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Lecture on Magnetic Measurement II

Magnet Anisotropy and Magnetostriction

PAHIER — AEEAE TEFRR

M. Matsui, Graduate School of Engineering, Nagoya University

The instrumentations for the measurement of mag-
netic anisotropy and magnetostriction, and the meth-
ods for interpreting these measurements are describ-
ed. Some data for these properties are shown.
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Table 1 Crystalline magnetic anisotropy for
various crystal structures

Crystal lattice Magneto crystalline anisotropy energy T

E¢=Ky+ K,(az,’azz +alal +afaf)+ K,alaja}
+ K,(afaf +ajal +alal )1

=K, +K,sin’6

Cubic 1

+ [;(1{x +K,)sin? 2¢ - K, +K,]sin‘e

+ [~2K,#%sin:w-%sin’w]sinw

+ [K, + f—gsin‘ 2¢ - -I—<2isinZ 2(;/] sin® 6

Ey =K, +K,sin*6 +K,sin* 6 +K,sin® 0
+K,sin® @ cos6p

Hexagonal

Ey =K, +K sin’0 +K}sin®fcosé cos3p
+K,sin®8 + K} sin® 8 cosb6p

+KZsin’@cos’fcos3p
3

| Trigonal

Tetragonal Ey=Ky,+K;sin>0 +K,sin* 8 + K, sin* 8 cos® psin’ ¢

Ey =K, +sin’8(K, cos’ ¢ + K, sin*
Orthorhombic * 0 . ( ‘4 7 T, (P? .
+sin B(K,cos @ +K,sing” cos® ¢ + K, sin (p)

+sin’ @ cos’ (9(K6 cos® @ + K, sin’ 4))

1147

NI | -El ectronic Library Service



The Magnetics Society of Japan

’“\K (a)

|~
-
-
e
L~
|~

<100>

_{%I*—%KZ:O

K

N

<t10>

Kq+%K2=

el

<111>

LI////

(b)

NNANNN R

Ku1 42Kuz=0® @
@ Ku1+Kuz=0

Fig. 1 Illustration of a relation between the first
and the second crystalline anisotropy constants
and the easy axis for cubic crystal (a) and for
hexagonal crystal (b).
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Fig. 2 Illustration of a torque magnetometer.
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Fig. 3 Torque curve for a carbon steel. Points
are experimental data and dotted lines are
Fourier components analyzed. A full line shows
the fitted curve as a total of the components.
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Fig. 4 Torque curves of an Fe-30%Pd alloy for
various magnetic fields at 4.2 K.!#¥
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Fig. 5 Four fold component of the torque curve
shown in Fig. 4 as a function of magnetic field.'¥
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Fig. 6 Relation between the magnetic field and
the magnetic moment out of the film plane for
Eq. (18).
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Fig. 7 Ke.m tre as a function of Fe thickness of
[Fe/Au] multiplayer. The surface anisotropy
energy K; is estimated by the plot according to
Eq. (21).
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Fig. 8 Wheatstone bridge circuit for the
measurement of magnetostriction by the strain
gauge method.
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Fig. 9 Example of the measurement of magneto-
striction constants as a function of temperature
for Fe-Pd alloy.2¥ The strain gauge method is
used for the measurement.
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Fig. 10 Circuit used for the capacitance bridge
method. Cx and Cy are condensers for the sample
measured and standard (dummy) sample, respec-
tively.
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Fig. 11 Electric circuit of LC generator for
measurement of magnetostriction. Cx and Cy are
condensers for the sample measured and stan-
dard (dummy) sample, respectively.
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