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Problems due Feb. 26 (they may be put in my mailbox on Tuesday) : Problem 9.21,9.23
(a),9.25 ; plus

- 1) A conducting material can be heated by induction heating by exposing it to a time
varying magnetic field. Suppose a good conductor (with skin depth delta) is exposed to a
magnetic field which has a component tangential to the surface given by B=B, exp (-iwt).
The surface lies in the xy plane, and B is in the y direction.

a) Using the boundary conditions on B, find B(z,t) inside the material.

b) This B will cause an electromagnetic wave to propagate into the material. Using the form
of this wave developed in class, calculate the Poynting vector into the surface, evaluated just
at the surface.

¢) Using the value of E for this wave, and j=sigma*E, find the surface current flowing in the
conductor. By integrating over z, find the current per unit length flowing in the surface of
the conductor (this extends roughly over the skin depth of the conductor}. Make a clear
sketch to show that you understand the geometry and which way the surface current flows.
d) Using the boundary condition on tangential B which applies if there is a surface current
(extending over a thickness of several skin depths), show that the current found in {c) is just
enough to Kill the incident B,

e) Calculate the chmic heating in the surface by integrating j dot E over the volume of the
material, and show that it agrees with the answer to (b).

) Calculate the numerical value of the skin depth for Cu at 60 Hz. How large a piece of Cu
would you expect to be able to heat this way?

2) An electromagnetic wave at 1 kHz is sent OUT of sea water (conductivity 5/ohm-m) in
normal incidence into air.

a) Show that sea water is a good conductor at this frequency and find the skin depth.

b} Write the form of the incident, reflected and transmitted waves. Assume the wave is sent
in the positive z direction and is polarized in the x direction. Describe the nature of each
wave: damped, traveling, etc.

¢) Find the ratio of the strength of the electric field of the incident wave just below the
surface to that of the transmitted wave just above the surface, to first order in the skin
depth.

d) What fraction of the power reaching the surface is transmitted through the surface?
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