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Name Integral equations Differential equations

Gauss's law  

Gauss's law for magnetism  

Maxwell–Faraday equation

(Faraday's law of induction)

Ampère's circuital law (with
Maxwell's addition)

The definitions of charge, electric field, and magnetic field can be altered to simplify theoretical calculation,
by absorbing dimensioned factors of ε0 and µ0 into the units of calculation, by convention. With a
corresponding change in convention for the Lorentz force law this yields the same physics, i.e. trajectories of
charged particles, or work done by an electric motor. These definitions are often preferred in theoretical and
high energy physics where it is natural to take the electric and magnetic field with the same units, to simplify
the appearance of the electromagnetic tensor: the Lorentz covariant object unifying electric and magnetic
field would then contain components with uniform unit and dimension.[7]:vii Such modified definitions are
conventionally used with the Gaussian (CGS) units. Using these definitions and conventions, colloquially "in
Gaussian units",[8] the Maxwell equations become:[9]

Name Integral equations Differential equations

Gauss's law  

Gauss's law for magnetism  

Maxwell–Faraday equation

(Faraday's law of induction)

Ampère's circuital law (with
Maxwell's addition)

The equations are particularly readable when length and time are measured in compatible units like seconds
and lightseconds i.e. in units such that c = 1 unit of length/unit of time. Ever since 1983 (see International
System of Units), metres and seconds are compatible except for historical legacy since by definition c = 299
792 458 m/s (≈ 1.0 feet/nanosecond).

Further cosmetic changes, called rationalisations, are possible by absorbing factors of 4π depending on
whether we want Coulomb's law or Gauss's law to come out nicely, see Lorentz–Heaviside units (used mainly
in particle physics).

Formulation in Gaussian units convention
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Here a fixed volume or surface means that it does not change over time. The equations are correct, complete,
and a little easier to interpret with time-independent surfaces. For example, since the surface is time-
independent, we can bring the differentiation under the integral sign in Faraday's law:

Maxwell's equations can be formulated with possibly time-dependent surfaces and volumes by using the
differential version and using Gauss and Stokes formula appropriately.

 is a surface integral over the boundary surface ∂Ω, with the loop indicating the surface is closed

 is a volume integral over the volume Ω,

 is a line integral around the boundary curve ∂Σ, with the loop indicating the curve is closed.

 is a surface integral over the surface Σ,

The total electric charge Q enclosed in Ω is the volume integral over Ω of the charge density ρ (see the
"macroscopic formulation" section below):

where dV is the volume element.

The net electric current I is the surface integral of the electric current density J passing through a fixed
surface, Σ:

where dS denotes the differential vector element of surface area S, normal to surface Σ. (Vector area is
sometimes denoted by A rather than S, but this conflicts with the notation for magnetic vector
potential).

Formulation in SI units convention
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in particle physics).

Formulation in Gaussian units convention
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Integral Equations and Conservation Laws



Faraday’s Path Independency
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