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Abstract 

We have begun to explore the striking collective dynamics that can occur when a 
magnetic particle suspension is exposed to three orthogonal ac magnetic fields. 
The motivation for doing this requires some explanation. When a uniaxial 
magnetic field is applied to a magnetic particle suspension, the induced dipoles 
cause the formation of particle chains. We call this a positive dipolar interaction. 
If instead an audio frequency rotating magnetic field is applied in the plane 
normal to the uniaxial field, the s~~spended particles will form parallel sheets. due 
to the creation of negative dipole interactions. If both a uniaxial and a rotating 
field of equal amplitude are applied simultaneously, which we call a birlanced 
trimia1,fieln the average dipolar interaction should vanish, but it doesn't. Why? 
Because each dipole moment has a component due to the applied field, and a 
component due to the fields of all the other dipoles. The former does indeed give 
a null average interaction, but the latter does not. This non-vanishing dipole field 
interaction is terribly complex: it cannot be crudely represented as a sum of pair 
interactions, even for three dipoles. Because of this the usual structures one 
expects of attractive interactions - spinodal structures, equilibrium clusterings, 
lattice formation - fail to emerge. Instead, a variety of particle networks and 
particle foams form, these having large magnetic susceptibilities. Unusual 
dynamical phenomena can be induced by setting two or more of the coil 
frequencies sufficiently close that the suspension can follow the beats. If this 
heterodyning is done during the gelation of the suspension resin, some surprising 
particle structures emerge, such as a cellular honeycomb. These structures hate 
highly optiniized physical properties. We will discuss both experimental work 
and molecular dynamics simulations of these phenomena. 

1 Introduction 

When a random suspension of magnetically soft particles is exposed to a uniaxial 
magnetic field, dipoles are induced that are closely aligned with the applied field. 
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