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7.9: Ampere’s Law (Magnetostatics) - Differential Form
The integral form of Amperes’ Circuital Law (ACL) for magnetostatics relates the magnetic field along a closed path to the total
current flowing through any surface bounded by that path. In mathematical form:

where  is magnetic field intensity,  is the closed curve, and  is the total current flowing through any surface bounded by .
In this section, we derive the differential form of this equation. In some applications, this differential equation, combined with
boundary conditions associated with discontinuities in structure and materials, can be used to solve for the magnetic field in
arbitrarily complicated scenarios. A more direct reason for seeking out this differential equation is that we gain a little more insight
into the relationship between current and the magnetic field, disclosed at the end of this section.

The equation we seek may be obtained using Stokes’ Theorem, which in the present case may be written:

where  is any surface bounded by , and  is the differential surface area combined with the unit vector in the direction
determined by the right-hand rule from Stokes’ Theorem. ACL tells us that the right side of the above equation is simply . We
may express  as the integral of the volume current density  (units of A/m ; Section 6.2) as follows:

so we may rewrite Equation  as follows:

The above relationship must hold regardless of the specific location or shape of . The only way this is possible for all possible
surfaces in all applicable scenarios is if the integrands are equal. Thus, we obtain the desired expression:

That is, the curl of the magnetic field intensity at a point is equal to the volume current density at that point. Recalling the
properties of the curl operator – in particular, that curl involves derivatives with respect to direction – we conclude:

The differential form of Ampere’s Circuital Law for magnetostatics (Equation ) indicates that the volume current density
at any point in space is proportional to the spatial rate of change of the magnetic field and is perpendicular to the magnetic
field at that point.
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