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PREFACE
£ 3

This solutions manual is prepared for the convenience of those

professors who assign my Fundamentals of Engineering Electro-

magnetics as the textbook for their classes. All problems in

the book are solved in sufficient detail so that no trouble should
be encountered in arriving at the final results+. To lend con-
fidence to the students who are assigned to do the problems,
answers to odd-numbered problems are given at the end of the
book. | have asked my publisher, the Addison-Wesley Publishing
Company, to exercise strict control in sending out this solutions

manual to prevent it from getting into the hands of students.

| realize that, no matter how careful | have endeavored to be,
occasional errors may still exist. | should be grateful if you
would be kind enough to notify me as you discover them either

in the book or in this manual.

D.K.C.

TIn this manual letters with an overbar represent vector

quantities which are printed with a boldface in the book.
——

A vector from point P1 to point P2 is indicated by P1P2.






Chapter 2

Vector Analysis

p.2-1 Derwﬁhg the diagenals of the rhombus [\/y D; and D,

we have : L
(@) D, = A + B,
E 1'= /—i—g.
by B Db =(A+8)-(A-B)
i - A4 -B-B=0
A .S!"/‘ﬁ(','?, lél = 'Bl
7(474_;'53 D, L D, .

o]

A /V/a_gn)#uc’e relations :
AB s/n 3,95‘.‘_- CA </n 6CA"= BC =im

Heree, e N
z Sir e S/'nes.

%e

Ay d ~Ay 64y 12 - 2 - 3 .= 6
=G, 5 —Ad, T T4
Y z 7

b)[é—-A =-a,2 X . ,
) A-d=bx%-2x2 -IXE =y g
d)B-A = 24 -]2-3¢=-24
¢) 3.5 - BA -24 AE L,
[> L/{ ,A_l \/Lz'J.'v?‘_v- '7 4—’4
+) s e 8[’»‘; = 4:"':{' =-0.245, i;-,:/bc =758 = f04,2°



x Ly @y
AxC =| 6 2 -3 |=-ax4~-a,3 -3 10
g o -2

R A (BxCY=(AxB)-C ==-CAxC)*B =-[(~4)4*’(*3)(*6)+("10)12]=”{4$’.

P’2“4 y
A
Y aﬂ = a . coso 7 a, s,
B o — ~ - a
ay d, = &, cosB + sin B,
MAX 8 =Cosf % £
o >

a) b;' Ez:,g = Cos (o(—-/g) Cosof Cos‘ﬁ + sinx 51)’)/9

b) a a, &
60;}3 smpg 0| = c_iz(s/mo(@; —CG:a(S;'nf)

CosaAk Ssin O

agxaA

= 'alz Sin (2 _/e),

., S/ (o(~/6) = S/noA Cosﬂ- Cos o S;h/g'

Il

- 4 -‘rE

P2-5 a) PP =0R oP <3
P, ), P O—P: Z = K6 (_(75 _{
/gl—i Of) "‘(/P = &l 2 —‘37 ’ »_,_

3

Q.. Y\l

4.

2P e I /-; =0, /(.vr,ni amjm at <orner /3,
b) Arec of tricngle -'=  f’; X P, /J |/J/’ 'p%‘ =75.3

Pae @) BR=G.2 +R 454, |BA|-/2Hatat =€

b.) P«—.i“pcnd'('cula/- di'stance Fiom @ ILL' the {ine

- 2oy 5o
—lh" o‘/wl = “";‘Ofg)xc-_—!;/a.]

