corresponding to 6. Let @

7 That is, the vector field a;(x) gives rise to a congruence of
curves in configuration space such that the curve of the congruence
passing through the point x is there tangent to the vector a;(x).
The curve €; is then the particular curve of the congruence which
passes through x=0. Note that from the present viewpoint anhar-
monic effects exhibit themselves through the variation of the
eigenvectors a;(x) with position and in their absence €; is a
straight line.

LOCALIZED-MODE ENERGY LOSSES IN LARGE EXCURSIONS

599

7

o &
s CAzR

W« ¥ Cler

UANE
@)
e@.s)
0,

F16. 2. Curvilinear coordinate system in N-dimensional con-
figuration space. @ is the curve which passes through the stable
equilibrium configuration and is everywhere tangent to the eigen-
vector a;(x). The hyperplane @ is spanned by the remaining
eigenvectors, a.(x), and is thus orthogonal to €;. Remaining
quantities are defined in text, from Eq. (3.4) to Eq. (3.12).

be the hyperplane through 4, and s the vector from 4
to an arbitrary point B in ®. Then the vector ¢ from
0toBis

0=E(0)+s=¥£(6)+s.a.(). (3.7)

If the motion of a system is given by the functions
0(2), sa(?), its velocity is

V=0=08/0l+$a8at Salla

dE  dag\
= (——}-sa—)B-{—s'aaa . (3.8)
a0 do
From Egs. (3.3) and (3.6) it is seen that
d&/d8=Ray.
We may express da,/d6 in terms of a;(f) as
da; da; —da;
7 =Widj; W= = ay=—wji, (3.9)

where the antisymmetry of the matrix w,; follows from
the orthonormality of the vectors a,. In particular, by
use of Egs. (3.4) and (3.6),

w1e=(da1/df) - a,=n-a,=n,. (3.10)
We may now write the system velocity as
V= (R+Sawa1) 021+ (Sotsgwpat) 2y
=r€al+ (s'a—l—s,gw,gaé)a.,:viai, (311)
where
7(0,5)=R—saw1e=R—s-n, (3.12)

and is thus the distance of the point D, the projection
of B on n, from the local center of curvature C of @,
(Fig. 2).
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Thus far all quantities have been referred to the local
orthonormal frame a;(6) and accordingly all indices have
been written as covariant indices. In order to express
the gradient operator in the (6,s) system, it will be
convenient to consider here the covariant and contra-
variant base vectors g; and g%, respectively. From Egs.
(3.7), (3.9), and (3.12),

81=00/00=Ra+s.da./d0= Rai+s.wa:a;

=ra1+Sewapag, (3.13)

go=00/05a=2a,.

The contravariant base vectors g* may be found most
readily by use of the relations

gi,g],= 6.1'i7

where 8,7 is the Kronecker delta. The results are

gl=a,/r; §2=a,— (Spwp.a1/7). (3.14)
The gradient operator V is then
a a 179 (V] i}
“gl.{___ga:—(——-—sﬁwﬂu——-)al-{——aa. (315)
a0 0S¢ r\of 0Sa 0Sa

By use of Egs. (3.11) and (3.15) the equations of
motion, Eq. (3.2), may now be rewritten as

1 GV SpWLa oV

miyt———— — = — VWl =moan.b, (3.16a)
r 90 7 OSq
v i . A
M gt——=—mv;0;a0 = —mr(6)*no—mvgwgal. (3.16b)
0Sa

The curvilinear-coordinate formulation of Egs. (3.16)
may be contrasted with the expansion formulation
obtained by expanding the potential energy function to
cubic terms. The latter leads to a Hamiltonian of the
form

H=Hyt+He,
where
Ho=% 2 u(P*/m+XuQwm?)

Ve=% 2k AinQQ0k,
where the coefficients 4,;; may be taken as completely

symmetric. This leads to the system of equations of
motion

(3.17)

mQit A Q=2 AinQiQs.

In the curvilinear-coordinate formulation the right-
hand forcing terms depend primarily upon velocities
whereas in the expansion procedure they depend only
upon the coordinates. Also, and what is more significant,
in the expansion formulation the total energy to be
ascribed to the modes, Hy, does not remain strictly
constant during the motion; this is only the case for
the total energy H. This makes it possible, in the ex-
pansion procedure, to speak of energy transfer between

(3.18)

H. WEINER

152

modes only for the case in which the coupling energy
V¢ is very small compared to the mode energy H,.

