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Abstract: Inspired by J. C. Maxwell firstly using both the vector terminology and the algebra of quaternions
to describe the property of electromagnetic fields, the paper summarizes three basic postulations to import the
algebra of octonions into the field theory. In this case, the algebra of octonions can partly describe the elec-
tromagnetic theory by using the algebra of octonions to describe the Maxwell equations of electromagnetic
field. The viewpoint of R. Descartes, M. Faraday, and A. Einstein etc claims that, the field is an irreducible
element of physical description, while the space-time is only the extension of the field and does not claim ex-
istence on its own. According to the three basic postulations, the space-time extended from the electromag-
netic field is different from the one extended from the gravitational field. They are quite similar but inde-
pendent to each other. These two space-times, extended respectively from the electromagnetic field and the
gravitational field, both can be considered as the quaternion space, and are perpendicular to each other so that
they can combine together to become an octonion space. Therefore the octonion space can be used to de-
scribe the physical property of the electromagnetic ficld and the gravitational field. In order to maintain the
dimensional homogeneity, the physical quantity of the electromagnetic field should be multiplied by the un-
determined coefficient, when the two kinds of physical quantities exist in the same octonion formula. The
undetermined coefficient can be determined by comparing with the classical theories of the electromagnetic
field and the gravitational field. In math, the complex number can be divided into the real number and the
imaginary number, while the imaginary number is the product of another real number and the imaginary unit.
Just like the complex number, the octonion also can be divided into two components, the quaternion and the
S-quaternion, while the S-quaternion is the product of another quaternion and the “fourth imaginary unit”.
The “fourth imaginary unit” is independent to the “three imaginary unit” in the quaternion. After several
years studies the author finds out that the quaternion is suitable for describing the property of the gravita-
tional field, while the S-quaternion is suitable for describing the property of electromagnetic field. Comparing
the physical quantities describing by the algebra of octonions and the vector terminology can also prove this
conclusion. This method is never been used before in all the theoretical studies of electromagnetic fields. And
may be that can partly explain why it is not completely successful before to describe the electromagnetic field
theory directly by the quaternion (rather than the S-quaternion). In the paper, the definition of field source
described by the octonions can deduce Maxwell equation in the electromagnetic field. The Maxwell equa-
tions, the electromagnetic potential, and the field strength definition, deduced by the field source definition of
electromagnetic describe by octonions, are respectively identical with that deduced by the vector terminology
in classical electromagnetic theory, but the direction of displacement current and the gauge equation are not.
The study claims that the electromagnetic field theory described by the algebra of octonions can cover most
of the existing conclusions of classical electromagnetic field theory. And the Maxwell equations in the elec-
tromagnetic field can be described by S-quaternion.
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Table 2. The multiplication table of the operator and the octonion
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