Magnetic Vector Potential
We can define A as that vector function such that:
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Look at the curl of B:
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We are free to add to A any vector function whose curl vanishes. This is used to give:
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(a divergence does not curl)

Then we can find A by solving:
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Provided that J goes to zero at infinity, we then have:
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modifications of this are:
line currents:
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surface currents
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Let’s look at A: Since
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Let’s use the “Curl Theorem”
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So in a sense, you can calculate A by calculating the magnetic flux through a surface:
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This looks a lot like Ampere’s law but it’s actually not. This is useful for situations where the current does not vanish at infinity.

An application of this: an ideal solenoid of turn density n.

Choose a circular path of radius s which extends to infinity. The magnetic field is uniform inside the solenoid and zero outside. Then:
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If, however, our loop is inside the wire, we have:


[image: image12.wmf](

)

(

)

2

Bs

M

2

AdLBsA2sA

Fpp

=Þ=Þ=

ò

r

r

g

Ñ


Now the vector direction needs to be such that the curl of A gives B.

If the vector direction of A is in the 
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 direction, then we can check this ... the hard way is to write the unit vector in Cartesian coordinates. I prefer the easier way:

In cylindrical coordinates:
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Now if the vector only has a angular component, then:
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If the vector has no z-dependence then:


[image: image16.wmf](

)

sV

1

ss

ˆ

Vz

j

¶

¶

éù

Ñ´=

êú

ëû

rr


So for A we have if :
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then the field does vanish outside the solenoid.
If:
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Then:
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so:
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Thus: Inside: 
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Probably it’s important to realize that A needs to curl around the direction of A in making the vector arguments.

Let’s try the same for a long wire of radius c which carries a uniform current density J.

Inside the wire, we have from Ampere’s law:
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Now we can calculate A inside the wire from this, but we will need to be careful about directions.

From the useful page we have:
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We can thus formulate an A that will give B inside by looking at :
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Let’s try to work with A only having a z component and see if this will work.

Then:
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Ok, then an A that will work is:
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where f is an arbitrary constant.
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