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Answers to Selected Problems

1 1 2 1 .
() V6 0 a -2 prap Ol @5 @732

(f) —a, — a'y 3- a, (g) =7

@ 5v2 (b) a, j_ yS\/_ T €0 (d)o (e) 90°
(f) ax15 + ay20 + a,25 (9) 50

For Problem 1-1, (a)ax7—-ay3—a,5 (b)A-B=1, A-C=—
For Problem 1-3, (a) ax 80 —ay 60 (b)) A-B=0,A-C=-20

2 1
J2 1-12  (b) axE - ay%

(@ ¢=0°a,=a, (b)$=90° a,=-a, (c) 6=90° a, =-a,

X

(a) (v2,45°1), (\/§,55°,45°) (©) (10°1), (V2,45°,0°)

1 ] (o] (o] (o]

() (T I j (\/_ 27 45) (©) (o,-2,3),(¢1_3,33.7 ,270)
11 1)(1 ., 1 ~ ~ 33 ose 3
(a) [E 3 Tj (5,45 , ﬁ} (c) (-1.84,1.84,-15), ( i 135°,
@0 () No 127 (@ 7 (b) 7.Yes 129 (@) m' (b) grg. No

(@) —a,e "sin2ycos3z +a, 2e *cos 2y cos3z —a,3e "sin 2ysin 3z
(b) a, 2psin2¢+a,2pcos2¢  (c) —a,3r ™ cos’6—a,r ™ sin20
(@ V-A=7’, VxA=-a2yz+a,2y-a,(2z+6y)

(b) V-A=-z7?cos¢, Vx A=—a p 'z sing

c0s 20
sin® '

() V-A=4rsind — rsing

VxA-= ar_Le(COSZG +cos0cos¢)—a,3rcos0—a,rcosd (3sing +1)
Sin

(@) 1 km east, 4 km north (b) 576 m (c) 205 m/km
() % (b) % 143 (a0 (b) 0 (c) Yes

(a) % (b) % (©) No 1-47 () 2 (b) 2 (c) No
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1449 (a) 6ma’®  (b) 6ma’® 151 (a —§a3 (b) —%a“

Chapter 2
4n 1is .3\(q3 A3
21 (@ —(b'-a)p,, 22 (b) 5(b*-a’)(’ =),
2-3  (c) 2masinf, p,, 2-4  (a) ma’lp,
2
26 (a3 —— |1+ L (a,+a,) 2.7 34 .
4meja 22 dn g, a
3
Pyo @ o per(l r
2-9 a) E=a, 22— (rza); a,——|-——1|(r<a
@ "12¢,1° ( ) € (3 4aj( )
P rf—at - P b* —a*
2-10 (@ E=0(r<a); a,—=2> ——(a<sr<b);a 2> ——(r=b
@ ( ) "4ga 1 ( ) "4ga 1’ ( )

2 2
2-12 (a) E=0(r<a); a Pa? (a<r<b);a,w(r>b)

r 2

g,T g,T
a2
©) b =—pus
“Puwo |:eikp2 _1:| Py |:e*k32 _1:|
2-16 E = ;
% 2ke, p (p<a) % 2ke, p (p g a)
! p°—a’ .
2-18 E=0(p<a); a, —|p,a+p, 5 (a<p<b);
€y

‘a}m>m

2-20 (a) E:axpv—"x[|x|<gj; a M(x>9]; —aXM£x<—9J
€

1 bZ 2
= ap 8_ |:(psla - ps2b) + pvo

0 X 2¢, 2 2¢, 2
P Za Prod Q Q
225 (@ a,———7 (O —=—= () a, (d)
2, (Zz +a2)% ZSOQ/ZZ +2a? Ane, 7° 4neyz
p z z Q
2-31 (a) a,=> - b) a, ——
( ) z 280|: jzz +a2 fZZ_l_bz } ( ) z 47‘[80Z2
232 (a) gi[«/z%bz—x/z%az} © -2
€, 4mez

‘ 2¢a |Z|

fZ 2
2-34 a p5°Z[In{a+ z 18 ]_ i 2]
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a |, a’°
z 2T
2-36 (a) a,Pu 2 2 2-37 (a) Pon 2
o 22+a— 22+a7 T _§+ 22+i
4 2 2 2
2-41 (a) a Po? ! - ! ) a2
‘2 2 2 2 2 “Anez
0 \/a +(z-012) \ja +(z+1012) 0
Po . Peo
2-50 E=a —>(p<a,p>b); 0(a<p<b), p,=
 map P <®P>D)i 0(a<p<b). p

oma (P2 5 (P=P)
a’ a’
2-52 (a) p, = 3 P (r=D); g Py (r=c)