On the other hand for the region surrounding @, for
which the (6,5) coordinate system is allowable, the
curvilinear coordinate formulation is fully equivalent
to the original equations of motion, Eq. (3.1), no other
assumptions having been made. In particular, the con-
servation of energy of the system may be derived from
it by multiplication of Eq. (3.16a) by v; and Eq. (3.16b)
by v and summing. If use is made of the expressions for
5, Eq. (3.11), and of the antisymmetry of w;;, the ex-
pected result

d (m .
"‘<_‘1’)ﬂ'}i+ V) = —mviv,-wiﬂ: 0 (3. 19)
dt\ 2

is obtained. If, therefore, the potential-energy function
takes the form

V(@,S) = V1(0)+Zava(sa) ) (320)

then Eq. (3.19) may be interpreted as expressing the
conservation of the sum of the energies to be ascribed
to the individual modes. The terms on the right-hand
side of Egs. (3.16) then represent the interaction terms
which produce energy transfer between these modes. In
particular, the role of the “centrifugal force,” —mr(6)2,
in transferring energy into the n.lm. is completely
analogous to that in the two-dimensional model of
Sec. 2. '

We consider next the simplifications permissible for
large N and show first that for this case and small
n.l.m. excursions, the potential-energy function V(6,s)
can be put in the separated form of Eq. (3.20). For a
point on @G, at distance si, the value of (3V/dx;)(s1)
may be determined by integration along @; from the
stable equilibrium configuration at the origin. If use is
made of the fact that €; has as unit tangent vector the
eigenvector a;=ay.e; of the matrix V;; it follows that

v o d v a9 gy
—(@)=| ——(o1)do1= / —day
(99(35 0 o1 0X; 0 8xi<'~)xj 60’1

s1 81
= / Vijaijdoy= / M(ov)ari(or)day, (3.21)
0 0

where \i(o1) is the eigenvalue of V;(o1) corresponding
to ai(o1). Also, at any point on @; the unit vector
tangent to the s, coordinate line is a,= a,;e;. Therefore,

14 14 s1
—(51) =—(51) @ui(51) = / AM(o1)@ai(s1)ari(o1)doy,
aSa ax,- 0

3.22
and ( )

av
——(S 1)

S )\l,maxslM )
0Sa

(3.23)

where Ai,max is an upper bound for M(sy) and M is
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chosen so that
|(la5(51)(11i(01)| < laai(sl) l max Z Idh‘((ﬁ) [ <M

for
O_<_O'1SS1.

However, since a, is a n.l.m. and a; is a L. m., we may
expect that as N —o

laa:| =0(N=12); Flawu|=0(1),

i.e., that the Lm. is sufficiently localized so that the
infinite series converges. It follows that M and therefore
| (8V/3s4)(s1)| can be made arbitrarily small by taking
N sufficiently large and, in what follows, it will be taken
as zero. Physically, the calculation reflects the fact that
the additional perturbation of the lattice due to the
Lm. excursion has little effect on most of the lattice and
therefore little effect upon characteristics of the n.lL.m.
For this reason, it is also to be expected that A\,(s;), the
eigenvalues of V;;(s1) corresponding to the n.l.m., will
have negligible dependence upon s; and, in what
follows, will be taken as constants. Finally, since x; is
linear in the coordinates s., and the latter are chosen in
characteristic directions of the matrix V ;= 9%V /dx,9x;,
it follows that

82V/8saasﬁ= Vijaaiaﬂj= )\(@5(«)5. (324)
If attention is therefore restricted to sufficiently small
n.l.m. excursions, so that cubic terms and higher in s,
may be neglected, the expansion of V(f,s) takes the
separated form

V(0,s)=F(0)+% > Nasa®. (3.25)

As a further simplification for large N we note that
we may expect that the derivatives da../d will be
negligible except for a limited number of values of 7
corresponding to atoms in the vicinity of the defect.
Since |ag;| =0(V-1/2), it follows from the definition of
wap LEq. (3.9)] that the quantities wag will be small for
large N and may be taken as zero® for that case. The
equations (3.16) then take the form

mir+(1/r)0F/00=msmaf (3.26a)

Mt N (a)S (o) = — M70%114.. (3.26b)
These equations are also seen to imply the conservation

of the sum of the energies assigned to the individual
modes, that is,

d
Z[%(mlerF(e)H% Y e+ Ny @2)]=0. (3.27)

8 This means that there is no twist of the frame a,(6) along €.
The (0,s) coordinate system then becomes orthogonal curvilinear.
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4. ENERGY TRANSFER

With some additional simplifications, we may use
Eq. (3.26) to estimate the amount of energy transferred
from the l.m. to each of the n.l.m. First of all we re-
strict attention to the case in which the amplitudes of
motion of the n.L.m. are small compared to the radius
of curvature of @y, i.e., |s.(f)|<KR. Then, as a first
approximation, we replace by R in Eq. (3.26b) so that
its r.h.s. is now a function of 6 only. We further restrict -
attention to such time intervals and strengths of inter-
action that the perturbation in 6(¢f) due to the energy
loss to the n.l.m. may be neglected in the r.h.s. of
Eq. (3.26b). Then these equations take the form

