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Different Form of Biot-Savart Law:

(1) Biot-Savart Law in Vector Form:
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2) Biot-Savart Law in terms of Current Density:
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(3) Biot-Savart Law in terms of Charge and its Velocity:
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Divergence and Curl of magnetic field:

According to Eq. 3.7, the integral of B around a circular path of radius r, cantered at the wire,
IS

S
Now suppose we have a bundle of straight wires. Each wire that passes through our loop

contributes pol, and those outside contribute nothing (Fig. below). The line integral will then
be

$B.dl= pglene o, (3.8)

Where lenc Stands for the total current enclosed by the integration path. If the flow of charge is
represented by a volume current density J, the enclosed current is

lenc=[].dA .......... (3.9) Y

with the integral taken over any surface
bounded by the loop. Applying Stokes'

theorem to Eqg. 3.8, then,
[(VxB).da = py[].da I3
Iy

and hence

VXxB=pol

In physics, Gauss's law for magnetism is one of the four Maxwell's equations in
electrodynamics. It states that the magnetic field B has divergence equal to zero, in other words,
that it is a solenoidal vector field. It is equivalent to the statement that magnetic monopoles do
not exist. Rather than "magnetic charges”, the basic entity for magnetism is the magnetic
dipole.

Gauss's law for magnetism can be written in two forms, a differential form and an integral
form. These forms are equivalent due to the divergence theorem.

Differential form
The differential form for Gauss's law for magnetism is:

V.B=0



where V. denotes divergence, and B is the magnetic field.
Integral form:
$.B.dA =0

where S is any closed surface, and dA is a vector, whose magnitude is the area of an
infinitesimal piece of the surface S, and whose direction is the outward-pointing surface
normal.

The left-hand side of this equation is called the net flux of the magnetic field out of the surface,
and Gauss's law for magnetism states that it is always zero.

The integral and differential forms of Gauss's law for magnetism are mathematically
equivalent, due to the divergence theorem.

The law in this form states that for each volume element in space, there are exactly the same
number of "magnetic field lines" entering and exiting the volume. No total "magnetic charge"
can build up in any point in space. For example, the south pole of the magnet is exactly as
strong as the north pole, and free-floating south poles without accompanying north poles
(magnetic monopoles) are not allowed.

The Magnetic Vector Potential:

Electric fields generated by stationary charges obey
VXE=0 1)
This immediately allows us to write
E=-V¢ 2)

since the curl of a gradient is automatically zero. In fact, whenever we come across an

irrotational vector field in physics we can always write it as the gradient of some scalar field.

This is clearly a useful thing to do, since it enables us to replace a vector field by a much

simpler scalar field. The quantity $\phi$ in the above equation is known as the electric scalar

potential.

Magnetic fields generated by steady currents (and unsteady currents, for that matter) satisfy
V.B=0 3)

This immediately allows us to write

B=VxA (4)

since the divergence of a curl is automatically zero. In fact, whenever we come across a
solenoidal vector field in physics we can always write it as the curl of some other vector field.
This is not an obviously useful thing to do, however, since it only allows us to replace one
vector field by another. Nevertheless, Eq. (4) is one of the most useful equations we shall come
across in this lecture course. The quantity A is known as the magnetic vector potential.



The curl of the vector potential gives us the magnetic field via Eqg. (318). However, the
divergence of A has no physical significance. In fact, we are completely free to choose V.A to
be whatever we like. Note that, according to Eq. (4), the magnetic field is invariant under the
transformation

A—>A-Vy (5)

In other words, the vector potential is undetermined to the gradient of a scalar field. This is just
another way of saying that we are free to choose V.A . Recall that the electric scalar potential
is undetermined to an arbitrary additive constant, since the transformation

b — ¢ +c (6)

leaves the electric field invariant in Eq. (2). The transformations (5) and (6) are examples of
what mathematicians call gauge transformations. The choice of a particular function y or a
particular constant c is referred to as a choice of the gauge. We are free to fix the gauge to be
whatever we like. The most sensible choice is the one which makes our equations as simple as
possible. The usual gauge for the scalar potential ¢ is such that ¢ — 0 at infinity. The usual
gauge for A is such that

V.A=0 (7)

This particular choice is known as the Coulomb gauge.

It is obvious that we can always add a constant to ¢ so as to make it zero at infinity. But it is
not at all obvious that we can always perform a gauge transformation such as to make V x A
zero. Suppose that we have found some vector field A whose curl gives the magnetic field but
whose divergence in non-zero. Let
V.A=v() (8)

The question is, can we find a scalar field y such that after we perform the gauge
transformation (5) we are left with V. A = 0. Taking the divergence of Eq. (5) it is clear that
we need to find a function y which satisfies

Viy =v 9)

But this is just Poisson's equation. We know that we can always find a unique solution of this
equation. This proves that, in practice, we can always set the divergence of A equal to zero.
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