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A solution is given for an equation of parabolic type describing Then Eq. (7) becomes
diffusion along interfaces under external forces, one of the coefficients
- s P’ < s : s s am 2 t/2 th
l?emg.a fux?cuo'n of time, A particular case of th%s solution is considered azs = (_) Degk exp 45 — EDDg —f (1) Dy . (10)
in which diffusion occurs along grain boundaries in response to external n
forces.

Fisher's model [1] is used for diffusion in a semiinfinite crystal with The solution to this inhomogeneous differential equation is

grain boundaries of width 28, which are perpendicular to the surface of
the specimen; then

O (5. 1) = (%)%Dcoa oxp | — &1 —§f (1) dl]§° x
de a2 dc 2D, . 0 b
T =D ey e ( Py ) ’

A
de, &%, xexp[ %D +52DA-1—Sf( a)d ]dx. (11
T =Dy D>D). @ 8-

We apply to Eq. (11) the reverse Fourier transformation of Eq. (9)

Here D and Dy, are the diffusion coefficients at the boundary and in  get

the volume, c(x, t) and C (¥, 1) are the concentrations in those places,

and w is the rate of transfer of the diffusing particles produced by the oo ¢

external forces., u (@ ) = é—_‘/—n_%exp [_ Sf ) ‘”“]S X
The first equation in (1) describes the distribution at the boundary, ) 9 ¢

the third term representing withdrawal of the material from the bound- w2, 2 di

ary intw the volume, which is described by the second equation in (1), xexp [’ZJ_T + Sf(“) do — M1m . (12

The boundary conditions for (1) are ¢

t

2

) Use of Eqs. (12) and (6) gives
o0, ) = co ¢ (oo, 1) =0, ¢ (z, 0)= 0, (2) Has. (12) (6) giv

!
6 (0, &) =c (2 t) ey(co, 1) = 0, ey (y, 0) = 0.(3) 1) = Co¥ ['—S d
! . ¢z, 1) ZVn—ﬁexP 0f(k) A+
Then, if that withdrawal oceurs in accordance with the law for a
fixed source [1, 2], we may put + wz ] [ w? (t —A)
: b1
2D, ( Be, [
. ("gg‘)y:o =f{)e(, 1) )
z dA
Then the first equation in (1) becomes TEBE=h + S’ (“)d“j‘ G i3
o
de 8% dc We make the change of variable & =1/, 2/ VD (t — A) to get
= Dgm—wyy —f®e 5 ¢ 8
. 00
and is solved subject to Eq. (2). o(z, 1) = Lﬁf x
A solution to this problem has been sought [1, 2] on the assumption ' Va 8T

that dc/dt = 0 for t large, which restricts the range of application of
the solution. The substitution [3] [ g wr \?
Xexpi.— S f(k)dl—(i—m> ]d& . 14
wz wet tex? 4 DE?
¢z, t)y=u (z, t)exp (2—D— - —m-) (6)
This solution satisfies the conditions of Eq. (2); it takes no account

reduces Eq. (5) to of the effects of the external field on the diffusion in the volume, since
the transport rate in the volume is less than that at the boundary by sev-
du 9y eral orders of magnitude.
o = DgE (e (M The complexity of Eq, (14) is due to the general form of f(t),
) which takes account of boundary geometry, diffusion from the bound-
subject to the boundary and initial conditions ary into the volume, etc, The solution may be simplified considerably

for particular cases, For instance, for diffusion at a plane boundary

“ (0, &) = ¢ exp (w™/4D), [2] we have f{(¢) = VD,, / y%, and Eq. (14) becomes

u (oo, f) =0, u(z, 0)=20,. (8)
200 ¢ 2 V[):z—
We solve Eq. (7) subject to Eq. (8) via a Fourier sine transforma= e(w 1) = exp |

tion [4]: 2 VDt
2 2D, )’/z
+ 5 (o=
Usually, Dy is determined independently, so D and w may be

determined by the method of standard curves, which are constructed
by computer methods.

~ (2 —7p¢) }da (15)

D (€, t)={— u (@, t)sin Ex dz,

s

e = ()

D, (£, t)sin Ex dE . (9
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