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"T is well known that alloys of the composition near Ni3Fe have.. unusual magnetic properties sensitive to heat treatment: (a)
when cooled rapidly from 600'C, they develop extremely high
initial and maximum permeabilities (p and pm, ); (b) when cooled
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FIG. 1. Domain pattern observed on (110) surface of Ni3Fe crystal.
Nearly perfect order. KI = —28 +103 ergs jcc.

slowly or annealed in a magnetic 6eld, they exhibit high p ~ only
in the direction parallel to the field applied during the heat treat-
ment. The author has investigated these properties in connection
with the formation of the superlattice at 490'C, and explained (b)
in terms of "directional order. '"

The principal points are as follows: The fractional contraction
BL/l observed' during the superlattice 'formation at 490'C was
—4.4X10 4. This is considered to correspond to the fractional
difference of pair-lengths between like and unlike atom-pairs,
because the ordering process means an increase of the unlike atom-
pairs. If, therefore, the fractional numbers of unlike atom-pairs,
or the degrees of order, are different in different bond directions,
the lattice should deform spontaneously to the order of 4.4X10 '.
Such an arrangement of atoms, the directional order (d.o.), mill
be promoted by the ordering process under the inhuence of the
magnetostrictive force, which usually;- being counterbalanced by

- the elastic force, gives rise to but a small amount of strain. As
soon as the alloy is cooled and the d.o. frozen, the spontaneous
magnetization becomes stable in the same direction as it was during
annealing, on account of the interaction between magnetostrictive
force and the strain of d.o. The magnitude of strain necessary to
explain the observed anisotropy in the case (b) was 1.7X10 ',
which is a reasonable value for the strain of d,o.
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FIG. 2. Domain pattern observed on (110}surface of Ni3Fe crystal.
Partially disordered. ZI = -2 X103 ergs jcc.

The origin of the unusually high y in case (a), however, re-
mains in question. In this respect, the author investigated the
variation of domain structure during the disordering process by
means of powder pattern technique. ' A large single crystal (ca 2 cc)
of the alloy Ni3Fe3 was prepared by sudden solidi6cation after
supercooling ca 100' below the mp to prevent segregation. Two
specimens, one foi the domain pattern observation and the other
for the torquemeter measuremerit, were cut along a (110) plane.
Perfect order was attained by annealing for one week at 490'C
and several days below this temperature. The disordering process
was carried out by raising the temperature from 490' stepwise to
610'C, the procedure being interrupted several times by quench-
ing for observations. Both specimens were always treated together.

The crystal anisotropy constant EI decreased from —29X10'
ergs/cc to zero during the disordering process, as has been re-
ported by Grabbe. 4 At 6rst the domain patterns showed a struc-
ture having 180', 109', and 71' boundaries, which was to be ex-
pected for a crystal having the easiest magnetization along the
(iii) direction (Fig. 1). No essential changes were observed until
EI decreased to —7X10', except some slight deformation of
linear boundaries which appeared in the later stages. Further
disordering baking (at 550'C), however, made the figure rather
irregular, in which 180' boundaries were broken and deformed and
numerous crooked boundaries appeared (Fig. 2). At this transi-
tion EI was —2X10'. When quenched from 610'C, fine crooked
and dotted line-like boundaries appeared at a distance of ca 0.01
mm (Fig. 3). The irregular 'movement of these boundaries under
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FIG. 3, Domain pattern observed on (110) surface of Ni3Fe crystal.
Nearly perfect disorder. ) ZI ( &0.4)(103 ergs jcc.
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