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" YL.4,,I.7-,1.8, 1. ln,2.!,2.3,2,5,2.6. I0 "Ad\\. Problems from review

\ " I L 1' a) Prove that for a harmonic plane electromagnetic
wave E: Eocos(k.r - arr), traveling through an insulating

isotropic medium, lnl= zlnl and in vacuum lul: "lul
b) Calculate the magnitude of the poynting vector
c) Prove that the energy content of this plane wave, in unit
volume, due to electric and magnetic fields is equal.
d) Calculate the total energy per unit volume.

1 a) Calculate time average of the harmonic plane wave\-\t z
E = Eoe'(o'-'') over a time of T (T is not temporal period of the wave).

b) Calculate the (cos(rtx - ar)),, (sin(rtx - cot)),, (cos(kx - r,))',.

(sin(rtx - rr):. Use the notation sinc x = T
c) Use the results of parts a and b to show that for plane waves

invacuum l=(s), =*u.'
d) Calculate the optical flux density for the plane EM wave with
the following electrical (also called optical) field moving in vacuum

L,f r(\-lE.: E, =0. E.=t0Osin 
lSzxt0rr[,-;* )) ,orr: 13.3 w tnt'l



ftu'r3
2'q zfutJ2u

{

0eo'tk** 
*r'J*

a-/ jfi,* ht s fol- /,* q ueraJ{ ti n'tur nfi +r,*r*
t>\, ,rn^il T ,,5 y-#t +h- V nt-.;uaf

t.ntt tfr , .4zi \ a f i ial ,, t ( r'ezT.rti'r,+= * j, __ e "l+ =.L I d-'' l,"t-'f,. - /t/2 I \ )t-Trp 'z
1 i'*r,

::-: # -W'--gjJg*+
/t: + >-sr."rr:\2,-T

.f1'')fun
5rn I{,Url

+x/2
wJ

Z aswl )_ = # €i.t( ** L)T:\ *Si^{i,,.,+ _q)
- #l $,* *t igr G***$in€

- 9, ,. o,fT G{,"k + (es;/t;,l,ff1'!?-r-2-l

.-; -i= z{os'ur+ 5i" *# s Cqwt bjel. ; ":{ t '! e"
lt ''*';wJr )- > Gs ut 5 in ci {l I f ., r.r",.,,j {,Ja*r?,ri)' 

r 
"--:::-"1:;--**-l-==ff-*:-::-*-*=-.-=F," 

1 / Ol 
k /r g z./e rt, ".n'Lrr.-

lL3,n M'"r- - 5 ,n ^tt S,,o QV , ; a,tuayin j La/5*o

4 -.rl



fn

. ii/^.,
i "-- --- "' -,

j/
I

: 16,

:.!. .

l

la;.:.?'"

,t:

.- .,.1

I
. li i:' . : ;, :'.,.:i 1,

4

t,n 
-]



T\.,y':/

ir'/),'ss lt ^ t'D,--44 l' 
.{" 

}

't
J'."t i ...N' .:.:. ;,1

t'-;'.,.i'.., :l O*

it



\,+
r|d3 PI6{
€r") b +\^r,4 ..r\r,a|mtz % \iTt-v 0

+

Vo)*..^. ,-]- Xq Sa**p-U*
/\=b=z-v nnn I -X

O"=
L -\c "tvA

n4
Na- aStw/T.L

V=
Lon

(a E-'
-=',,|7nil

12

f) = 7@o

)
'-)2
a
I

\,j =ftL f3)

lt** y
I

w
i-

X

u: {x-i) €
( )t: L::) i ' i""&'12.t x-L = \,2\) o

!n
uJa
Y-L

= t-tr"L
Lw

tu -bo
LvJ.
W-tdot:en *zv, 

+{ "
1 nL-l-z-

Lw
irt 1lJs

3'- \u -3
l.D -;)

44

W ';\eJ u !d *-=-r 
tt"J-+.,, i

-

L^)

L

e
,6 i

!,

i*g
.n'L- 2

V= YfrL.^: e,**:j
l- -^.fi*o

p= Y:ift"&:u' 
..=,> -v_+- +t*:Zgrnffix*,filx:--l



I+nl3 P\a"{
\ I : \. r',2--l 1r,

14, . J>--, :e*" -:- l' tP -&4i,rvrj' ' i -"* -n= | -'
r"-":-"''ri=-r.''',',.#.*'.*a':F_.*- 

F'%

: ff*qt

lD = 1* l$*\o ) rt \_i:**--_J

2

I jb
\ _---
I r'.l4

{ e =zE x *
3le

!

