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The variation of the period of the Landau-Lifshitz ferromagnetic domain structure is found in an external
magnetic field directed at an arbitrary angle to the anisotropy axis.
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This paper considers the behavior of the domain
structure of uniaxial ferromagnets with low anisotro-
py—the Landau- Lifshitz!*? structure—in an external
magnetic field directed at some angle to the anisotro-
py axis. The corresponding problem for the Kittel
structure has been solved only for the case of a field
directed along the surface of the specimen. In the
presence of a Q’erpendicular component, as was shown
by Provorotskii,?! the boundaries between the domains
in the Kittel structure must curve near the surface,

and therefore the solution involves great complications.

In our case the nature of the structure does not change
and the problem can be solved exactly for an arbitrary
direction of the field.

)

It is clear that in a state of thermodynamic equilib-
rium the interdomain boundaries are aligned along the
field and the magnetic moment of a boundary is direct-
ed along the component of the external magnetic field
parallel to the surface, since the surface tension is
smallest in this case.!® The opposite direction of a
boundary moment corresponds to a metastable state,
and therefore, as is usual in such situations, nuclei
with the right direction of moment must form in the
boundary. Sufficiently large nuclei lower the energy;
therefore they grow without hindrance, and the bound-
ary transforms to a state with the minimal energy.
The energy of formation of a critical nucleus is con-
siderably smaller than the Curie temperature, since
it is due to magnetic energy and anisotropy energy.
Therefore at ordinary temperatures the boundary
should transform easily. We shall not investigate the
kinetics of this transformation but shall restrict our-
selves to a determination of the period of the structure
under conditions of complete thermodynamic equilib-
rium.

In a magnetic field the Landau-Lifshitz structure
must change, as is depicted in Fig. 1. We introduce a
Cartesian system of coordinates (x,y,2) whose z axis
is directed along the anisotropy axis, which is as-
sumed to be perpendicular to the surface of the plate.
We direct the x and y axes parallel and perpendicular,
respectively, to the interdomain boundaries. The ex-
ternal magnetic field will have two components: the
projections on the z axis and on the x axis, H, and H,
respectively. We shall describe the direction of the
magnetic moments in the closure domains by angles 6
and ¢ of a spherical coordinate system whose polar
axis coincides with the z axis and whose angle ¢ is
measured from the y axis.
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The values of the angles 6, ¥,, and ¢, (see Fig. 1)
are determined by the condition of continuity of mag-
netic flux:

cos O=II/4nM=n,
cos 0,+cos 0

tg Y= ——————,  ctg P.
cg b sin ¥ cos ¢ gt

cos 8,—cos 0
=
sin 0 cos @

here M is the saturation moment, and g, is the angle
of deviation of the moment in a main domain from the
z axis. It is obvious that

sin 0,=H,/pM=h,

where B is the anisotropy constant.

We shall find the angle ¢ from the condition of min-
imum energy of a closure domain at constant period.
By using Maxwell’s equations and also neglecting terms
of order %, it is not difficult to transform the ex-
pression for the energy density ™

B (M2+M,*) —HM—H?*/8n

(H is the magnetic field, M= (M, M, M,) the magnetic
moment) to the following form:

B (ME+M ) —H M,

Here Hu=(Hu, 0,0), and M, is the magnetic moment
density in the structure depicted in Fig. 1.

Now, taking into account that the concentration of
domains with magnetic-moment direction “up” is
(1+ n)/2, one easily finds the energy connected with
formation of a closure domain:

[(1—=R*)"(1+n%) —2n2] [1—n*+h*—2k (1—1?) " sin ] (1—1%) ~* (cos @) ~*.

Here and below, we write only factors that depend on
the field. The minimum of this expression with re-
spect to the angle ¢ occurs when

sin =2k (1—n%)"/(1—n*+2?).

FIG. 1.
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The exit energy is then
[(1—R3"(1+n*) —20* ) (1—0*—h*) (1—0*) ™™
Finally, knowing the surface tension of a domain

boundary,’™ we can write the expression for the period
a:

at{ (A=) "[(1—h?*)"—{(n/2—6,) k] }’/=
[A=r) " () —2n*1[1-—n’~A7] )

For H,= 0, the variation of the period with the field
was obtained earlier.”®’ For H,=0,

a={(1—h*)"— (x/2—00) 1" (1—1*) %,

this differs with respect to the exponent of the second
expression in parentheses from the case §> 47, where
the exponent is ~3. In particular, for k-1 (i.e.

H, - BM) the period approaches the finite value 371/2,
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Spin-lattice relaxation of symmetrical systems of identical nuclei is considered. The exclusion principle
causes the relaxation coefficients to be expressed in terms of partial time correlation functions (TCF), in
which the averaging is over states belonging to only one irreducible representation of the symmetry group
of the system. The relaxation coefficients and the irreducible TCF are calculated for interacting groups of
three nuclei with spin 1/2, which tunnel in a periodic potential in a solid. It is assumed that the rotation
interaction with the phonon reservoir is weak and that the rotation is essentially a quantum effect—the
distance between the torsion multiplets are large. An analysis of the temperature dependence of the spin-
lattice relaxation time (true as well as effective) has demonstrated the possibility of appearance of several
minima with different depths and different dependences on the Larmor frequency.

PACS numbers: 76.60.Es

1. INTRODUCTION

In gases and solids at low temperature, the rotational
motion responsible for the spin relaxation has essen-
tially a quantum character, so that the exclusion prin-
ciple must be taken into account in the theory of spin
relaxation of symmetrical nuclear systems. A relaxa-
tion theory for the region of fast motion, without ac-
count taken of the exclusion principle, has by now been
well developed.[!* 2] In this theory the relaxation coef-
ficients are expressed in terms of the time correlation
functions (TCF) of the molecular motion. No such ex-
pressions have been obtained as yet in the theory of
symmetrical identical nuclei. The existing analyses of
relaxation in gaseous!3! and solid!*] methane and in
solids containing methyl groups!5~7? dealt with the
transition probabilities in the unified subsystem made
up of the spin and rotational degrees of freedom under
the influence of a nonsecular dipole dipole (DD) inter-
action and of the interaction V,, of the rotation with
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the medium. In view of the complexity of this approach,
it was necessary to introduce simplifying phenomeno-
logical assumptions. Another semi-phenomenological
approach was used by Clough!®! for the relaxation of
methyl groups in solids; he introduced in the equation
of motion for the spin density matrix exchange opera-
tors that describe the classical hopping of the group

and the quantum tunneling between equilibrium positions.

The analysis of the transitions in the unified subsys-
tem can be faulted also for its insufficient rigor. In
fact, the relaxation transitions are due to interaction
with a reservoir that has a quasicontinuous spectrum,
so that transitions induced by the intragroup DD inter-
action cannot be regarded as relaxation transitions. In
a consistent approach the DD interaction would be in-
cluded in the principal Hamiltonian and the analysis
would be based on the total density matrix of the unified
subsystem.

We propose in this paper a two-step approach. We
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