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7.1 Shw t b t  
i{wt - (klx + kg) 1 

z - A t  

2 where k - u2/c2 = k: + k: i a  r ~ o l u t i o n  of the two-dimanional wave 

equation 

A A 
7.2 An electromagnetic wave (E,B) Propagatsle i n  the x--direction down 8 

perfect ly  conducting h a l l a r  tube of a r b i t r a r y  cross  rectdon. The t angen t ia l  
4 

component of E a t  the conducting wallr  must be zerc a t  a l l  time, 
a 

Show t h a t  the  rolut ion E - E(y,z) cos(wt - kxx) rubeticutad i n  the  

wave equation yie ld8 

2 where k2 - uZ/c2 - k m d  k 18 the wave number appropriate t o  the  x-direction. 
X X 

7.3 If  the  waveguide of problem 7.2 i s  of rectangular crosr- rsc t ion of 

width 8 i n  the y-birectiou a d  height b i n  the z-direction, show t h a t  the  

boundary conditionr Ex - 0 at y = 0 and 8 and at  z = 0 and b i n  the  wave 

equatioa of problem 7 .2  giver 

7.4 Slaw, from problem 7.2 8bd 7.3, that the  l m a t  por r ib lo  v i l w  of o 

(tho cutoff  froqrydcy) f o r  kx t o  be r u l  im &von by m = a - 1. 



W b u i .  of the "cr i sscrou  tradkrg d1 d.rctiptioo of wavmr i n  8 

mveguido. It k 8a i l u r t r a t ioa  of the face th r  t b r e e d ~ i o n , t r a v e l i n g  

hrroaic wan8 form a " c q l e t e  set" of fwucglonm fo r  describing three- 

d i v l u i o r u l  wavers. Of course t h r e d i m a a s i a a d  rtur$ing 88~88 a l so  foma 

a complete se t .  

7.6 (a) $how tha t  for  gLur, of m x  1.52 tt# critical m g l e  f o r  internal  

ref lect ioo ir about 41.2 deg. . .  

(b) Whrt k the ct i t ica l  &la for  water of iadu 1,337 W i l l  r water 

p r i m  in  the shape of ,.a Imorcefrr r i gh t  t r iurg le  &m ntrodir.ction of 

l i @ t  without my 1088 (by r a i r ~ c c ~  i n t o  air). Hrrt msrta~. tha t  the 

water extrado riJIt up to tho .it.. Thm worry about the g l u s  mictoscopr 

slide8 that t o w  the sidea of your wrtjrt prism. 

7.7 
Show tha t  the retrodirective 81Us gbw prism w o r h  a t  ather angles of 

incidence than the o o m l  r b , ' i n  the r eme  that  it d i rec ts  

the light back in t b  opposite direction from th. in t idaut  direction. 

7.8 Calculate the arm peuotratfoo distance (tb. muu ampkitud. attanrution 

d i s u n u  r-' - 6) fo r  vis ible  l i @ t  of wanlength 5500 ratrodirected by 

tha g l u s  prism.(We meaa th. dlsWlccr n o w  t o  the rur  glass-t-ir surface.) 

&smo the iacident light bum is at  wrm8l iocidenca. Take the index of 

refractlon to  be 1.52. h a  6 - 2.2 lom5 

7.9 For l i gh t  (or microv@ms) in a waveguide we found that ,  i f  the f r e q w c y  

i a  below cutoff, the r direct ian (along tha guide) is "reactive." Th. 

other two directions wore wt zuc t ivo ,  fr it possible b p r b c i p l e  by 



some ingenious method t o  construct a "generalized waveguide" i n  which the 

waves w i l l  be reactive %n aa l  three direstions x, y, and z? 

7.10 Cri t ica l  aagle for  reflection from the ionosphere. Replace the 

glass to  the l e f t  of z - 0 i n  Fig.7.3 by vacuum, Replace the a i r  t o  the 

r ight  of z = 0 by a plasma-the ion0 alized so as to  have a sharp - 

bouadary (and a uniform composition). Show tha t  Eor every angle of incidence 

0 there i e  a cutoff frequency w which depends on and that  a t  normal 1 C.O. 

incidence t h i s  cutoff frequency is the plasma o s c i l l a t i o r ~  freqwacy w . 
P 

Show that for  every frequency o above the plasma oercillatt.igsr f req~eacy w 

there 'is a c r i t i c a l  angle fo r  t o t a l  reflection such %hat for  angles of 

incidauce greater than the c r i t i c a l  the wave &a exponendal i n  the ionosphere. 

