These solutions are from the 3™ edition of the book, but with the problem number from the 4™ edition.
Some of the equations that are referred to in the solutions may not correspond to the same equation in
the 4™ edition of the book.

9.20

(a) Use the binomial expansion for the square root in Eq. 9.126:
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So (Eq. 9.128) d = — = ~ e aed

€ = ¢r€0 = 80.1¢y (Table 4.2),
For pure water, { pu = po(l+ xm) = to(1 —9.0 x 107%) = »y (Table 6.1),
o =1/(2.5x10%) (Table 7.1).
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(b) In this case (o/ew)? dominat%. so (Eq. 9.126) k 2 k, and hence (Egs. 9.128 and 9.129)
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1.3x107% - [ 13nm. | So the fields do not penetrate far into a met.al—whlch is what accounts for their opacity.

(¢) Since k = &, as we found in (b), Eq. 9.134 says ¢ = tan~ (1} = 45°, qed
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'Meanwhile, Eq. 9.137 says % o~ /“‘é - %‘f. For a typical metal, then, % _ /4o )(411(;1: 1077) _

(In vacuum, the ratio is 1/e = 1/(3 x 10%) = 3 x 10"%s/m, so the magnetic field is comparatively
about 100 times larger in a metal.)

9.21

(&) u = % (eEz + I}IBz) = %e"“ [cE'g cos?(kz — wt + 0g) + %Bg cos’(kz —wt + 6 + ¢)]. Averaging

over a full cycle, using {cos*) = } and Eq. 9.137:
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But Eq. 9.126 = 1+ ”(5) = Lo sews —e E‘,ww, = .1S0 the ratio of the

magnetic contribution to the electric contribution is

o = e e (;%)’=Jx+<é)’>l- =

(b)S = l(ExB) = }EoBoe'z‘" cos(kz—wt+dg) cos(kz-wit+dp+d)2; (S) = %LEoBoe‘z‘“ cos¢z. [The
u "
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average of the product of the cosinesis (1/2x) foz cos@cos(8+@)df = (1/2)cosé.] Sol = 2—-“EoBoc‘7“ cos¢ =

k
izge-’" (5 cos¢), while, from Eqs. 9.133 and 9.134, K cos¢ = k, so | [ = ——E3e™***.| qed
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9.23

(a) We are told that v = aVA, where a is a constant. But A = 27/k and v = w/k, so

dw 1 1 /21r 1 1
w = ak./27 [k = av2rk. From Eq. 9.150, v, = = m/ﬁ;rm = ia T = Ea\/:\. = §U' or
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(b) 5 =i(kz wt):bk—«r-l,w—h—zmh-zm.Therefore v—k—p_ﬁ_2m'

hi hk
Vg = @ Ak =— =2 |s0|v= %vg. Since p = mv, (where v, is the classical speed of the particle), it

dk ~ 2m m m
follows that E(not v) corresponds to the classical veloctity.J

9.25

e - e— = 2
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Equation 9.170 = n =1+ Bmeo (g — w2 + 1%
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o N (B (o) (5 - ) 417200} =0 D = (4] ) 2 - ) = 7] 20
(wi ~w?)? +77w? = 2(wd —w?)? - (uf —w?), or (W ~w?)? = V(W +uf —w?) = Y] = (W —w?) = Lwor;

Let the denominator = D. Then

w? = Wi Fwoy, w = wo/1F 7/wo 2 wo (L F 7/2w0) = wo F7/2. Sowz = wo +7/2, w1 = wo —7/2, and the
width of the anomalous regionis[Zw:wg—u, = ]
Ng2u? . N
n?eoc (Ug = w?‘)y"‘ ol 50 at the maximum (w = wy), @max = mc::'r'
At w; and wy w? ==w§ F wopy, S0 a = Ngw? i =0m («L) But
' ' mege Ywf + 1w? \o? +wh
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So @ = Jamax at wr and wy. qed

From Eq. 9.171, a =




9.27

(a) From Egs. 9.176 and 9.177, V X E = —%—? = iwBoe'**-w). ¥ x B = %‘Z—E -i‘c-;’-E eflkz—ut)
In the terminology of Eq. 9.178:
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= 33, 85, hz—w 2% % aB; iw
(V X B), — —-5; - *5— = ( kBo, ) (¥ ”. So (Vl) th: p = C_z v
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This confirms Eq. 9.179. Now multiply (iii) by k, (v) by w, and subtract: ik?E, — kT - W z +iwkBy =
: . Wt 9. , 9B, i 0E, _ 8B,
'lku)B”'('—c-z—E;:l(k )E: B ayvc\'(\)E —-—‘—-( /c)’-k’(ka +w8y
" " ’ OE, y aB, _ . w? ,) -
Multiply (ii) by k, (vi) by w, +iwkB; ~w = iwkB; ?-E,, =1 (c’ k) B, =
0E, 0B, = i OE, 38,)
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kay +u8z'°r(")E’ (u/c)?-—kz( By waz
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Multiply (ii) by w/c?, (vi) by k, and add: a5 i E, + ik*B; e = 1—C-2-B, - z?E, =
2 .
f2 W - 83,_9_05 B, i 83,_3_8[5,
’ (k 2 ) BR=% dr ¢ Oy’ % i(R) Bo = (w/c)? - k dr ¢ 8y )’
i L Lwk wOE; A 0B, 2 .w’ iwk
Multiply (i) by w/c?, (v) by k, and subtract: i = E; - e k%—;— +ik’B, i3 —B, + ?E, =
2 .
(2w _ wOE; aB; i 9B, uaE,
ilk c’)B"—c’—az +kay.or(lv)B (/)2 k cza:c
This completes the confirmation of Eq. 9
N aEz aEy aE.'s i EO Eo i(kz—wt) _ aEx 8Ey . L
(b) V-E = az+3y+az =] = +—3y +ikE,, | e =0= az+ay+ukE,_0.
. i O*E. 3*B, i 8*E, 9’B, . N
Using Eq. 9.180, Wi = (k B2 *“’azay) + G (lc 7y w&ray) +ikE. =0,
&E, ©&°E, 2 12
or -5-1—2- T &y [(w/c) -k ] E.=0.
Likewise, V- B = 0 = %+ 9By 4 ikB,=0=
i 8’°B. w O’E. i ( 8’°B, w OE; ) .
— k — =
Wi = ( oy =3 3:811) 7 e el R A
9*B, 8 B,

o Ty t [(w/e)* = k*] B: =0.
This confirms Eqs. 9.181. [You can also do it by putting Eq. 9.180 into Eq. 9.179 (i) and (iv).]