*q
rJj

*'; 
F

$6..
:Lii!t

t
I

/, ', E-.(l arxj
rfliL} tit+' :

g 
= Z)- e v {*a:;-Z=r-xg t::-2- ri* v-Er;)(2-t6i,m qt?

' fei'f

_r(t a*,\(t_z+f,*4IME- \-€
J-*<

&

*.)%t6{!*)*
-t_



elir# 2,, f-rcr f, 'ffi{ =.Kv

,n fu =.x \nr,nu 1o-rt $.}+r.5,v 1 4f\ *rvi
i( e= hr fu,-ni nhar'{-\ x(,(+rr 3{t,* j 

'z

z

,n 7 =.x \iVi T,?\ r{,, +}.s,.e 1 - ,

tYr\tlz )ilJiy=\\{t+t5
ffi"Inn@J -.Kv

k* a=,y {v }.1

f['r ) t

; Eoqr

ntr z *-( ,'( ,n! *) dr,?h3
*.th F &=*=r',2 z z, -21 nt/f

rZ=7r'
_\ry,)-,?q /)+ !\7

' \c'r) S
.,t)
*.\'t'-

L"\

t+ ?Yr"t-on !,r {;ry4- 2

7fr?tdL /,#(



?
Li

ItI
I
I
t
\

-,t
t-6

='€

/'r j

:t 4 #*r* a. l/ '---/
€ *.-:

i
iJ /-tJ

i fic I
< r I - 3L/c '6 'na+

,p,. 'f, t-' t/

'r*; ? **@i' '1,

3t {rr Lf :'-'{ ",y
'j .. .*' -- t: I ';c

r&
L

/'i''*it- :.tJri ;
j,. ", i4vo'l tlt . /r. {,/ .

7q,ti Ln4 L



{phqs )llwt

3'O

-Q lg
'-- 4,2

'-- QI t I1'

\
)

h,t ;/Ao

Y{ v,t s
{ e f, Ye*\^"':t"e l,-G ' 'U

I t , ---'->Y' s- (v be - s\oPa .

I

(;) ,(*:) ('";)

E,,YrA\,ftf,t7r'! -jF
4, * q= 4ro&- -* n 7- f, 

-r U:i'
r; = 4,*5 'r
fi,€, -= Y\.Q-

S*VorLr\ = + s Qt* Qt -t (in
y::ri + q-r')(r- * \

I

\ ,-. tst\- +) f + (\-\ r
1 *' - cr + D (',
I t> '' r\ ffi

q ' A- 
\

trffis I

)2 a(-rtr,,)
q,=k-ri

;\1

u

\i

=<t\

[,,-+)"+r]RTtut i5



Z.g

c)

\lv> F tts

I

7- r:
r=l' ,

ot'- d'=,

st*L *WL *

Y**

W4 Waploru_ /u{tcfu,-
fiTtnr -# o."n t *+e-,*fta rq*

14o\:il
wc- opp {3 nfe&re-V*yyrei ;,*:["

12

4
-t

nz-

ln;tr':Jw
1 rrl oIII -=lI lo Azl,li

LJ
r:

sil{

/#D-[)c =tl

:tflti.g{_!

<#r*

s)
D)

4)tl
J-t

I

^:"ffi
r

\ntr.sIr '+,{Ti
L r' -' =*' , ? .* ., =.J Li.,,+D-Bcw_l_

\t$,

4
I l=Lt

I

l
,

fo?l-ta o



YtvT Pts
zi

tt n(r) = no[-t- Lt?f l
Dotl,ts ,, Ve
t1 (aJ = ).{zfl ., h (r)at.s?-n^ l1'T9 =n I -r-(=L- l1'fro, t 'L5

*"0[ u,*L I
, -LtLl"zL'(. ) r-

e(t- ry\'"r y1,
V- grnm

? = )+, I't ct ?h\.
\-,.D7

,4 ncp ,/v.otrr'q

<-frl=

l+ +7 tu^.-
E \, -+*
! ' )\ -\3 h^.a,- eTurvu\,-*

Grr{ey tan\

-(,

=)

f1lirtQ'
\---J=-
(d'
l-;t

CJ

I

r;
I
l)_,f

t

t
b

t

.f

-!P
Y

IVt?
Tr
)t

alfr ?'\ l lo r lf_:',f,

{1,
,> ),

2.r{*W


