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1 Electromagnetism

1.1 Problem 3
1.2 (a)

Electromagnetic wave, frequency w, linear medium. Take a guess E = Egexplikx — wt|. Need a
wave equation:

Vx(VxE):—%(VxB)
ot ot

The latter comes from J; = o F, where o is the conductivity.

V(V-E)-V’E = 9 (uUE + uea—E)

V2E = ju(0E + ¢E)

Usually would say J; = 0, but we don’t know o = 0 (at least for now). With the guess taken
above:

V?’E = —k*E
E = —iwE
E = —W’E

k? = pliow + ew?)
k? = pw(we + io)

If k has an imaginary component, £/ — 0 as the wave moves (from the guess we took). Thus,
we need o = ( because we are told there is no loss.

k= lol Vi€

We made a guess, so let’s say |w| = w.



k= w/jie (1)

Since we are told pe > 0, k is real as predicted. We can easily check that our solution is

divergence-less, as required, as long as £, = 0. That means, as expected, that the electric field is
perpendicular to the direction of motion. Let y be the direction of the electric field, so that:

E = Eycos(wy/pex — wt)y (2)

By Faraday’s law, we can find the magnetic field to be:

B = \JueEy[cos(wy/pex — wt) + C)z 3)

How do you determine this constant C?
And then from the definitions of D and H, we can get:

D = Eyecos(wy/pex — wt)y 4)

H = \/gEo[cos(w\/Ex —wt) + (]2 )

(b)
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(c)

Laser, narrow, w. v,,€,0 < 0. The derivation is the same as for the usual case (positive

constants). The boundary conditions must hold at all points of the boundary, and so, at z = 0, the
argument in the cosines must be equal:

ki-r=k.-r =0

This means that the components of k parallel to the surface must be equal. Set z = 0, then:

1
—sinb; = \/pesind,
c

0, = arcsin ( sin9i> (®)
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