3
p .o Pw@

b) E=a —°r (r<a); a, ==
(b) e, (r<a) e

(a<r<b, r>c); 0(b<r<c)
gl

Chapter 3
31 (@) pp=0, pp=tP (@tz=%2)  (B) p, =0, p, =Pcosd
(©) pp =3P, p,, = gPo (on all six surfaces)
3.6 E=a, Po zZ+/(/[2 B z— (12
2e0| \Jz+12)2+a2  J(z—112)%+ a?
38 E=-a -0

r
39 E=-a -2 (r<a); 0(r>a), D=0 everywhere
* 3g, r?,Oa( ) ( ) W
-1
315 (a) ZR{ilnEJrilnE}
g a g b

3-17 (a) ™

TE,HE,

C c b
In=  gn-+eln—
a

- 2.5
3-18  (a) W€F+%} (b) %(ﬁlslwzgz) 3-26 W,= 4mpoa
& &

€0
3-39 (@) D=a, P everywhere, E = a_ _Po (p <a); a, &(p >a),
2mp 2mege,p 2megp
P-a p—“)(l 1
2mp

2ma

j(p<a); 0(p>a) (b) py =0, p,, =2 [l 1j
Sr

&
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Chapter 4
4-5 V=Voﬂ, E = —a¢,&l 4-9 V(r,6)=
9, % P

4-10 Seven image charges are needed.

q(2d)cosé

4me,r’

4-11 An infinite number of image charges are needed.

413 _ _Pe a—scos¢ ~ a—dcosg
N 2n |s*+a’-2sacosg d’+a’—2adcos¢

1 1

4 = - an 9 4
@ @

(a+d) - —(a+s)
cosh[ﬂx}
423 Vixy)=Y Do \b sin(%"yj
n=odd 17T cosh[n%aj

sinh[ﬁyj 5
ke, sin( i

4-18 (b) Solve

e

425 V(xy)=V, sin(ﬁxj

a sinh a sinh(21t)
(—4Vosin% oy
429 V(p,4)= 2 = <a);
(p.9) n;d = - cosng (p<a)
[—4V05il'lrE n
\ ~ 2)|a

cosng (p=a)

n=odd nn

3
. 1 .
Vo) = s <o) S ()
0 0

3

432 V(1,0) = —E,rcosh+ E, - cos
r

P
4-36 (a) p,, =0, p, =P, cosd (b) E=—a,—>
3g,
3
(c) V(,0)= ircos@ (r<a); _Po_a_2 cosh (r>a)
3¢, 3,1

Chapter 5

51 (b) J=a, 3l

\;'O
P
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53 (@) 9mQ  (b) 3.54x10°S/m  (c) 9x10 * V/m (d) 8.78x10° W
5-4  (a) 1.27x10° A/m? (b) 5.79x10"S/m (c) 9.43x10°m/s (d) 4.29x10> m?/sV

55 (a) 815ps 56 >+ 57 9 55 L(LE)
6, A ©,A (0,0,F0,0,)w dnola b
5.0 — 1 (l—ij 512 ) Ltpli s
2no,to,\a b 2nl |6, a o,
Chapter 6
mv,

6-2  (a) positive (b)
qB,

I [ I ¢ —p?
63 BTa 2z (psa)ia gl (a<p<b)ia i s (bep<c)i0(p>c)

—oa

e a a 11 —oa
6-5 B= a¢HoJo?E(0‘PC P_e P+1) (p<a);a¢u0J0?E(aa—l+e ) (p>a)
a a
6-8 B=0(p<a);quog(p—a)(a<P<b);quoE(b—a)(P>b)

6-10 B= ap,J,z (|z|<gj;ax},toJo9 [z>gj; _axHoJog(Z<_9j

2 2 2
2
1
6-17 B=ayl, */gi
8n 2 a2 2 az
2+ — |27+ —
12 3
+
6-22  Assuming the strip is on the xz plane,B=a, B 1 In X+ w2 at points on the xz
2nw  X—w/
plane
6-24 B= H_OI% a, 1+L/4 _ax;
4m 2°+(di2) 22+ (df2)° 22+ (d/2)°
. _a ‘\/22+a2 +a‘
6-26 B=a, ~% +In
2 7% +3? |Z|

628 B:aZHO—JO Z+£jln a+«/a2+(€z+%)2 . (z—ﬁjln a+1/a2+(z_%)2
2 2 ‘Z”A‘ ‘Z‘A‘



6-32
6-33
6-39

6-43

Chapter 7
7-1

7-3

7-5

7-7

7-10

7-14

7-26

7-32

7-36

Answers to Selected Problems

2.3

m mTa

3

(a,2c0s0 +a,sinf); m=1J

T Ho
a) apJ, — b
@ aml. O L2
@ au, Jw% (b) m:ganoas

: I’ 2
a7, on the left top wire = “O—(—ax +ay) 6-42 dr, _ &In
z 4ma dz 2aw

%’“: ;O—ml:z{_z(wm)[m(W+d)_1]+d(|nd_1)+(zw+d)[|n(zw+d)_1]}

1+ ﬂ‘
d

(@ Im=0, J, =a,Msing (b) In=0,Jd,=FaMyatz= i%.

