Problem 1. In the lab, you encounter a solenoid with unknown inductance. You mea-
sure the solenoid with an ohmmeter and find it has internal resistance R. To determine
its inductance, you connect the solenoid in series with a known capacitor C and an AC
signal generator (AC voltage source) set to frequency w.

( é) (a) If the current amplitude is I, find the voltage amplitude |V¢| across the capacitor.

é ) (b) With the same current, find the total voltage amplitude |Viqt| across both the solenoid
( and capacitor in terms of the unknown inductance L and the known circuit parameters.

( 4 (¢c) Suppose you don’t know the current amplitude, but you measure the two voltage
amplitudes in (a) and (b). Find the inductance L of the solenoid using these measurements
and the known parameters.
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Problem 2. The magnetic field of a monochromatic, plane EM wave in vacuum is
Binc(x,t) = By § cos(kx — wt) (1)
(é ) (a) Find the electric field Ejy of this wave. :

( é ) (b) Find the Poynting vector Sin. for this wave. \

( L) (c) Suppose this wave is totally reflected by a thin sheet of a perfect conductor occu-
pying the yz planeat x = 0. Whatis the force per unit area on this sheet due to the EM field?

é) (d) When the wave reflects from the conductor at x = 0, a reflected plane wave traveling
( opposite the direction of the incident wave is formed. The total electric field Ey is a
superposition of the incident and reflected fields, Eiot = Einc + Eye. Take for granted that
the total electric field parallel to the surface of a perfect conductor is zero, and find the
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Problem 3. Two monochromatic light waves of different wavelengths A; and A, in
vacuum are both incident at angle 6y on rectangular prism of Material X. Material X is
dispersive, and its index of refraction depends on the vacuum wavelength A as

nh) =5+ @

with X > 0 an unknown positive constant. Because 7 depends on A, the two waves are
refracted at different angles 0; and 6 in Material X, with 8, > 0.

Vacuum

Material X:

Vacuum

(a) Use Snell’s law to find the values of the index of refraction n; = n(A1) and n3 = n(A;)
in terms of the incident and refracted angles.

For the two wavelengths, A1 and A;:
(b) Which wavelength is larger?
(c) Which wavelength of light travels faster in Material X?

(d) In the figure above, which of the wavelengths, if any, will undergo total internal
reflection at the bottom surface of the prism?
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