Biot Savart Law
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One wants to determine the magnetic field due to a generic curvent density. We start by
studying how to determine the vector potential for a generic curvent density. We already saw
that
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Therefore the vector potential can be determined by solving a Poisson-like equation
for each component of the vector potential. In cartesian coordinates
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We already encountered Poisson's equation in electrostatics
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The solution (in integral form) of the equation above is
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Therefore, the solution of the Poisson's equation for the components of the vector

potential will be
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The solution (in integral form) written above automatically satisfies Coulomb's

gauge condition. In fact
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One can now integrate by parts
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The last equality applies if the current density is localized in some region of space,
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so that the current density vanishes on the surface of the volume considered.

Magnetic field

It is possible to derive an integral equation for the magnetic field starting from the
expression for the vector potential
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There is a special case of the equation above which is often useful in problems.
Consider a current which flows in a thin wire. Furthermore, let's name C the curve
described by the thin wire.
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Straight wire

One can reconsider the case of a straight wire by using Biot Savart Law. It is
convenient to use cylindrical coordinates with the z axis aligned along the straight

wire.
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