Key Homework 5.4.

1.

a. A direct current | flows in a straight wire of length 2L situated along the z-axis (stretching

from —L to L). Find the magnetic vector potential in a field point P that is situated in the

bisecting plane (see figure below).
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b. Use the magnetic vector potential determined in (a) to determine the magnetic field B.

¢. Compare your answer with equation 5.35 and show that the answer is consistent with

equation 5.35.
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(as in Eq. 5.35).
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2. Determine the current density responsible for a magnetic vector potential described by:
A=kg

Where k is a constant.
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3. Assume a surface current density is flowing through the xy plane described by:
K = K&
In example 5.8 you derived that the magnetic field above and below the plane is given by:

Ho kg forz <0
B=] 2
_Hoyy forz>0
2
We noticed that this field is independent of the distance to the plane, i.e. independent of z.

What is the vector potential above the plane, and what is the vector potential below the

plane.
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|z| % | will do the job—or this plus any constant.

A= -

4a. Find the density p of mobile charges in a piece of copper assuming each atom contributes one free
electron.

b. Calculate the average electron velocity in a copper wire 1 mm in diameter, carrying a current of 1 A.

c. What is the force of attraction between two such wires 1 cm apart?



d. If you could somehow remove the stationary positive ions, what would the electrical repulsion force
be? How many times greater than the magnetic force is it?
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e = charge of electron = “16x1079¢C,
N = Avogadro's number = 6.0 x 10** mole,
M = atomic mass of copper = 64gm/mole,

d = density of copper = 9.0gm /cmz.
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2 10
¢ =1/ /eope = 3.00 x 10* m/s. Here f = (:;)::11[()) 3) =|1.1 x 10%5.
fe=(11%10*®)(2x1077) =|2 x 10'® N/cm.