=[x e Eh -y = T -5
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P2-7 G—;’ven /{ a—x;—a—z + Qa,

b4
a) | et g-C&MLBf , |
where (B2 4 B +87 V=  _ - (1)
A A, 4,
%y JR reguires GrA=0= |8, 55|
5 -2 1
where yields ﬁ), *+ 28, @a)
— Bx + SR, = (25)
-2574‘;5}1 = 0. (2!.‘)
F. 7ua7‘/r:m> (24), (2h) anrd (2¢) are oot all /Ec/e/ae.mdcmt"f
5 /\/rr‘zg £7}' (1) ayrc/ [2) Lve O/)'f?:)./r‘)
B 5 IQ = - -2=- . agred B = ;—
x = J36 ' SyT 36 z /30
o 53:\7_.5/07(4,5 qyi-}a)
b) Ler & = %G +a,C +a,C,, where C3=0,
N R, (3)
and C; + C; =/
5C .LZ regw're..s‘ Zté.}s.' =O, or
$¢, - 2C, =0 4

Solution of 575 (3) cunct (4) w7 e/uls

Sy ed Gy

R2-8 Giyen: A=A T4 = Ayl =543,
B +

Solvin ng, we Aave

/4 =—37(a </-+a>,+€l 17) ancl A;L:")—z/fll-"_ly/i)-
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pL2-10 57}7 = -ay - ;iz‘z’)

OR = ch(kc,csr/?) -+ 5y()’5/ﬂ¢) '1"[—1;23
- 7 3 -~ V3 =
_—»-— OL} (-——-\-‘)d‘ G)T +Cl£ , .
PR=0B-0F =-a4+a, T +a 3  1RA|=Vio
At B(-0.-2), A, =-32+&
1 . o 4 PA _ & _ .
p_z-// (4) b2 =r'C03q3 = 3 c03240:'=-%;
y~=rs/n4>=3 91'17240"3—.3/5/,{. (-i-,_:zi,-‘{_)
2= -4
B R = (s )= (300 490 s,
G = tan-'(r/2) = tan” (S)=183170 (5, 143,05 240")

= 4/3 = 240"

S
|

P2-l2 &-5sind, b)) sine sing c) cose,
o) —Jz Cos ¢, &) *5‘; Cus @, f£) - A,ces 6.

Pz2-13 &) T Carlesian cacedinates, A= A At ‘T/A)r‘f"‘;z/]z :
A?‘ = (?" »/-{- = (&r' aK)A)( -+ (CT‘;‘ CT)/)A)(* (C-‘fr' C_lz)/AZ
=/4,¢;;C’C'§ ?’}‘ + A/ 51.;‘} <‘le
b) Ir S/)ﬁerf‘ct/ Lf’”’_""'/’"n".de&’__A isze+b}A€-+ %’A‘/'
A, =a-A=(5a, YA, +(&,.- A, + (0, 8g) Ag
:/4,: 5';(7 Q‘_ + AG <os 9,
Ap ¥ 4 AaZ,

. - -2 2
Vv /’,24'2,.1 ‘/7'*‘:/




P 2-14 o) _Zn C‘.““ rtevsian Coardinates E=a t )’—)’ + _(_',;,E'z .
Ey“c‘) /' '—((L[. Uy >/— '/'(“'“"y)ﬁ z@ LE:Z')E;:
= F Cos (+(_( ) o E Coc [-/s.:nﬁ *‘t S /76
/)) /f') C)’//D“'i”/(cl/C(*(f<//p(,./‘€)>' ~—-—Ll E 1‘[{;’5 '/‘ft_,, .

-~

E = ‘0 2= (g GYE (a0 ‘)E(ﬁ‘f(aéng)fz
E , "‘EZ .51/7 C’/A
/2 - /12 =
P "/5 c{) = - = ) Td
Fo =% // ) 4 & 7%
.
(Fply ST +(~4)+4> 3
. —_ / oy e o
h) ap = é—( m, -a 4t 4 +) ‘;‘ = @R razl)
- _ / -~ L Ty
I I TSI (&2 -3z -4e) = F(al-a3-4¢)
; - - R i9) — e [
c},:/l = (o i (‘v'l/_- - 1}%) = Cc¢95 ! 57 (".\,. +4 - ',l) =2C¢sS l(,l/
= Con T (=¢. 351) = /5t E et =0/2.47
A
Pa-te [*E. j (ydxrxdy).