M

605

. 2r .
(@ J, = —a¢?°, Jms =3,M, b I3, = —a¢MOS|n9¥, J s = 8,Msin®

2

2 2 2
(a) B:az(gquo_gquoj:O (b) B:Bm+Bms:_az5“0M0+az§u0M0:O

_ ol Mol N N P 1
a) B=a,— (p<a);a,—2 (p>a) (b) J,=0, J  =a, — "2 "L
@ ? 2mp (p=a) * 2mp (p>a) () 2ma W,

(2) B=a, 2“1 (a<p<b); 0 (p<a, p>b) H=a¢zi(a<p<b);o(p<a, p>b)

2mp np

(IET)
M=a. —| ——1|(a<p<b): 0 (p<a, p>b
% ZEP[HO j(a P )’ (p P )

NI . .
B= a¢u2— (in the core); 0 (outside the core)
np

@ Im=0,Jd,,=FaM, (@ z=%

N

(c) H =0 everywhere

2
%cln{wb);—zaﬂb)} 7-27 p,N, N ,ma’®

2
ma,a il a
L,, ~ 1, (4332) 7-33 L, :iNlNzazln{Hbfd}

1+—

b _b}
d

— Ho +b)In
LZI_\Eﬂ[(d b)|

) 0 B=auMld<S o[l

2



606 Electromagnetics

Chapter 8

2

8-1 (@ E= a¢%p2 sin(ot) (p<a); a, B,wa sin(wt) (p >a)
a

V()

(b) V(t) = 3 8200 13 sin(wt), i(t) = (c) cCw

8-3 (b) E=a, Holg 299 g sin(wt) lnE (p<a); a, Holo =099 ) sin(wt) lnE (a<p<b); 0 (p>b)
27'C a 2n p

8-6 (a) V(t)=-—uoH; o cos(mt) ab (b) 1i(t) flows CW at ot = /4
8-8 (@ V,(t)=- Holy o sin(wt)! ln(l+§)
21

8-11 (a) V() = VBOK[Q)(HQ) sinwt—coswt} (b) F= aX%BOK
Y

8-12 V(t) = —oBgl d sin wt, i(t) CCW att=0"
8-14 V(t)=-Nna’B 8-16 (a) H=-a ¢2_Za_a_v (p>2)
8-17 (b) f >676.3kHz (c) No
8-19 (3 E=-a, (b) K* = oue

0.06 .
8-21 () H=a,—— sin(@t—-0.02x)  (b) f =955kHz

WK,
8-23 Elx= Elz :O’ Ely Z&’ Hlx= le =0, le = ‘]so

€y

8-24 (a) H= —a¢%%[oas cos ot +osinot] (b) S/—a, (€) —Py= % + P oy

=0

f,out

8-26 (a) B = a, n,nkt, E:—a¢%uonKp (p<a) (b) S//—ap ©) d\(;\:m L p

Chapter 9
93 v=188x10°mfs 95 H=H, {ay e "7 ef’X}
9-6 (a) E(zt) =axcos(wt—2z) —ay 2 sin(ot-22)
9-13 (@) E=a, 5e 07
(b) H=-a, 20?“0 71‘(0'5”%), H(xt) = -a, (Duso sin(ot —0.5x)

(c) o=1.06x10%radls (d) S, =a, 5 a, 0.047 W/m?

‘/EHOC

9-15 (b) A=1km  9-16 (b) f=5.77GHz



9-19
9-20

9-22

9-24
9-25
9-27
9-32
Chapter 10

10-3
10-5
10-8

10-9

10-15

10-19

10-21

10-24
10-35

10-38

607

(b) k,=2n/3 (c) <S>=a,033Wm’
(a) f=2.5GHz, e=1.44¢ (b)y n=1.2

22
14

) E=2a,2J2 ¢, H=-a, S ™ H_=637mA/m (d) 314Q

(@ k=56 (ax+a,2+a,3) (b)) E=+5(a,2-a)c Comtaviem

(C) H — _1_\/154 (ax3+ay6_azs) e—j(5.6x+ll2y+16.82)
7o

(@ o=37Np/m,d, =2.7cm (b) 4.77V/m

(8) o=14.87Np/m, d, =6.72cm (b) L.T=0.09 (c) o =1.86x107, d,=538.7m
d; >33mm 931 v, =1.58x 10° m/s, v, =3.16 x 10°m/s

