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Abstract

Exchange coupling is one of the most important fundamental interactions in ferromagnetic systems. Understanding
of the parameters in this interaction may help describe numerous properties of metal magnetic materials. However, in the
localized electron theory or itinerant electron theory there are also certain difficulties when utilizing this approximation
method to study magnetic ordering problems for multi-atom systems. In realistic magnets exchange coupling is also
related to the coexistence of localized and itinerant degrees of freedom. In this case Heisenberg exchange relationship
has some limitations. If the exchange relationship only depends on the structure of the magnet, and is not related to
energy differences between the phases, we can better avoid the Heisenberg exchange limits. Based on this, we use the
general principle of the exchange coupling theory to analyse the usual approximation, and discuss the opportunity to
calculate the parameters of such coupling rigorously without specific assumptions about the range of magnetic order or
any approximation about the form of magnetization density. We propose a method for calculating the exchange coupling
parameter to any approximation. The range of applicability of the above relation is discussed quantitatively for real
magnetic systems (magnetic metal materials Gd, Fe, Ni) and spin waves, and the relevance for the exchange coupling is
also analysed. This analysis for metal magnetic system (Fe, Ni and Gd) shows that the most significant improvement is
obtained for exchange coupling between nearest magnetic atoms and for spin wave spectrum at finite wave vectors. It
can be described by the relationship between the exchange coupling approximation and spin wave spectrum, and also
interaction between the nearest neighbor magnetic atoms in ferromagnetic systems; these will give reasonable description
to the large wave vectors part of spin wave spectra in any magnet with not fully localized magnetism. This point of view

from the magnetism theory is consistent with the experimental results.
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