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As outlined in the Appendix,
(6)

where Bi represents the direction cosines of the normal to the plane. Substi-
tution of these relations into Eq. (5) and application of the normality con-

dition Zaiz =1 give
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Bi - 30A111'Z o
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E_ = 30) - icklooiai iajBiBj. (7)
When Eq. (7) is compared with Eq. (5), it is evident that a planar stress

of magnitude 0 produces essentially the same expression for E0 as a uniaxial
stress along the normal, with the same magnitude but opposite sign. The only

3
difference is an isotropic term EUAlOO'

The shape anisotropy energy arises from the demagnetizing effects of mag-

netic poles, For a thin film of magnetization 47M, the shape energy is given
by (8)

Eg = 2nM2coszc s (8)

where ¢ is the angle between 47M and the normal to the plane. Of particular
interest in this work are the principal crystallographic planes, the {001},
{110}, and {111} families, and the relations between cosg, the direction

cosines a, of 4mM, and Bi of the normal may be determined from the standard

i
relation

cost = a;B; + a,B, + asBy - (9)

Thus, it may be readily shown that

coszc = c0520 (10)

coszc = %sinze + sinzesin¢cos¢ (11)
2 1 2 .2 . 2

cos'g = §-+ 3sin fsingcosd + §sin6cose(sin¢ + cos¢) (12)

for the (001), (110) and (111) planes, respectively.
For stress in the (001) plane, Bl i 82 =0, 83 =1 and

001 2

3
By~ = 210013 ) (13)

In spherical polar coordinates, Eq. (13) becomes
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001
B =100

It is convenient at this point to define Ecs = Ec + ES and combine Eqs. (14),
(8) and (10), with the result that

2
001 3 4mM 2 2
Ecs = E(UAIOO- ——E—Osin 6 + 2mM°, (15)

For stress in the (110) plane, B, = By = 1/V2 By = 0 and the combina-
tion of Egs. (7), (8) and (11) expressed in polar coordinates yields

119 = 3 Mz)sinze

sin’e. (14)
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- E(oxlll - EﬂM )sin“B@sin¢cosd. (16)

For stress in the (111) plane, B{2® Byi= By = 1//3 and the combination

of Eqs. (7),and (8) and (12) expressed in polar coordinates yields

111 _
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Eos - OAIOO - (cklll - §MM )[sin“6sindcosd + sinBcosb(sind + cos¢)]

+ %«m X an”n

In the analysis reported previously (4), the stress terms of Eqs. (15),
(16), and (17) were obtained by applying Eq. (5) directly after selecting
suitable sets of A and Yi' for the three specific cases. It should be pointed

out that a different sign convention for ¢ was used in that work.

Since each of the above equations may be added to Eq. (3) to form the
total E, the energy extrema may be determined in the usual‘manner from
3E/36 = 0 and 3E/3¢ = 0. As in the problem of determining the effects of
stress on remanence ratios (3), the major attention is focused on the movement

of these axes of extreme energy, i.e., the easy and hard axes of magnetization.

Uniaxial anisotropy induced from the application of stress will be de-
fined as any situation in which the principal easy axis is directed along the
normal and all other major extrema are in the plane. In the following section,
the relations that control the movement of the pertinent extrema are given, and
the conditions for stress-induced uniaxial aniéotropy are determined for the

specific cases of interest.
Results

For the simplest case of 0 in the (001) plane, the energy extrema along
the three (100> axes do not rotate. However, the extrema initially (if
shape anisotropy is neglected) along the {111) axes may be rotated either
towards the normal or into the plane as depicted in Fig. 1. Although only one




