Homewor k Assignments

HW1.

Ch2: 32, 37, 40, 42 (note problems without * haskitsons in back...but don’t look until you’ve trieg or
your learning will go way down)

and:

Problem 1A:
¢ = (3+2)e>"
‘//z — (_1+ 4i)ei(2x—4t)

1. Findw andA
2. a. Represent each wave and their sum on a ptiagpam for x,t = (0,0)

b. Find analytically the magnitude and phas&/pft ¢/,
3. Repeat 2) with x,t = (1,2)

Problem 1B Using Maxwell's equations (derivative form), atte forms
= _ B A(kB-at) — N o a\ d(kx+k, y+k,z—at)
E=Ee = (onx+ E,Y+ Eozz)e ’

5 — B Af(kF-at) — 5 S a\ d(kx+k, y+k,z—at)
B=B¢ = (B, X+ B,y + B,,2) """

—

show thatC) X E = K X E. Then show it follows thak X E = cB andK X B = — U E,E

From this, argue that: E, B must be perpendicaldtector and to each other, apd= E
Cc

HW2 on next page



HW?2
Ch3: 5,18,29,36,40

and
Problem 2A:

Write an E-field in the fomE = Eoei(m_(d)polarized in the y-direction, moving in the x ditieo, and delayed

i(Km—at
in time by one quarter cycle relative to the oatitin e )

Problem 2B:

Suppose you claint = k(x? + y* + z?) cosat . From Maxwell's equations,
find the charge density(X, Y, z,t) that would have to accompany it. Fifd&E and from itB(x, y,z,t).
Show that this B violates a third Maxwell equatiea,theE(x, y, z,t)you proposed is not physical.

Problem 2C:

In eq 3.66,x(t) = x, cosat inserted into the differential equation 3.64 yields = qZ—E"wz) This is very
a)o —

simple. But damping is missing, so it's not phgsisecause the amplitude goes to infinity at resoea If

2
we add damping, the differential equation i%[—z( + y% +w?’x= a E,cosat . This is a pain to solve with
m

cos and sin. Instead, substitug) = x €“ into %+y%+a)ozxzﬂ E.e“. Show thatx, is proportional
m
to 2; Break this factor into its real and imaginarytpand plot them: set) =1, and plot (for
W’ - +ipw

w=0to3) the curves for three different dampings that gbaose to illustrate what happensyatianges.

Notice which part (real or imaginary) has the sp@chape expected for of indexuw)( and which has the
shape of an absorption curve. Note that the rehimaginary parts correspond to the cos and sis pathe

(harder) trigonometric solution.



HW3
Ch. 4: 2,7,8,26, 27
Addenda: On 8, show that regardless of the intidegle with respect to the first normal line drawre
incoming and outgoing lines are parallel, whiclwisy surveyors use corner mirrors for their lasearbe
reflectors. On 27, relate the proof here to thetph momentum conservation discussion in 4.11.2
Problem 3A
In the Lorentz model, take N = #Im® for the density of bound electrons in an insulaamd a single
transition aiy, = 6x10° rad/sec (in the UV), and dampikgwo/5 (quite broad) Note this is the example of
the graphs | presented in class, so you can chaakwalue of n.
For the frequencyw = w,—2y:
i. Find the relative dielectric consta{w): its magnitude and phase. Does this lead or (§§ E
i. find A=n+in. Please do this step by the methéz = \/H(eig)mso you are familiar with taking

square roots of complex numbers.

iii. Find the speed of light in terms of ¢, axnd the vacuum and in the medium

iv. Find the absorption coefficientin units of 1/cm. Find how far (in cm) the lightnetrates into the
material before only 1/10 of the original intendityyemains.

HW4
Ch. 4: 19, 21, 23, 24, 32, 35
Addenda: On 21, prove the general case for appdegth given any n. Usg i 1.33 = 4/3



HW5
Problem 5A Show analytically (using trig relations and thre$hel equations) for s-polarized light thgt#R
Ts= 1.

Problem 5B Microwaves Q.. = 3cm) in wax (n = 1.5) incident at 450n a wax-air interface are totally

internally reflected. Find the decay constarfin crmi’) of the evanescent waves for both s- and p-
polarization. You will measure this in the labHRV6, so save a copy of your work so you can compitie
experiment.

Problem 5C

Metal reflection, plasma. In the Lorentz model, take N =%m?® for the density of free electrons in a metal.
Assume no bound electrons, andwet 0. Note this is my example in the graphs in lectageyou can
check your work.

1. Find the plasma frequency. (note: Rememberishiot a bound electron resonance.)

For w = w, — 1x10" rad/sec

a. Findn=n+in fory= 0, and in Fresnel's equations, for normal incaershow that with thisi,

rr=R =1. Find the phase shift of the reflectigght vs the incident light, which is the phase .of

b. Find the decay lengthdL{for light energy to penetrate a typical distancé/ef before it is
reflected perfectly.
c. With dampingy = 1x10° rad/sec, findfi, and for normal incidence show that r*r =R <1hisT

represents the loss of energy due to damping. thmmghase shift of the reflected light vs thedecit

light, which is the phase of r.

d. Find the decay lengthdl(for light energy to penetrate a typical distancé/e). This decay

represents a combination of strong reflection amdesabsorption. The light should penetrate less fa
For w = w, + 1x10" rad/sec

e. Findi=n+in fory= 0, and in Fresnel's equations, for normal incerand show R + T = 1.

The metal is a transparent material at this

f. With dampingy = 1x10° rad/sec, find the decay lengtluXfor light energy to penetrate a typical
distance of 1/e) due to absorption. The metalalle plasma frequency is now acting like a tylpica
dielectric with some absorption.

g. For the case in f), find the phase shift oftta@smitted light vs the incident light, which et

phase of t.



