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The generalized Biot-Savart law is

(1)
B = (o/(4() (  d( J(r') x ( /(3,    where ( = r - r'   (r goes to the field point, r' to the source pt).

We have shown before that (/(3 = -( (1/()    { (/(x (1/( (x-x')2 + ..) = -(x-x')/( (x-x')2 + ..)3/2  }

so (1) can be written

(2)
B = (o/(4() (  d( J(r') x ((-1 /() .

Since ( x (f A) ( (f  x A + f  (xA ,  we can rewrite (2) [ with A ( J and f (1/( ] as

(3)
B = (o/(4() ( d( { ( x (J/() + (( x J)/( ) }

The 2nd term vanishes because J is a function of source coordinates, and ( acts on field coordinates  Thus

(4)
B = ( x (o/(4() ( d( (J/() .

The magnetic field is derivable from the curl of a vector potential A, 



B = curl A, and


A = (o/(4()  ( d( (J/()

In electrostatics we had a field derivable from a scalar potential



E = - grad V  and 


V = 1/(4((o) (d(((/()

There is a certain symmetry here with charges causing the scalar potential and the electric field derived from the scalar potential, and for steady currents, currents cause the vector potential, and the magnetic field derivable from the vector potential.

Notice that between the two potentials,  (o ( 1/(o .

We can also show that curl B = (o J, by taking the curl of (4) and remembering that


( x (( x A) = ((((A) - (2 A
(over)

(5)
( x B = ((((A) - (o/(4()  (d( J (2 (1/()

In (5), we have the freedom (Griffiths pp. 234, 235) to set ((A = 0.

From p. 50 at the bottom, (2 (1/() = - 4((((), so (5) becomes


curl B = (o ( d( ((() J(r') = (o J(r)

This is ampere's law in differential form



( x B = (o J(r)

Ampere's law

How do you convert this to the integral form?  The integral form is



(c B(dl = (o I              

Ampere's law

  So Ampere's law is derivable from the BS law, and the BS law also implies


((B = 0 .

This means the flux of B through any closed surface whatsoever must be zero. 

It follows from B = curl A , and from the vector identity   div ( curl V ) ( 0 for any vector V. 