(@) LP (b) LHCP (c) kKHEP 9-33 (b) LHCP (c) RHEP

R=-0.8+j0.002, T=0.2+;0.002
R=-0.514, T=0486, E=a, TEye > ¢ %™
(a) 3x+4z =const. (b) k=a3+a4 (c) f=2387 MHz

@ H= L (—a,4+a,3) e, <85> = 25
1207 2mp,

(a) 6;=36.9° (b) 6,=36.9°, 6;=23.6°
(¢) E, =a,R 5¢7 ™ H = > R, (a 4+a,3) e R =-0.264

k

o]

d) E, =a,T 5¢7>" H =ﬂl—(—ax6.87+az3) e I8 T =0.736
WHq
() 6.99% (f) 93%

(a) 0;=67.4° ®) 0,=67.4°,0,=8.85°  (c) Ry=-0.59
d) T,=0.41 (&) 35% (f) 65%

Decompose the incident wave into a sum of a perpendicularly polarized wave and
a parallel polarized wave.

(b) B3 =61° whena=0.05  (d) 63 =29°,8,=33.7° when a=0.05

65.37 m 10-31 (a) TE (b) Parallel 10-32 (a) Parallel (b) 33°
(@) E, =—a,5677, H, = (a,4+2,3) & () 1

Mo
J3

f = 75MHz, |E| =5 E_,. at lm infrontof the plate.
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Chapter 11

11-5 (a) 0,6,12,18,24GHz  (b) TMo, TMy, TMy, TM3
11-8  k,=471.2 rad/m, Ay = 13.3 mm, v, = 2 x 10° m/s, Zrw = 90.5 Q,
Sav =, 3| Eo | 2 c0s?(200m X) mW/m?
11-11 (@) 0<f<1.88kHz (b) 1.88<f<3.75kHz
11-17 (a) 2.39x10° W/cm (b) 7.89x10° W/cm (c) 7.89 x 10° W/cm
11-19 (a) TEi, TEo, TEz, TE1r, TMyy  (b) k. = 124.5 rad/m, f. = 6.95 GHz,

Vp = 4.04 x 10° m/s, Ag = 5.05 M, Zny = 1243 Q () 2.87 <f<5.74 GHz
(d) 5.23 <A <10.45 cm

11-21 (a) TEa, TEz, TEos, TE1r, TMyy () 11.7 < f<23.4 GHz

11-27 (a) No (b) Yes 11-28 a= 3.2cm,b=1.8cm

11-30 a=15cm,b=0.75cm 11-32  k,=-j24.9,-4.32dB

11-34 f,=10.6 GHz, Q = 6.2x10° 11-35 (a) a=21.2cm (b) a=13.3cm

11-37 The first three are 10.6 GHz, 16.8 GHz, 18.4 GHz
2nK,

11-39 J, =a, Ko gie (ap=a),l, =
na

11-46 v =1.875x 10° m/s, L = 0.569 uH/m, Z, = 106.7 Q, G=2.21 x 10 * S/m

1147 T = % Z, =49-j350 11-48 10 +j30 Q

11-52 T =034 7, =59-j36 Q, zpax= —10 cm

Chapter 12
ay%(z—vt),0<z<vt
12-1 (@) E= aXZK(|z|—vt), |Z|<Vt H=-a 2—K(z+vt),—vt<z<0
0 : |Z|>Vt '
0 |zl > vt

(c) p,=p;=0,3=0, J, :axﬁt at z=0
u
) — jkr
124 (@) A=aMoBlow gy pog LA, 8
8nr 8n r

sin®




12-5

12-9

12-13

12-18
12-21
12-25

12-26

12-28

12-31

Answers to Selected Problems

0039W  12-7 (a) 0.067 V/m (b) 0.071V/m

(a) LAl jou g K {ae (Sind+ jcosO cosg)—a, j sin¢}
Anr

) \2
P, = gnns (%) IS 12-17 R;=36.5Q, Dmax = 3.3

14.64 kW 12-19 |E¢|=1.404 V/im, [H,| =3.72 mA/m
Rr=199 Q, Dyax = 2.41 12-23 ¢ =0.382
(i) 90° (i) 78>  (iii) 47°

(i) AF= 005(2003¢+%j (i) AF = cos(ncos¢+gj

F(0,9) = 4f1—sin20 cos’d cos(%sin@cos¢j

SLL=-12dB for N=5
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