EE331—EXAMPLE #29: BOUNDARY CONDITION III

An iron cylinder surrounded by air has a relative permeability of 3000. The magnetic field adjacent
to the cylinder in air is found to be H; = 3a, 4 2a, + 4a, A/m. (a) Find the magnetic flux density in
the air adjacent to the cylinder. (b) Find the magnetic flux density inside the iron cylinder.

Make a sketch and write down the boundary conditions. Because we’re dealing with magnetic fields,
the BC are the same for both dielectric-dielectric and dielectric-conductor boundaries. As no current
is given, we write down the two BC without any source current. We also write down the relationship
between H and B.

1 air
w, BC:
1) Hiy = Hy
2) Bln = B2n
B =uH

(a) This part doesn’t require use of the BC. We just need to find B, given H; in air:
B, = p,H, = (47 x1077)(3a, + 2a, + 4a,)
= 3.7699a, + 2.51334a, + 5.0265a, pWb/m? (1)

(b) Next we want to find B, in the iron so we need to identify the normal and tangential components
of the problem for use in the BC. Because we’re considering a cylinder, the normal component
must be in the a, direction. We use the second BC together with the result from Eq. (1) to get:

By, = By, = 3.7699a, ;Wb/m? (2)

The tangential components are in the a4 and a, directions for a cylinder. We use the first BC
together with the information given in the problem to get:

Hgt = Hlt = 2§¢ + 4§Z A/m

We use the relationship between H and B to find the tangential component of the magnetic flux
density:

By = ,UH2t = 3000:“0(2a¢ + 4az)
= 7.5398a, + 15.0796a, mWb/m? 3)

Finally, combining the results of Egs. (2) and (3) gives:
B, = (3.7699 x 107*)a, + 7.5398a, + 15.0796a, mWb/m?

The effect of the permeability of iron is to make the magnitude of the magnetic flux density
almost 2500 times larger than in air.