a s  an example, take the plasma osci l la t ion Erequency,to be v - 25 HEz 
P 

(megahertz) and find the c r i t i c a l  angle for  microwaves of frequency 

v = 100 M H z .  ADS. For fixed el, w = w /cosO1. For fixed frequency w 
C.O. p * 

above w cos6 
P p e r i t  * ~p'" 

-5 

7.11 Obtain the claoeical wave equation for  8, a s  tluggested follow&ng 

7.12 3Radiatim pressure of the sm. Given tha t  the solar  constant (outoide 1 

I 

the earth's atmoephere) is 1.94 small calories per square centimeter per t 

6 2 minute (whieb is 1.35 x 10 ecg/cm sec), calculate t. dWelcm2 the radiation 

pressure on the earth (at  normal incidence) under the two a~lsumptione (a) 

and (b) . Than compare the resui t  to atorospherfc pressure of sir at see level.  

(a) The earth is black and absorbs r i l l  the l ight .  

(b) The earth i c r  a perfect mkror e&l re laec ts  e l l  the l ight .  
/ *  * 

! 



7.13 P l m s  elactromglutic v+-+ $&jr that, fo r  . l . t t t ~ ~ ~ o o . t i c  p h  

wawm in vacuum, thore Muxife4'8 q u a t i o w  that give tha rolatiorr between 

H .ad Bx are "quIva'.ent" to.* Mmxwell quatiom relatlq Ex and 0 
Y 7' 

in the euue tha t  OM met of tqwtionr can be ob tabed  from the other m m l y  

by rotat ing the coordiaate rp.trrr by 90 deg about tha  r axla (vh%ch $8 

a 4 
the propagation u im) .  Wko 8 -LCB mhoVfPg the o r i a r t a t i o w  of B, B, 

a n d t h e x a n d y a x e 8 ,  

7.14 Stanaing electroolt#netic wavea in vacuum. Shar t h a t  i f  Ex(r, t )  I #  

the atanding wave Ex - A c o w t  e, then B (2.t) 10 the mtOndh8 WU- 
B 

7.15 Energy relatiow icr electromagnetic mtanding vavem. A s m u r ,  8 mtsadlng 

Qave of the form given ia prab .7.14, ?Snd the  electric and magnetic 

enargy densitiem a d  the Popnting vector mi fuactioa of apace aud time. 

Cons>der a region of length )Cli extending from a node i n  Ex t o  an antiaode 

i n  Ex. Sketch a p lo t  of Ex rad B m u a  2 over thrt re& at the ti... 
Y 

t - 0, ~ / 8 ,  and ~ / 4 ,  Sketch p10E of the electric w r g y  demity,  the 
x-f m' 

magnetic energy density, orrd the total W i t y  over that  region fo r  the 
rl 

lrame timea. Give the direct ion and magnitude of the Poylrting vector St 

fo r  those same times. 

7.16 First-order coupled linear diffeltcatial  equrtiona f o r  v a w  op a 

s t r ing .  Consider a continuow hombgeneow mtriog of liueat r u m  denmity 

Po a d  eqilibrium t.nslon To. As you knu, 8uch a 8CM8 u u r r y  &n- 

dispersive raves d t h  velocity v = a. Deflne the rave quanticiem 

F (z,t)  and ~ ~ ( z , t )  a s  follows: 1 



Thur F i r  l / v  tiour the t r . a rwrre  raturn force exerted an the portion of 1 

tha r t r i ng  t o  the r i gh t  of z by tha t  t o  the l e f t  of r ,  md P ir the traw 
2 

averse pomentum per unit  length. Shar tha t  P1 and P2 r a t i r f y  the f i r r t -  

order coupled equcrtionr 

Show t ha t  one of there equations i r  "trivial",  1.8.. is arraati . l ly m 

ident i ty .  Show tha t  the othet  is equivalent to Newton'r secoaa low. Notice 

tha t  there equations a r e  s imilar  i n  form to  Maxwell's two 8quationr re la t ing  

Ex and B with EX aaalo$ow t o  F1 and B t o  P2, SiaJlar ly ,  o m  of the 
Y' Y 

two Mawell equations can be regarded a s  a " t r i a l  ideat i ty ,"  i f  o m  lrrrow 

the  special  theory of re la t iv i ty .  