0

2
a) x=2y*, ‘J"=4)’d>“ { £ =J(4>’l°’)’*2>’2=/)’)=/4~

’, 2
b) X=6y-4, c/x'=6c/_y} f E_’dI-—-_f[ [6yc/y+(6y~4)}c/y=/4—.

L?L{a/ //ne lrﬂfejra/.s a/onj 1‘wo I/DQC/-)('IC pav‘/os do mot
hec..e_\_vaw/y ;rn/)/y a conservative £reld. £ s a Con-
servative field ia this case becawse £ = V(xy-* ).

P2-17 «) A?.,=Exxi"6_tyy +C{ZZ) —/i/———(x +),+zz)—‘//z
T4 V= A, L) g2 _/_
V(é)“ay/ax(/z)*“/sy a2 (z)

=‘pj(6?,,,x+'),y 2 )——,Q/,Q3



P2/ a)TV =a, (2y+2) +c?),(2x~;)+c;(x—y)
=&—7¢<‘l)+ E 4 -f-Cf—j MagnI:/Uafe =¢Z§,
8) pPd = 0Q - op—ax(~z)+a 3+aé
— a
d/,a— ———L———m——(axz-"q),;*«f—qé)

Rate of increase of V From P toward 6 = (§ V)- ‘TPQ
= (4 +/2+/5)= —%/i

P29 @ S5 =8 $=-a,
b) VA = (3 5% + 4, r?9¢ 2 a"z)-(J,A,+d¢A¢+§Az)
- D e 2
S A (5 2 3 s 2
= Ly ey 2
= 7(;,', (rA) + _ra;! + 2=

V-A=-L 2 (pn) /# A=a, A,

v 2* IR
a)/1=f RI=ZR", A, ="
7-A = EL —;—/( "*z)— (n+2)R"”
b) A= £(R)=a, 7{%, A, = ki
C-A= L 3 -
VA= k) =0
D)
p2-21 | F=ouxy +a,92 +a,2%. 7o Find $F-de;
a) Left face : y=o0, C(§'=-5),c{xcfz.
0 S— lrl
4 y [Of ~yZ dx dz =0, ()
X



Right face; y =1, d5=a,drcly.

jf Z dxdz = _. (2)
7'0/) Face: 2=/, JS = qzdxdf
'’ .y
\{‘_4 o % c/>/ = (3)
BO*?‘O/’T’ ';’ZC@: Z:o C/j a—zd a/)/ IF JS=0 (4)
Front face: x=1, ds=&,dyd
S vdydz=4 &

Ba-ck tace : x= =0, c/s——axc/ydz,) f/1"~¢/s‘=o_ ©)
Adc//'rzjo"‘ﬁe results im ),(22,C3), (#H, (5, and (6):
SF.ds =32
b) TF=y+z+x, dv=dcdydz,
- 1ol
V-F dv= x~+y+z)drdydr = 2 .
ST F = [[[[Cxaytidncydn=3

P2-22 A=a.r*+z,1z.

fS”q—'4§=(fﬂ fbm.,,., )7‘* ds.

ce foce

70/375«:& (2=4): A= =a.r'+ &8, ds = =2, ds.
L,,, o5 -=f g ds =8 (ms*)=2007.

face

Bottom face (2=0): A = =&, r ds=~g, </$,f A d5=0

(Na//5<r 5-) A Ar2;+azzz C{.S a,.ds.
JWa/f; A-ds = 25,&,‘,,;”5 = 35(2m5x4)= /0007

. $A-d5 = 2007 + O+ l000T = /2007

v A =3r+2 , J V-A dr‘ff /(3r¢2)rdrc/¢c/2‘-‘=/20077
fA ds.
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P2-23 A=a,z=2a,Rcosb.
a) Over the hem('spber/ca/j‘urface: ds‘:&ﬂ,ejsfnadedq‘:.

C _ W2 _ .

