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N Summary of Work Accomplished

. Most of the effort was directed towards an application of modem techniques of nonlinear
physics to problems in magnetism at the level of classical magnetization fields. That effort was
distributed as follows: 1) high power ferromagnetic resonance, 2) chaotic motion of ferromagnetic
domain walls, 3) morphology of domain structures in subsaturating magnetic fields, 4) self-
organized critical states of domain wall configurations. 6 -.

1. We have cleared up a long-standing mystery in ferromagnetic resonance: the observed
auto-oscillations of the magnetization field under large applied microwave power. 1 Accompanying
these oscillations we predict characteristic spatial autocorrelation patterns of the magnetization. At
least one group of experimentalists (at Recife, Brazil) is planning to look for such patterns. These
results, which were established using the so-called 'center manifold' theory of nonlinear dynamics
were reported in an invited paper at one of the annual Magnetism and Magnetic Materials Confer-
ences.

2. The motion of a Bloch domain wall driven by an oscillatory magnetic field was found to
go chaotic in computer simulations,2 if a certain critical inequality involving the intrinsic damping
rate of the magnetic material and frequency and amplitude of the driving field was satisfied. This
result suggests that a quantity analogous to the Reynolds number of fluid mechanics may be estab-
lished for domain wall motion.

3. We have found exact general solutions of the micromagnetics equations for Domain

configurations in soft magnetic materials below saturation in two-dimensional, or effectively two-
dimensional, cases. 3 The results convincingly illustrate the generally accepted notion that a magne-
tic sample of macroscopic dimensions can take on any one of a huge number of domain struc-
tures.4 Experimental confirmation of one of our results (a thin disc in a magnetic field in the plane
of the disc) was obtained by a group of investigators and reported in paper HQ-02 at the Intermag
Conference 1990 in Brighton, England.

4. In the latter half of the final year of this contract period we established that domain
structures tend to prefer to arrange themselves in 'only just' metastable states, so-called self-
organized critical states. 5 The response of these to perturbations are characterized by certaiu.
scaling laws. We analyzed in detail (using a simple cellular automata algorithm) the case of a so-
called zig-zag domain wall in a recording tape, and found the corresponding scaling law. The
statistical features of our computed zig-zag walls are in good agreement with observations. This
subject is of major importance for recording noise considerations and for problems such as
erasability of recording media.

Other nonlinear phenomena that were studied under this contract were: a) general reaction
kinetics, b) critical transitions of incommensurate structures, and c) nonlinear regimes in cyclotron
resonance in metals.

a) Conventional reaction kinetics is based on the assumption that the degrees of frfedom of
the reactants move slowly compared with the degrees of freedom of the thermal reservoir. In many
situations (particularly in heterogeneous catalysis) this premise is not fulfilled, It then becomes
necessary to discuss the problem in phasespace, not just as a problem in escape over barriers in
configuration space as in the conventional theory.6



b) Dynamical systems moving under more than one spatially periodic force with incom-
mensurate periods can undergo commensurate-incommensurate transitions characterized by a
certain scaling law. We have discussed a certain anomaly in the scaling for a particular region in
the parameter space of this problem. 7

c) Large signal cyclotron resonance in metals should exhibit interesting effects that are
perfect 'textbook' illustrations of some basic principles of nonlinear dynamics. The effects in
question were evaluated in terms of parameters appropriate to the Fermi surface of simple metals,
and prospects for experimental verification were discussed.
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