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PROBLEM SET 4

Reading: Griffiths, Chapters 9.1 — 9.2
1. Griffiths 9.1
2. Griffiths 9.9
3. Calculate the Poynting vector for the plane waves described in parts (a) and (b) of Griffiths 9.9.
4. Griffiths 9.33(a) [NOTE: See hint on next page]

5. Inclass, and in Griffiths, we showed f(x, t) = g(x - vt) solves the wave equation. Show by substi-
tution that f(x, t) = h(x + vt) is also a solution. Show that a function of the form f(x, t) = h(x + vt)
represents a wave moving to the left with velocity v.

6. Suppose that the electromagnetic field in a region of space is the superposition of two plane
waves of different frequencies (and wave numbers). The electric field is given by:

E(z,t) = [E, cos(k,z — ,t) + E, cos(k,z — w,t) |k

Show that this electric field solves the wave equation.

(@) Show that this electric field solves the wave equation.
(b) Show, using trig identities, that E can be written as:

E(z,t) = 2E, cos(2 z — 22t) cos(kz — ot)X
Where Ak = (k; — ko) ; Aw = (01— @) ; k= (1/2) (ks + ko); and @ = (1/2)( @1 + @)
(c) Repeat part (b) by manipulating the complex waves and then taking the real part:
E(z,t) = EOSR{ei("lz“"lt) +g'tere)1g
[Note: use the following properties of the complex exponential: e = ('?)(e'*?) and 1 =

(ei(x/Z) (e—ial2)]

(d) Suppose that ; = m,. Show that the electric field can be written as:
E(z,t) = A(z,t) cos(kz — wt)X

Where A(z, t) can be thought of as the amplitude that varies slowly in space and time, and
k ~K; @ ~ w. This is of course the familiar beating phenomenon when two waves of nearly iden-

tical frequency are superposed. Note that for electromagnetic waves, the full effect requires that the
electric fields of both waves be parallel.
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HINT For question 4 of Problem Set 4 (i.e., Griffiths 9.33(a))

The procedure you should take is the following:

o Verify that the given form of E satisfies Gauss’s Law.

0B > o : . :
e Use Faraday’s law to determine % from V x E. Then integrate with respect to time to

find B.
e Verify that V e B =0, confirming Gauss’s Law for the magnetic field.

e Calculate V x B using the B you determined from Faraday’s Law and then calculate

%_Iti using the form of E that is given, and verify that Ampere’s Law (with Maxwell’s

correction of course) is obeyed.

Do not be concerned that there is a component of the B field in the f direction. This
component drops off faster than 1/r and thus does not contribute to the radiation of energy.
These rapidly decreasing components are part of the so-called “near field.”
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