-§a+w(a)28(q)=ka(t), wa2=)\.,/m, (41)
where
ho(f)=—nR6? (4.2)
may be regarded as a prescribed function of time.
Denote by ¢=0 the time at which we begin to examine
the interaction of the lL.m. with all the n.l.m. At this
time we assume that the Lm. has an energy E,, greatly
in excess of the equipartition value and we examine its
interaction with an ensemble of n.l.m., where the dis-
tribution of this ensemble corresponds at i=0 to
thermal equilibrium. As the coordinates for the phase
space of the « mode we use its energy E, and phase ¢,.
Then for thermal equilibrium its distribution function
pa(Ea, o) in this phase space corresponds to a random-
phase distribution, that is,
Pa(Ea: ‘Pa) =Pa(Ea) ’ (4-3)
and

<Eoz>t_~_o=/W Ewpo(EL)dE=FkT. (4.4)

A typical member of the ensemble, with energy E, and
phase ¢, at t=0 therefore has initial conditions

56(0)=(2Eq/\a)'/? sine,,

$a(0)= (2E/m)"'? co8 ¢, 4.5)

and has its subsequent motion controlled by Eq. (4.1).
Therefore,

Sa(t)= (2Ea/Na)'? sin(wal+ ¢a)+Haolt), (4.6)
where
1 t
Ho(l)=— / ha(r) Sinwali—r)dr.  (47)

It then follows, because of the initial random distri-
bution in phase, that

<Ea)t=g= kT+E¢’(t) ) (4:.8)
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where E,’/, the energy transferred to the & mode, is

2E, /m=H g+ wo2H .2

=(/ h(a)(T) Sinw(a)(t—T)dT>
0

+</ Ry (7) cosw(,,)(t—f)dr>

¢ 2
=(/ hay(T) sinw(,,)TdT>
0

t 2
+(/ }l(a)(T) COSw(a)TdT> 5 (49)
0

and where the change in argument of the trigonometric
functions may be seen by first rewriting the squares of
the integrals as iterated integrals and then applying
trigonometric identities. It is seen that to the present
degree of approximation, the energy transferred from
the Lm. to the n.L.m. is independent of the temperature
of the latter. In order to make the calculation of E,’
more explicit, we introduce the additional simplifying
assumptions that 7, and R are constant and that

F(0)=3\R202. (4.10)

Then, with the approximations that r~R and that the
effects of the interactions on 6(¢) are neglected,

8(1)= R-1(2E1/\)V? sinwyt , “.11)
ha(t)= (—2n,E:/mR) cos’wit. (4.12)

Let
t=wil; @a=wea/wi. (4.13)

Then substitution of Eqs. (4.12) and (4.13) into Eq.
(4.9) leads to the result

EJ/E1= (2n2E1/mR%w*)ga(t), (4.14)
where i
3 2 i 2
ga(i)=( / cos?r sin&;,,rdr) +< / cos?r cos&:,,rdr)
0 0
Toi—12 1 (Ga2—2)
8(6a7—4)? 2047 20a(@a?—4)(Ga—2)
((:’az_ 2) _
X cos(@e—2)t— cos(@a+2)t
Qora(@a2—4) (@at2)
(02—2) 1
- COS@gl+——— cosdt
@l2(Ba—4) 8(wq2—4)
+————cos2t. (4.15)
2oa2—4)
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As an approximation for the case in which the lm.
frequency is very high compared to the n.l.m. fre-
quencies, i.e. ®,K1, it is found that

!imo ga(§) =3[ 41 sin2i+1 sin22{].  (4.16)

The energy transfer AE,” per half-period of the l.m.
is then given by

AE,) [ Ei=n,2En?/2mR%w? (4.17)

and the total energy transferred by the l.m. per half-
period, AE'=3", AE, is

AE'/Ey= Ein?/2mR%w:2. (4.18)

It is also seen from Eq. (4.15) that a resonance oc-

curs if there exists a n.l.m. with &,=2, that is with a

frequency twice that of the l.m. In this case this
particular g.(f) takes the form

go(8) =75 2+1i sin4i+2f sin2i

—5/4 sin?2{—sin%]. (4.19)

5. CONCLUSIONS

The new curvilinear-coordinate formulation pre-
sented for energy transfer between a localized mode and
the set of nonlocalized modes appears more suitable for
the study of strong anharmonic forces, when the latter
are due to large excursions of the localized mode, than
the usual expansion procedure. With additional simpli-
fying assumptions, this formulation has been employed
to compute expressions for this energy transfer. The
emphasis of the paper has been on the process of defect
motion, but the formulation may also be of use for
other problems of mode interaction. The present
treatment however, is completely classical and there-
fore is only valid at temperature levels sufficiently high
so that quantum effects are unimportant.
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