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Some problems of interaction of magnetic field
and diffusion in solids

J.Stefaniak

I. Introduction

We consider an isotropic linear elastic ideal conductor. A con-
stant magnetic field /A acts along the x-axis in the medium. In the plane
ax+by—0 acts a source of diffusion with intensity varying in time harmoni-
cally. The start point of our considerations are the equations of thermodiffu-
sion and equations of magnetoelasticity given by W. Nowacki [I, 2]. The aim
of this report is to obtain the concentration and displacements on the basis of
the established above conditions. We assume that all changes are sufficiently
slow to neglect the inertial terms ;.

II. Basic equations

The equations of electrodynamics yield 2, 3]
0 ] oh;
2 () ]

In the above equations the terms %[;: and so;uo(;—?———l) are omitted. The
0

equations of motion have the form [2]
(22) Oji,;t It [I'Ot h><H}, -+ X;=0.
Here the terms (rot/2Xb); are neglected as small quantities. This assump-

tion limits the materials to the dia- and paramagnetics. Taking into considera-
tion the diffusion effects the form of constitutive equations is

(2.3) 0= 2ueip+ (Aeg—yC) ;e

The set of equations (2.1)—(2.3) is completed by the coupled equation of
diffusion [1}:

(2.4) #V2—0)c—z~ 2diva=o,.



The following notation is used:
u — displacement vector
o;;— stress tensor
h — magnetisation vector
b =u,h — magnetic induction vector
¢ — concentration
o, — intensity of concentration source
X, — body forces
., u— elastic constants
%, 1, y — diffusion-elastic constants
o — magnetic permeability of vacuum
eo — electric permittivity of vacuum
&, — dielectric constant

Tff]:elc(])ﬁgﬁons (2.2) and (2.3) can be reduced to the displacement equati-
ons. Finally the equations describing the problem take the form
il e+ (At 1) U pit-wo (Biy— Ry )H j+ X =y ¢4
(2.5) hiyy= B (R —th;,; Hy+-1,,; ),
L‘,j/'———;lc—l‘—}-ds Up,rjj=0,

[
where d,=%, ¢=2L.
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1I. Solution

For the considered problem we have
H=(H, 0, 0), X=(0, 0, 0), 0 =0, € d(ax+ by),
a=cosa, b=sina, u=(u, v, w).

The problem is a plane one, so all functions depend on x and y only.
The only cause which disturbs the medium is the source of diffusion. This
change concentration ¢, displacements u# and v and magnetic field 4, and #,.
w and %, do not change, so we can assume w=0 and %,=0. If we put

u=o,+¥, v=0,-%,

and restrict the considerations to an ideal conductor (8= o), then the set of
equations take the form

(A+2u)V 2D+ uo 12D yy— uo F2Y vy =y,
u~ 2T—,MOH2¢,xy -+ M0H2 T,xx == O’
Ve~ i4d, V2V =g, et § (ax+by).
The solutions we assume in the form

{Q(x’y’ t)’ T(x’ W t)’ C(x’ B t)}:{@*(x, y)’ YI*(x, )’), C*(x: y)} eiwt- V
Making use of the Fourier transform in respect to x and y we obtain
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(B+ 1D+ AP — Al fp4-Cp=0,
(E24-n*) P gp— B ¥ =0,

dy (24P — (24722 g = 2200 5 (L6 —),

Ben®r—

_ uf? _ mft? __r .
where A= 1o B= ! C*A+2ﬂ

Using the inverse Foutier transform we obtain &%, ¥* c* For instance

&* has the form

{

x_00aCQQ+Ba%x [, ) _
= Biio { 7| = by‘ \/ VBlo)

2/4:»:

(1+l)

Bio
—1)(@xtby)tn(—ax—by)exp |/ 2 = 1) (ax+ 63}
where
Ay=1+4Ab%+ Ba?+ (14 Ba?d.C,
B, =1+ Ab?>+ Ba?.
Finally the time independent factors of ¢ and u are

S A [ n(ax+ by) exp]/ B 1)(ax+by)
\/2 ]/AlBlw(1+l)

+n(—ax—by)exp(—]/ 53

6y a2 (13-1}—(03112) n{ xsgn (ax+by)+

-

B‘w ~(i—1)(ax+0by)|,

ux =

]/2—35“’E4 )[ (ax+by) expl
1

—d (ax+by) exp(—]/
+I/Bl°’ (-1 (77 (ax+by)exp [/

BLo (i—1) (ax+by)

—1) (ax+by)

2A;x
—(@ctby)exp(— |/ 2 <z—1>(ax+by>)}
oob?2 BCx b Ba)
+- 2 BCREEt ) [exp )/ 57% 1) (ax+by)
—eXp(—]/QB;,‘“,’, (i—1)(ax+by)

] (ax+by)+

+]/ff;1‘"y i—1) (n(ax+by) exp



B; o

—exp ( 1 01 » (i—1)(ax-+ by))} .

The similar form has v*
The influence of magnetic field is connected with the coefficients

A=tofl g i

A2 ’ P

The obtained solutions:
) indicate the type of singularities in the plane of source;
if) allow in a simple way to test the results in dependence of reciprocal situa-
tion of magnetic field and source of diffusion.
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