_/A - ds =_é- { a, (ﬂc059)-ae/&zs/n€d9d¢

.
= ,/{32,77_/ “ostesinode = _f—me.g.
0
Over the £lat base: z=0, A=0, /ﬁ-d?:o
.. f/zl-‘ds' =—32—7r£3,
p) v-A=282_22 _,

3Z 2Z

C) / v. A g = 1 x (Vo/u'me of hem r's/)/-)e/'/'ca/ f’gion):%?fﬂg,
= % A-ds — ﬂ/verjance theorem is proved.

S-a cos’d — &RR’Si‘nadadqs, at R=3,

a)jgp—.alj-':‘{m 7 -L-J—)S/'nede'Cosyc/q‘é

0

=-~é—'Z 3”’)96‘/9/ cos 9$J¢—-—(2)7T 3£
5) §-7- . 5 = - CQ it ,  dv =,Q S/nedﬂ.dec/¢ .
_ 2n 7 3
fV D dv :/ " ﬂ/ (-E%;i>31'n5d£d6‘dcf=‘g'
o ‘6 “2 -
P2-26 &) L =&+ a,dy,
Y A-dl = (2x%4 y*)dx + (Xy=y*)dy.
2 . Path @: =0, dx=0, fA-d ==~/ y*dy = 5/3.
oY Parh @: y =0, dy=0, [A-dl = [*2*dx =16/3.
[+
— = Parh®:y =2-x%,dy=-cx, [A-dZ =-28/3.
® $A- di= £ ;K& _29 __4,
= 3 3

b) VXA =-d,y, ci =Aydxdy, f(va) o5 -] [fz"‘d),]dx=-§.
) Mo, TxA#O,



P2-27 f:&r,grsingﬁ + dy ricos P
) Path AB: r=/ /- G5 sing +&5 Cos$ ;5 dL =aydgp,
4 Fedi = / Pos G dp =1

Pash Bo: $=m/2, F = d,5r; di=a,dr.
Spe Froll = f Srdy =15/,

Pa#;c]) 1/-1 £ = ak/DS/n¢+a?4Cas¢ c{,?_=q¢zd¢
Sop Frdk =[5 cosf o =¥

PathDA: ¢ = o F=&yr*; dl=acdr

L F-df =0.
%A _ /g /
$Fdl =)+ ZF 8= 5
ABCDA
L) VAF c_zz ;’ =5 946 =a, (3r~5)casé.

¢) ds=-a,rdedd, (TXF)eds ==t (3r-5)drcos¢dp
/(ﬁxﬁ)«/}—“——fﬁ*(3r~§)dr_{wé2’os¢d¢ -

pr-29 A =6t;, 3 (F2).
VX4 = 3- a, ce nl_ o s/ wZ).
A 2 sno 3 0595"’72 DLB.SInGS/nz_)

Assume the Bem;"slul;;er/"czz/ how! to be /o cates in rhe—
lower halfF of +he 3(7/—/9/otme and s Circcdar rim
Colnerdent with the xy-plane. Jracing the rim
F'n & Cocimiterc/ockwise direchon, we-lave

ol =5-4a’95, a’s’=—2c 4*sino dedé.
FA-dk / A),: (a¢¢af¢)-/ 12 sin(Z)dF =45

~1r/:r.
v - j= 2 T .
é(VXA)‘C/S = =12 [T cosesind dedp = 4%

=fA-dL.



L2-30 F-a,(x+3y~cz)+ (% +52) 18 (2x-Cy +6,2).
a) F (s. frrofcn’-rona-/

=350 5, (5 - B8 (32 Do

Lach com/oo/'le-m‘ must vapish.

!(2’0< C)/-v‘C Z) 5—;((: )’,f_G'L) - O ———-——->(}__.5'
2 (x+3y - &z) = S (34 Gyteg) =0 —>c=-2,

o (G 52)—‘5& #3y—c,z) =0 ———>C,=3,

b)) F is also sofenoidal:

w- F*«% +JZ+3& =0.

5 (% +3y’¢fz)+ (ex r52) #5527 5y 162) =0

=/

4

Jo



